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The System

MIDI is the acronym for Musical
Instrument Digital Interface, MIDI is now
the universal standard for connecting
and controlling electronic musical
instruments.

Originally, synthesisers were con-
trolled using two signals; ‘gate’ and 'CV’,
the 'CV signal is simply a DC voltage
corresponding to the pitch of the note, a
change of 1V would give a change in
pitch of one octave. The ‘gate’ signal is
used to control the sample and hold
circuitry, i.e. it gates the control voltage.
It is also used to trigger the envelope
generator. This system suited mon-

R T i i

by R.D. Ball

ophonic analogue synthesisers but is not
really practical for modem polyphonic
digital synthesisers.

Fortunately, synthesiser manu-
facturers adopted a single standard, this
system was developed by Roland in
conjunction with other manufacturers.
MIDI was the result.

The outline of MIDI is that all
synthesisers and drum machines (or any
other MIDI compatible device) use the
same set of codes to initiate and stop
notes. If certain information does not
apply to a particular machine (i.e.

T L P N A e - -

velocity information on a non-velocity
sensitive synthesiser) it is ignored.

The system outline may seem
limited at first, but special functions
exclusive to a particular manufacturer or
machine are incorporated using special
‘system exclusive’ codes to indicate a
non-standard function.

To allow easy connection between
devices, a serial system is used.
Operation is similar to RS423, except that
MIDI uses a current rather than voltage
loop, however the main difference is
speed; most serial systems have a
maximum speed of 9600 BAUD. MIDI
uses an incredible 31.25 Kilo BAUD!! The

N :
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A MIDI interface box

system runs at this speed to avoid
apparent gaps between simultaneous
events. The data word format is 8 bits, 1
stop bit and no parity.

A full implementation of MIDI
utilises three sockets on the equipment.
These are MIDI IN, MIDI OUT and MIDI
THRU'. MIDI IN is the serial data into the
equipment. MIDI OUT is the serial data
from the equipment. MIDI THRU is a
buffered version of the data that appears
at MIDI IN. The connection between
equipment is similar to the way that
Commodore printers and disk drives
may be chained together.

To prevent possible hum and earth
loop problems all MIDI inputs are Opto
Isolated. Connection between equip-
ment is usually via 5 pin 180° DIN leads
with some equipment intended for use
‘on the road’ XLR connectors may be
found), only two cores and screen are
used on 5§ pin leads though. Ready made
MIDI leads can be purchased or leads
may be made up using good quality
screened cable and connectors. MIDI
leads should not be longer than 50
metres.

Whet can MIDI
be used for?

(a) Producing a ‘thicker’ sound
This means connecting two or
more synthesisers together so that
notes played on the MASTER synth
will also be played on the SLAVE
synth(s). This can be very effective,
especially if the attack rate of the
envelope generator on the SLAVE is
considerably slower than that of the
MASTER. This effect is generally

termed layering or doubling.

(b) Allowing computer control
By using MID], electronic musical
instruments can be controlled by a
home computer. This means that

March 1987 Maplin Magazine

synths can ‘talk’ to computers and
vice-versa. This opens up
possibilities of using the computer as
a sequencer or to produce effects
such as appregiation of chords or
even to act as an extra modulation
generator. This does however
require the computer to be MIDI
compatible, this article also includes
a circuit for a MIDI interface and it is
hoped that this will provide a
stepping stone into computer
controlled electronic music.

(c) Reducing equipment space

and cost

By using a master keyboard a
number of slave synths can be
driven, since the slave synths do not
need keyboards, the keyboards can
be omitted!! Keyboardless synths are
much cheaper and occupy a lot less
space than full synths. The master
keyboard may be a special MIDI
MASTER KEYBOARD which has no
sound generation circuitry; just MIDI
sockets. Master keyboards generally
feel and respond more like a real
piano keyboard and normally
include good facilities for program
and parameter changes on slaves.
Some also allow the keyboard to be
'splitt so that different octaves
transmit on different MIDI channels.
A good master keyboard will tran-
smit velocity and aftertouch

information as well as note
information.
(d) Reducing obsolescence

All MIDI equipment is compatible,
so that old equipment will quite
happily work along side the very
latest equipment and that applies to
all equipment yet to be designed!!
Even old analogue synths can join the
MIDI revolution as MIDI to CV
converter boxes are now available.

(e) The MID] studio

By using a sequencer, different
instruments can be recorded into
memory, just like multi-track
recording on tape. Each ‘track’ is
assigned to a different MIDI channel
allowing simultaneous playback, and
because the information is in
memory it can easily be modified or
edited. It is also possible to change
instruments once tracks have been
recorded. One great advantage is the
total absence of recording medium
noise. Once multiple tracks have
been laid down, the slave devices
can now be mixed onto conventional
tape.

MIDI Modes

Mode 1: OMNI ON/POLY
(OMNI MODE)

In OMNI MODE, the MIDI device
receives data transmitted on all 16 MIDI
channels, note data is assigned to the
device's voices polyphonically.

This means that whether the
transmitting device sends data down
channel 1 or 16 (or any channel for that
matter), the device in omni mode will
receive it. Data corresponding to notes
will turn on and off the devices voices
polyphonically, i.e. a number of different
notes simultaneously sounding; as in a
chord. The degree of polophony will
depend on the device and is usually
around six or eight notes.

Mode 2: OMNI ON/'MONO

In this mode, data is received from
any channel as above, but note data is
assigned to only one voice (mono-
phonically).

If muiti note information is sent, the
device will either respond to the highest,
lowest or last note to be received, this
depends on the device and some
manufacturers allow the assignment to
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be changed.
Simply, regardless of how many
notes are played, only one will sound.

Mode 3: OMNI OFF/POLY
(POLY MODE)

In POLY MODE, the device only
responds to data being sent down a
particular channel and note data will be
assigned polyphonically (as in Mode 1).
With POLY Mode the receiving device
has to be assigned to a channel,
obviously the receiving and transmitting
devices must be on the same channel
otherwise nothing will happen.

Mode 4: OMNI OFF/MONO
(MONO MODE)

In MONO MODE each voice is
assigned to its own channel, i.e. if a six
voice synth was assigned so the basic
channel is 1, then successive voices
would be assigned to channels 2 through
to 6. Synths with multi timbral facilities
allow each voice to have a different
sound, for these reasons MONO mode is
very powerful but needs careful use to
get good results. Facilities in this mode
can vary and the owners manual should
outline how to use this mode fully.

MIDI Data Messages
NOTE ON
The following sequence of data will

initiate a note. Exchange consists of a

three byte transfer.

BYTE 1 Channel No. (0 to 15) and NOTE
ON command.

BYTE 2 Key No. (0 to 127) O=lowest,
127=highest. MID ‘C’ = 60.

BYTE 3 Key Velocity; how hard key is
pressed, (0 to 127) O=no velocity,

127=max velocity. Non-velocity
keyboards use 64.
NOTE OFF

The following sequence of data will
stop a note. Exchange consists of a three
byte transfer.

BYTE 1 Channel No. and NOTE OFF
command.

BYTE 2 Key No.

BYTE 3 Key Release Velocity; how
quickly key is released, (0 to 127).

POLYPHONIC KEY PRESSURE

(AFTERTOUCH)

Some keyboards also respond to the
pressure applied to the key after the key
has been pressed. Exchange consists of
a three byte transfer.

BYTE 1 Channel No. and KEY PRESSURE
command.

BYTE 2 Key No.

BYTE 3 Key Pressure (0 to 127) 0=no
pressure, 127= max pressure.

OVERALL PRESSURE (RAFTERTOUCH)

Similar to above, but is the overall
pressure of all the notes down. Exchange
consists of a two byte transfer.

BYTE 1 Channel No. and OVERALL
PRESSURE command.

BYTE 2 Overall Pressure (0 to 127) 0=no
pressure, 127 = max pressure.

4

Inside the box

CONTROLLERS

These are used to transmit
information corresponding to operation
of such things as portamento, damper
and operation of modulation wheels or
joysticks. This means, for example, that
when the damper is operated on the
master, it is also operated on the slave.

There are two main types of
controller command:
CONTINUOUS - these correspond to
turning a pot on the control panel or
operating a modulation wheel, ie.
anything that needs to have a continuous
value corresponding to position, to be
transmitted.
ON/OFF - these correspond to switch
operations such as the damper pedal
being pressed.

For the different types of controllers
a set of sub-channels or controller
numbers are used:

0 to 31 for continuous controllers (low
and high resolution).

32 to 63 for continuous controllers
(high resolution).

64 to 95 for on/off controllers.

96 to 121 undefined.
122 to 127 for
messages.

channel mode

Controller messages consist of a
three byte transfer.
BYTE 1 Channel No. and CONTROLLER
message.
BYTE 2 Controller No. (0 to 127).

BYTE 3 Controller Value (0 to 127) 0=full
off, 127=full on.

PITCH BEND
Pitch bend is considered such an
important controller it is assigned as a
separate message. Pitch bend is a three
byte transfer.
BYTE 1 Channel No. and PITCH BEND
command.
BYTE 2 Pitch Bend value (0 to 127) LSB.
BYTE 3 Pitch Bend value (0 to 127) MSB.

PROGRAM CHANGE
This enables program, or patches
corresponding to different sounds to be
selected, this is a two byte transfer.
BYTE 1 Channel No. and PROGRAM
CHANGE command.

BYTE 2 Program No. (0 to 127).

MODE MESSAGES

This group of messages affect the
modes of operation and are under the
class of controllers.
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LOCAL/REMOTE

This is used for selecting whether
note data for voices within the synth is
obtained from the keyboard and MIDI or
just MIDI. In the second option, operation
of the keyboard just sends out MIDI data.
This option i8 useful for adding such
features as appregiation, auto chording
or other MID] effects and is achieved by
using a MIDI effects box or micro
computer.

ALL NOTES OFF

Causes all notes on that channel to
cease sounding. This command should
be used with some care as not all devices
respond to it!

OMNVIPOLY/MONO SELECT

This allows selection of the channel
and note assignment mode as previously
discussed.

SYSTEM EXCLUSIVE (*)

This allows totally non-standard
information to be exchanged between
compatible equipment. Such as data for a
particular patch or even data for a
sampled sound.

The exclusive message was
provided for manufacturers different
needs and is one facility that means MIDI
cannot become obsolete.

The exclusive message is a multi
byte transfer and the length depends on
the application.

BYTE 1 SYSTEM EXCLUSIVE Command.

BYTE 2 MANUFACTURERS ID No.
BYTE 3
‘DATA’
BYTE n
BYTE n+1 END OF EXCHANGE

2MH; Crystal
Oscillator

. Data {DO-D7)
Ly -
' Rcadfwnu(g/m

Tx Data
—v——{lnvertcr

Bu,,,,]_._o MIDI Data Out

|-Address A0 (RS)
. $2Clock (E) 6850

UART

Rx Data

,Select (CS0)

|Select (CS1)

@_.o MIDI Data in
Isolator —

, Select (CS2)
[}

MIDI Data Thru’

Figure 1. Block diagram.

SYSTEM RESET (*)

Puts all the equipment into the reset
state, as if it had just been powered up.
There are many other messages but only
the main ones have been covered here.

NB. (%) = Any ‘SYSTEM message
that is transmitted, is received on all
channels.

MIDI Requirements

INTERFACE HARDWARE

Data rate 31.25 K BAUD =+ 1%,
Asynchronous.

1 start bit, 8 data bits, 1 stop bit.

Total 10 bits, one complete word
takes 320us to transmit.

Circuit operates using SmA current
loop. The receiver must be opto-isolated.
Opto isolator must require less than SmA
to turn on.

" MESSAGES

i) Channel messages
The status byte contains a four bit

channel required (1 to 16); the
number transmitted is 0 to 15 (0000, to
1111y).

ii) System messages
These are not given a channel
number and are received on all
channels.

COMMON - for all devices
connected.
REAL TIME - for timing and
synchronisation purposes.
EXCLUSIVE - manufacturers
exclusive data exchange.

Block Diagram

Figure 1 centres around the 6850
Universal Asynchronous Receiver
Transmitter; this device is used to
convert parallel data from the computer
to serial MID]I data and also to convert
serial MIDI data to parallel data for the
computer.

The data from the 6850 UART is not
suitable to directly drive a MIDI device.
The data has to be buffered to drive the

Command. number corresponding to the MIDI MIDI bus. The buffer has quite a low
) .
{
+5V—
IC1 = 74LS04
IC1a  ,.0n IC1b
R2 220R 1
_ Em | - I Ens _ == 8
k2 2x2 u% MIDI IN ,
'[l' 2ZMHz Vst
D1 3
| IC2 1N4148
6850
[ 1
Do 22 0o nxg: 3 Re 220R 4
Tx '—-] 0 f
I I l mg IC1c IC1dR7 250R 2 MIDI THRU
. 07 . 15 | —{o7 vdd 0 ». — A
- 12 3
R/W +— 3 R/W :x 3
A0+ mLE m; s
P2+ E — 7
14 DCD
CSo - ——3|Cs0 2|23 3
e cs1 €S Rg 220R a
CS1F 015235 vesl28 »
Cs2! 9(C il £ iCle _IC11 o}% MIDI OUT
[ Ra 220R )
- o— o8]
c1 T100nF l 3 5
{
| ovh *
Figure 2. Circuit.
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output impedance so as to prevent
problems caused by induced noise or a
low cable capacitance. The output is
current limited to protect the equipment.

As previously mentioned, MIDI
inputs need to be Opto Isolated, this
gives added safety and prevents
troublesome (and annoying!) hum loops
from being formed through cables and
equipment. After data is passed through
the Opto Isolator it follows two routes;
into the 6850 UART and via an inverter
into another buffer (duplicate of MIDI
OUT buffer) to provide MIDI THRU' data.

The data rate is derived from a
2MHz crystal  oscillator, this is
subsequently divided by 64 in the 6850 to
give the 31.25 K BAUD data rate used in
the MIDI system.

Connection to the computer data
bus is via the tri-state buffers in the 6850,
data transfer is controlled by read/write,
enable and select signals.

Register selection is achieved by
using read/write and register select
lines.

Circuit Description

In Figure 2, ICla, IClb, Rl, R2, R3
and X1 form a conventional two inverter
crystal oscillator which runs at 2MHz.
The output of which is fed to IC2's
transmit and receive clock inputs, the
31.25KHz data clock is obtained by an
internal divide by 64 circuit in IC2. In the
interface, IC2 does most of the work;
paralleV/serial and serial/parallel con-
version, as well as interfacing to the
computer expansion bus. Bus control is
achieved using ‘E’' (enable) and ‘R'W’
(read/write). The E line is normally
connected to the processors ‘@2’ (phase
2) system clock. Data transfer takes
place when the @2 line is high. The VW
line controls the data direction. With R'W
high data is read from the 6850's
registers and with R/W low data is
written to the 6850's registers. Since the
6850 has two pairs of registers, a
selection signal is required, this is the
‘RS’ (register select) line, and is
connected to the least significant bit of
the address bus. Data is exchanged via 8
bi-directional lines (D0-D7), when IC2 is
de-selected DO-D7 are in the tri-state
mode. To insert the 6850 into the
computer's memory map, 3 select lines
are provided; two active high (CS0 and
CSl) and one active low (CS2), these
lines may have to be fed from a separate
address decoder if suitable memory map
decode lines are not available on the
computer.

Serial data transmitted from the 6850
is not suitable to directly drive the MIDI
bus, so it has to be buffered. This is
achieved using ICIlf, since this is an
inverting buffer, the data has to be first
inverted using ICle. By taking the MIDI
output from between the +5V line and
IC1f, IC1f is sinking rather than sourcing
current. R8 and R9 limit the maximum
current that can be drawn under
possible fault conditions, protecting the
computer, interface and MIDI device.
6

Data Bus Addr+1 (TX) Addr+2(RX) Addr+0(WR)  Addr+0(RD)
Transmit Receive Control Status
Do Data bit 0 Data bit 0 CK divide RX reg full
D1 Data bit 1 Data bit 1 CK divide TX reg empt
D2 Data bit 2 Data bit 2 Word form *notw wusedw
D3 Data bit 3 Data bit 3 Word form *notw wusedw
D4 Data bit 4 Data bit 4 Word form Framing err
D5 Data bit 5 Data bit 5 (TX ctr) RX overrun
D6 Data bit 6 Data bit 6 (TX ctr) Parity err
D7 Data bit 7 Data bit 7 (INT en) (INT requ)
Table 1. Register contents.
Decimal
Function DO DI D2 D3 D4 D5 D6 D7 Value
Reset 1 1 * * * * * * 3
Divideby64 0 1 * * * * * * 2
Divideby 16 1 0 * * * * * * 1
Divide by 1 0 0 * * * * * * 0

Table 2. Control register (Reset and Divide).

IC1f forms the MIDI OUT buffer. Data
received drives the LED half of OPTOIl.
R5 serves to limit current and D1 affords
reverse bias protection for the LED.
When the LED twrns on, the transistor
half of OPTOI is biased on, and pulls the
input to IClc and the receive data input
of IC2, low. When the LED is off, the
transistor is also off, the input to IClc and
the receive data input of IC2 are pulled
high via R4. IClc, ICld, R6 and R7 form
the MIDI THRU' buffer, operation is
identical to the MIDI OUT buffer except
that data is obtained from the opto
isolator instead of the transmit data
output of IC2.

6850 UART Registers

Table 1 shows the registers contents

on all 8 data lines. Table 2 shows the
reset and divide settings in the Control
register and Table 3 gives the various
settings required for various word for-
mats. Bit D7 of the Control register is the
Receive Interrupt Enable bit and if bit D7
is set, an interrupt will be generated
when RX Register Full bit goes high. If bit
D7 is not set, receive interrupts are
disabled. To RESET 6850 UART; set bits
DO and Dl to 1 (i.e. decimal 3). To
ENABLE 6850 UART:; set bit D0 to 0, bit D1
to 1,bit D2to 1, bit D3t0 0, bit D4 to 1 (i.e.
decimal 22). (This corresponds to Divide
by 64 and 8 bits, No Parity, 1 Stop Bit). To
TRANSMIT data; check that the TX
Register Empty bit, (D1; Control Register)
is high, if not wait until bit D1 is high, then
place transmit data into bits D0-D7 of TX
Register. To RECEIVE data; check that

Word format DO D1 D2 D3
7 bits, even parity

2 stop bits * * 0 0
7 bits, odd parity

2 stop bits * * 1 0
7 bits, even parity

1 stop bit * * 0 1
7 bits, odd parity

1stop bit * * 1 1
8 bits, no parity

2 stop bits  * * 0 0
8 bits, no parity

1stop bit * * 1 0
8 bits, even parity

1stop bit * 0 1
8 bits, odd parity

1 stop bit * 1 1

(Decimal
D4 D5 D6 value)
0 * * * 0
0 * * * 4
0 * * * 8
0 * * * 12
1 * * * ' 16
1 * * * 20
1 * * * 24
1 * * * 28

Table 3. Control register (word format)
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Base address (read) Status Register

the R.x Reglster P\xll bit, (DO. Control Base address (write) ControiReglster
Register) is high, if not wait until DO is Base address +1 (read) Receive Data Register
high, then retrieve data from bits D0-D7 Base address +1 (write) Transmit Data register
of RX Register.
ViC-20 CBM-64
MIDI Interface (dec)  (hex)  (dec)  (hex)
Base address = 39936 $9C00 57088 $DF00
mﬂn Writing Baseaddress+1 = 30837  $9CO1 57089  SDFO1 |
Sequencing can be accomplished ) o
from BASIC quite easily. All that is The base address is the position in memory where the 6850 has been placed. |
required is that the appropriate data be — — T - B
output to the 6850 in the correct order. Table 4. Register Memory Map.
This data may be stored in an array or in — o o o B B
data statements. (Viewed looking into expansion slot)
“i};‘;;md‘sgi:'rzmefxgdmﬂ Top ABCDEFGHIJKLMNOPQRSTUYV
use machine ]ang-uage' either enu'rely or l l l l l l I l J l l l l l I 1J I l —[ I
using subroutines which can be called
from BASIC; this should not be too much L D D N NN -
of a problem to anyone who has an BOTTOM A B CDEFGHIJKLMNOPQRSTUYV
;nderstandix_tdg n;)\f a;;?r;:ly. language, Top Bottom
B e oY S A GND L BLK 3 A GND L CA10
RESET and the CLOCK DIVISION rate (g2 R 8 CAO M CAll
L. . . . C CD1 N RAM 1 C CA1 N CA12
set. This is achieved by writing decimal 3 D CD2 O RAM 2 D CA2 0 CA13
then decimal 22 to the control register of E CD3 P RAM 3 E CA3 P 102
the 6850. F CD4 Q VRW F CA4 Q 03
Data being exchanged between G CD5 R CRW G CA5 R SO2
devices is passed through the TX and RX H CD6 S IRQ H CA6 S NMI
data registers. To achieve correct data | CD7 Tne | CA7 T RESET
transfer, the STATUS register must be J BLK 1 U +Sv J CA8 Unc
checked; ie. that the TRANSMIT DATA K BLK 2 vV GND LSl WG

REGISTER is empty before sending more
data; TDRE bit of STATUS REGISTER will Figure 3. VIC 20 Edge Connector.
be high when it is OK to send more data,
and similarly for receiving data; data

must be present in the RECEIVE DATA (viewsd looking o expansion skt)

fcmﬁg%hmbe;&aﬁel‘ﬁgﬁ TOP ABCDEFGHIJKLMNOPQRSTUYV

it oOf GISTER

when it is OK to read the data. T I T T T T T T T T T T T TITTITTITITIT
The Registers will be configured in I HEEEEEEEEEEEEEEEEEEE.

the computers memory map as shown in BOTTOM A B CDEFGHIJKLMNOPQRSTUYV

Table 4; the actual locations will depend

on the machine and the address decod- Top Bottom

ing used, but addresses for the VIC 20

A GND L ROML A GND L A0
and the Commodore 64 are shown. B DO M V02 B A0 M Al1
Figures 3 and 4 show the pin functions of Cc D1 N EXROM C Al N A12
VIC 20 and Commodore 64 edge D D2 0 GAME D A2 0 A13
connectors respectively, and Table 5 E D3 P VO1 E A3 P Al4
shows connections from the two edge F D4 Q Dot clock F A4 Q Al15
connectors to the circuit. G Ds R RW G AS R $02

To illustrate how simple the software :" Dge ? 'fs% :" A";G ? ggSlEl’
can be, a few examples are shown in J DMA U +5V J A8 U ROMH
Listings 1 to 5, these show how to RESET K BA V GND K A9 V GND
the 6850 and READ and WRITE data,
examples are given in both BASIC and
6502 assembly code. In the examples: Figure 4. Commodore 64 Edge Connector.
‘base’ means base address,
‘base+1’ means base address+1 MID(I)\(/:IrcuIt Véizoo CZ:D“
location, . ) CDO )
‘data’ means either variable or mem- D1 CD1 D1
ory location containing data. D2 cD2 D2
Pl D3 cD3 D3
ease note that BASIC should not be D4 CD4 D4
used to directly get data from the 6850 D5 CD5 D5
since BASIC is slow. However BASIC D6 cDs D6
may be used to send data without D7 cD7 D7
problem. If data needs to be fetched in RW C RW RW
BASIC, a machine language subroutine RS CA0 A0
must be used. ESZ Egg Egg |
Table 6 is intended as a guide to
what data should be sent and in what e +5V e 1
order. Table 7 gives Controller assign- Note the CS0 and CS1 lines should be tied to +5V, as only CS2 is used.
ments and Table 8 describes Mode R B A
Messages. Table 5.
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Example 1

10 REM » *RESET 6850% %

20 POKE 'base’,3

30 REM »» SET DIVIDE RATE & WORD FORMAT # #

40 POKE ‘base’,22

Listing 1

Example 2

@reset  LDA#$03 load acc with hex 03
STAS'base’ store acc at 'base’
LDA#$16 load acc with hex 16
STASbase’ store acc at ‘base’
RTS return from subroutine

Listing 2

Example 3

@ get data LDA $'base’ load acc with STATUS [
AND#$01 AND with bit 0
CMP#$01 test
BNES@ get data branch if no data
LDAS'base+1' getdata
STAS'data’ store acc at ‘'data’
RTS return from subroutine

Listing 3

Example 4

10 REM ##IS TX REG EMPTY?# #
20 IF (PEEK('base’) AND 2)=0 THEN 20 |
30 REM ##SEND DATA to 6850 #

40 POKE ‘base+1','data’ |
Listing 4
Example 5 Tables.
@senddata LDAS'base’  load acc with STATUS -
AND#$02 AND with bit 1
CMP#802 test [
BNE$@ send branch if not ready {
data [
LDAS'data’  get data to send
STAS'base+1' send data
RTS retum from subroutine
Listing 5§
MIDI INTERFACE
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
R13 2k2 2 (M2K2) ‘
R256,789 2200 6 (M220R) —
R4 10k 1 (MI0K) Table 7.
CAPACITORS o
Cl 100nF Polyester 1 (BX76H)
SEMICONDUCTORS
IC1 74LS04 1 (YFO4E)
) (o] MC6850P 1 (WQ48C)
D1 IN4148 1 (QL80B)
OPTO1 Hi-Sensitivity Opto-Iso-
lator 1 (RASTM™)
MISCELLANEOUS
X1 2MHz crystal 1 (FY80B)
SK1-3 PCDIN skt 5-pin A 3 (YX91Y)
24-pin DIL skt 1 (BL20W) ‘
14-pin DIL skt 1 (BLI8U)
Box AB10 1 @F1IM)
Table 8.
8

Firstbyte Second byte Thirdbyte Description |
1001 mmmm  Onnnnnnn Ovwwwwv  NOTE ON (Velocity 0 = note off) [1] 1
1000mmmm  Onnnnnnn  OWvvwv  NOTE OFF [1] |
1010mmmm  Onnnnnnn ~ OppppPPPP  POLYPHONIC KEY PRESSURE (Aftertouch) [2) ’
1101 mmmm  Oppppppp ———— OVERALLKEY PRESSURE (Aftertouch) [2)
1011 mmmm Occcccce  Oddddddd  CONTROLLER CHANGE [3) !
1110mmmm  Oddddddd  Oddddddd  PITCH BEND [4] ‘
1100 mmmm OPPPPPPP ———— PROGRAM CHANGE [5)
11110000 Oiiiiiii Oweeeder SYSTEMEXCLUSIVE (6]
1Mot ———— ———— EOX(End of exchange) [7] 1
"1 ——— ———  QYSTEMRESET \
\
Key
mmenm = MIDI channel No. (Oto 15) ’
Onnn nnnn = NOTE on keyboard (0to 127)
Ovvv vwwy = VELOCITY (0to 127)
0ppp pppp = PRESSURE (0 to 127)
Ocee ceee = CONTROLLER No. (O to 127)
OPPP PPPP = PROGRAM No.
Oddd dddd = DATA (0to 127)
Oiiiiiii = 1D Code (0 to 127)
Ok ket = Undefined number of data bytes (as Oddd dddd) ]
oes |
1] Onnn nnnn = 60 is middle ‘'C’' |
Ovw vy 0=oﬂ,1=m,64=between,.,and,,,,127=,,,
Ovwv vwwwy = 64 in non velocity sensitive devices ‘
2 Oppp pppp 0 = no pressure, 127 = max pressure
3] Occece ceec = controller number; see list
Oddd dddd = data for controller [
(4] Oddddddd  2nd byte = LSB, 3rd byte = MSB |
2nd byte = 0, 3rd byte = 64, gives no bend [
] OPPP PPPP = program or patch number
[6] Oiiiiiii = manufacturers ID code ,
Otte eein = undefined number of data bytes, terminate by sending [7]
7 Use to retum to normal use after EXCLUSIVE data exchange J
Controller assignment ’
Controller No Description
0 Continuous controlier 0 MSB l
1 Modulation wheel MSB
21031 Continuous controlers 2 to 31 MSB |
32 Continuous controller 0 LSB
3 Modulation wheel LSB }
341063 Continuous controllers 2 to 31 LSB
641095 Switch controllers
96 to 121 * wundefined » ‘
12210127 MODE MESSAGES (see Table 8) 4
Controller data

For continuous controliers 0 to 127 (min to max).

Fore switch controliers 0 = off, 127 = on,

For continuous controllers; if only 7 bits of resolution required, send only MSB. If full resolution is f
required send MSB first, then LSB. if only LSB has changed in value, LSB can be sent without MSB. !

— N |

Mode Messages

Controller No.  Description Data

122 Local control 0=off, 127 =on
123 All notes off 0

124 Omni off (all notes off) 0

125 Omni on (all notes off) 0

126 Mono on [poty off] (all notes off) number of channels
127 Poty on [mono off] (all notes off) 0

Note

All messages which can be sent successively (6.g. NOTE ON) under the same
STATUS byte, can be sent without STATUS byte until a different STATUS is

required.




TEST GEAR AND
MEASUREMENTS

art 3 discussed potentiometers, and
DC meters, and we now move on to
AC meters and their uses.

Alternating Current Meters

The most common methods of measuring
AC currents and voltages is to rectify them
before applying them to a d'Arsonval
movement. The alternative is to meaure the
heating effect in a wire and relate this to the
current or voltage. In addition to these two
methods are the electrodynamometer and the
electrostatic voltmeter.

Electrodynamometers

An electrodynamometer is similar to a
d'Arsonval movement except that the former
uses the current being measured to produce a
magnetic field through the field coils, see
Figure 1, whereas a d'Arsonval movement
uses permanent magnets. The meter reading
using an electrodynamometer is proportional
to the average of the square of the current and
its use is limited to the lower audio frequency
range. The sensitivity is also low, between
1002 and 3011 per volt compared to 20,0000
per volt for a d'Arsonval.

Electrostatic Voltmeter

This instrument is interesting for several
reasons. It does not consume any power
except for a charge up period when first
connected. Therefore it presents an infinite
impedance to the circuit being measured. It
measures voltage directly instead of
measuring the effect of the current. It is also
independent of the waveform under
measurement, and an instrument calibrated
with DC can be used for AC measurements
just as well.

Figure 2 shows the construction of an
electrostatic voltmeter whose operation
depends on Coulomb's Law: the force
between two parallel plates is proportional to
the applied voltage. To start with, the plates do
not overlap, but applying opposite voltages to
the plates causes attraction between them
and the moveable plate starts to overlap the
stationary plate. The moveable plate wili stop
travelling when the torque of the spring equals
the torque produced by the attraction between
the plates. Using this method, voltages up to
300,000 volts can be meaured, and a series
resistor is usually included in circuit just in
case the plates are in danger of shorting!
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Pointer

Stationary
tield coil

Stationary
tieid coil

Figure 1. Electrodynamometer.

Rectification

Since a DC movement has a higher
sensitivity than an electrodynamometer, it
makes sense to rectify AC and then apply it to
a DC movement. One arrangement is shown
in Figure 3, which uses a full wave rectifier, i.e.
both positive and negative going half cycles
are rectified. This results in a train of pulses
which the meter is capable of reading and,
because of the inertia of the moving coil, the
reading is an average value. The DC

e — = = ——

Pointer

456
)

kV
Movable
plate
AC.
IN

Fixed

L - plate

Figure 2. Electrostatic Voitmeter.

by Danny Stewart
Part 4

Muitiplier

Figure 3. Rectifier for AC signals.

equivalent of these peaks is given by:
Ioc = 0.636L0r 2 I
m

where L is the peak value.

An AC current is usually gauged by its
heating effect or root mean square (rms)
value. ltis related to the peak value by:

Lme = 0.7071, 0r \/2—2_ I,

The form factor is the ratio of rms to DC
reading, i.e:

Form factor = Iims = 1.11

L

This is an important parameter since the
1.11 form factor applies only to a sinusoidal
waveform, see Figure 4. For other wave
shapes, the form factor will be different.

Selenium rectifiers and copper oxide
rectifiers are no longer used since they have
low reverse voltages and can handle low
currents only. Present day rectifiers are silicon
or germanium with reverse voltages of 1000V
and 300V respectively. Germanium diodes
can handle 100mA and low current silicon

]

NIRAVARV/

J 0.C.OuUT

| "L\ NN\ IRms
TN/ TN/ TN/ T \pe

L |

Figure4.1,c and I, related to 1.



diodes can handle in the region of 500mA.

An ideal rectifier should have infinite
reverse resistance and zero forward
resistance, but the rectifier is not a linear
device. The practical rectifier is also
temperature and frequency sensitive. At
higher frequencies the capacitive effect of the
rectifier acts as a bypass and could affect
readings by about 0.5% per 1kHz rise in
frequency.

From the temperature point of view, a
rectifier operates satisfactorily at room
temperatures but if the device is meant to
operate in much lower or higher temperatures
then it should be enclosed in an ‘oven’.

AC Multirange Meter

An AC muitirange voit meter is made by
providing values of series resistors, see
Figure 5. Most multirange meters use this
arrangement where the meter indicator is fed

by only one half of the waveform. In a full wave

rectifier, Ipc = 0.9Ln. Therefore if only half
the waveform is read:

loc = 0.41mg

Also the multiplier resistors need to be of

lower values so that both DC and AC may use

the same meter scale. The circuit of Figure 5
operates as follows; D1 conducts during

Range
switch

L]
T

Figure 5. AC Multirange Voltmeter.

positive half cycles and D2 during negative
half cycles. The negative cycles bypass the
meter. If D2 were not present, there would be
areverse leakage current through D1 which,

although smali, would reduce the reading. The

shunt resistor Rs helps draw more current

through D1 and hence enables it to operate on

the linear portion of its characteristic. As with
DC meters, the series resistors can be
arranged such that there is no need for a
make before break contact, as shown in
Figure 6.

>
a e
z

.

|

Figure 6. Different Multirange.
10

e
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|

| Figure 8. Moving-iron Meter (Radlal vanes).

|

I

l
|

Moving Iron Meters

Since moving iron instruments do not
recognise polarity they can be used on AC
signals. These instruments can work on the
aftraction or repuision principle using
concentric vanes, see Figure 7, or radial
vanes, see Figure 8. Both vanes receive the
current under measurement, regardless of
polarity. This magnetises the vanes equally,
causing repulsion and the needle travels
against a spring, coming to rest when the

repulsion equals the tension of the spring. The

|

Pointer

Concentric
vanes

N

e ————

~
N -

L

—

B B = Flux density
[ H= Magnetomotive force

Figure 9. Magnetisation curve.

The frequency of operation is also limited
to an approximate range of 25Hz to 125Hz,
and at higher frequencies the impedance
increase gives lower readings. Special
compensation circuits can be used but they
are unlikely to improve the performance much
beyond 2,500Hz.

Thermal Instruments

The original hot wire instrument is shown
in Figure 10. Wire AB carries the alternating
current and expands in length due to the
heating effect. Wire CD, attached to a spring,
takes the slack out of AB ,driving a pointer up
the scale. This instrument is too bulky and
fragile for general usage and has largely been
replaced by thermojunction instruments.

—

A
o
/ Pivot
Zero D
adjust

Figure 7. Moving-iron Meter

(Concentric vanes).
vanes are made of aluminium and a separate
aluminium vane moving in a close fitting
chamber provides the damping. Since the
moving parts do not carry any windings, the
moving iron instrument is rugged. However,
the accuracy is limited by the non-linear
magnetisation curve shown in Figure 9.

Pointer
\ Fixed vane
l P S Moving vane
P
L -1 F:ﬁ
Radial

vanes

A= —m=— ===

I A\
\
\
\
i :
77
/
LV R P ———

S ——

|
|

Figure 10. Hot Wire instrument.

Figure 11 shows the arrangement of a
thermojunction instrument. Point B is called
the cold junction and XBY the hot junction. If
two dissimilar metals are joined, the voltage
generated is proportional to the temperature
atthe junction, and rises in proportion to the
temperature. The dissimilar metals are AB
and BC joined at point B but this arrangement
does not take into account compensation for

ambient temperature. This can be achieved as

| |

Figure 11. Thermojunction.
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Electrical
insulation

L

Figure 12. Temperature compensation.

Figure 12 by bending back points A and C in
order to be in thermal contact (but not
electrical contact) with points X and Y. Since
the heat generated is proportional to the
square of the current, the voltage at the
bi-metal junction will also be proportional to
the square of the current. This square law
relationship is reflected in the meter scale
which is crowded at the lower end and more
diffuse at the top end, see Figure 13.

- Input mA 2{4,6|8 |10

o Input squared| 4 | 16 | 36 [64 100

c

10

8

6

4

2

gl ~— —_— e
4 16 36 64 100

Input squared

Figure 13. Square Law curve.

This instrument is good for current in the
range 0.5A to 20A. Below this, from 0.1A to
0.75A, thermojunctions in a bridge formation
can be used with a bi-metal in each arm of the
bridge. For currents above 20A, the junction is
air cooled by placing it outside the case so that
the heat may dissipate.

Thermojunction instruments are excellent
for RF measurements, being accurate to 1%
up to 50MHz and handling currents of around
1A. Atthe higher frequencies, current exhibits
a skin effect, i.e. it travels only in the outer
layers of the conductor. Therefore, the wires
can be replaced by tubes.

Current and Voltage
Transformers

For DC, a simple divider will tap off a
proportion of current or voltage which can then
be measured. With AC, the dividers can
exhibit reactance and therefore reduce the
accuracy of the reading. A transformer is

Primary % Secondary

5:1 |
Vplp =Vglg

e

Figure 14. Transformer.

March 1987 Maplin Magazine

useful both for isolating the high voltage from
the voltage being measured as well as to drop
the voltage to a lower value and hence extend
the range of the indicating instrument.

Figure 14 shows the primary isolated
from the secondary since the transfer of power
is via inductive coupling. A transformer is
around 98% efficient and it is essentially
power that is transferred. So, if the voltage is
stepped down, the current goes up. Therefore
there are voltage transformers and current
transformers. In the case of the latter, if the
current needs to be stepped up, there will be
thicker wire in the secondary to cope with the
higher current. If, in Figure 14, the primary
currentis 1A and the voltage 250V, a 5:1
voltage step down will give a secondary
voltage of 50V.

Velp = Vsl
L = Vol
Vs
Secondary current = % =5A
— -
T3 T
ve
|
Primary Secondary [

—

Figure 15. Autotransformer.

Figure 15 shows an autotransformer and
there is no isolation between primary and
secondary since the secondary uses the same
windings as the primary. Itis smaller, cheaper
and lighter than the previous transformer
construction and the required tums ratio is
obtained by tapping off an appropriate number
of tums on the primary in order to obtain the
secondary.

Power Measurements

Up to now, we have been concerned with
measurement of current and voltages, both
AC and DC. But some means must be found
of measuring power, else the Electricity Board
will not have any means of knowing what to
charge us for the power we consume. Ina DC
circuit the voltage is in phase with the current
but as soon as a frequency is introduced into
power to make it alternating current, any load
becomes reactive, i.e. voltage is not in phase
with the current.

This frequency is 50Hz in the UK, but
60Hz (110V) in the USA. A current with a
frequency will ‘see’ capacitance and
inductance where these are not intentional.
For instance, a pair of parallel wires wrapped
in insulation will present a capacitance bypass
path, see Figure 16.

The phase angle between current and
voltage is shown in the phase diagram of

— — ——

Insulation
Wires / Stray
f / capac/itnnce
7 73 ./

I |

Figure 16. Reactance in AC measurement.

Figure 17. It was shown earlier how the field
and moveable coils of a dynamometer were
connected in series to read AC. Figure 18
shows how these coils can be connected
across the supply terminals to read power.
The field coils in Figure 18 effectively read the
current and the moveable coil reads the
voltage (R is a limiting resistor). In this way,
the average power delivered to the load is
registered. The voltage V in the phase
diagram of Figure 17 will have components

sl

Figure 17. Phasor diagram.

Current coil

Potential
coil

[

| .
Current coil RE] IV Load

L

| ]

Figure 18. Single phase Wattmeter.
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Figure 19. Sum and Difference vectors.

along the x and y axis as in Figure 19. if these
are summed with the current phasor, the
resultant is:

M2=V2+ 12+ 2Vicos O

If the difference is taken, the resultant is:
N =Vv24+ 12+ 2Vicos O

From the two above equations:

M? - N? = 4VIcos O

Using thermocouples, this sum and
difference can be measured, hence
measuring the power proportional to VI cos 6.

]

o o}
Current
. ot 8] |
gm |
Potential
transformer

i
A

Figure 20. Thermal Watt Converter.

>
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Figure 20 shows a thermal watt converter.
Thermocouple X receives the sum of the
currents and thermocouple Y receives the
difference. Since the heating effect is
proportional to the square of the currents, M?
and N are obtained. If these thermocouples
are connected in opposition, the effect is M? —
N2 which was shown to equal four times the
power and the reading can be scaled down by
a factor of four.

In Figure 20, the dotted arrow shows the
direction of current through the current
transformer and the straight arrow shows the
direction of current through the potential
transformer. Although only one thermocouple
has been shown for each of X and Y, several
series connected thermocouples are used in
place of X and Y to give higher voltages.

A commercial arrangement of a watt/hour
meter is shown in Figure 21. This is typical of
that found on domestic properties for the
recording of single phase power consumption.
The voltage coil is connected across the
supply and the current coil in series with the

12

Potential
’ coil ~

7/

’ Metal frame /

)
[ Supply

| E— .|

Figure 21. Watthour Meter.

supply. A light aluminium disc is suspended as
shown and rotates because of the voltage field
as well as the eddy currents induced by the
current coil. The number of revolutions of the
disc is therefore proportional to the voltage as
well as current and through a suitable gearing
mechanism, the power consumed in kilowatts
is displayed on the meter face. The rotation of
the disk is damped by two small permanent
magets opposite each other on the edge of the
disc, see Figure 22. The absence of these
magnets could cause the disc to spin too fast
or continue spinning when the load is
removed. The meter is calibrated over a range
covering 10% of full load to full load; all other
loads then produce satisfactory readings.
Adjustment at full load consists of altering the
position of the permanent magnets. But
adjustment at 10% of full load is more difficult,
and requires an extra winding on the voltage

—

7agnets

/

/

/ Spindle

Disc

Figure 22. Disk damping.

coil, or a metal shield to reduce the field of the
voltage coil.

The power delivered is maximum when
the voltage is in phase with the currentor @ =
0in the power formula VI cos 9, since the
cosine of zero is one. For all other values of
O, the cosine is less than one.

In some instances it may be necessary to
measure this phase angle, and a suitble circuit
must be devised. Figure 23 shows one such
circuit based on the dynamometer. The field
coils carry the line current and the moveable
coils gauge the line voltage. The displacement
of the moveable coils relative to the field coils
is a measure of the phase angle or power
factor, and the scale can be calibrated directly
in phase angle (B) or power factor (cos 9).
The moveabie coil is a pair of crossed coils,
one with a resistor in series, the other with an
inductor.

Figure 24. Three phase representation.

Supply

coil

) I

Field
coil [

]O>Orl

Figure 23. Phase angle measurement.
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Up to now, we have considered only
single phase supplies, but the Electricity
Board supplies three phase power to industrial
premises. In a three phase supply the currents
and voltages are separated by 120° and
Figure 24 shows two methods of displaying
these currents.

Blondel's theorem states that if one wire
of a polyphase system can be made common
to all the potential circuits then the number of
wattmeters required to measure the total
power is one less than the number of phases.
Figure 25 shows a three phase delta supply
and the connection arrangements for two
wattmeters to measure the power
consumption.

Before we leave power measurements
we must look at the decibel (one tenth of a
Bel). The Bel s too big a unit for most
applications, and therefore the decibel (dB) is
used.

1
i

I Wattmeter 2

2

AN

—
—J

3

|

<
w
~N
]

1

Wattmeter 1

Figure 25. Measuring Three phase power.

The decibel is a logarithmic power ratio
with reference to a particular power level,
usually 1TmW in a 60012 load or 0.775V across
the same load. A sinusoidal waveform is also
assumed:

dB=10log P,
L

Where P, = output power and P, = reference
power (mW),

Currents and voltages can also be used
provided both the output as well as reference
is across identical resistors. The equations
are:

dB =20log V,

<

dB =20 log

,~l<s—

The logarithms used are all to the base 10
and the human eyes and ears perceive on a
logarithmic scale. That s, a tenfold sound
output will be recognised by the ear as a
doubling in sound power. For instance:

log 10 =1,l0g 100 = 2
March 1987 Maplin Magazins
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Similarly with vision; a tenfold increase in
light intensity will be seen by the eye as a
doubling of brightness.

Decibels are often used in defining the
amplification of a signal through an amplifier,
assuming the input and output impedances
are similar. Another advantage of defining
circuit gain in dB's is that the gain of
successive stages can be added directly. It
was said above that 0.775V is a reference
voltage, therefore any multimeter with a dB
scale will have 0dB aligned with 0.775V on the
voltage scale.

Summary

In Part 3, we saw how potentiometers can
be likened to bridge circuits and a high
accuracy can be obtained by this method of
measurement by comparison. The basic slide
wire can be made more compact by lumping
the resistance into loops. Volt boxes are used
to extend the voltage range and shunt boxes
to extend the current range.

Compact meters are required by
technicians measuring current, voltage and
resistance, both DC and AC. The original
suspension galvanometer has evolved into
the permanent magnet moving coil. Both rely
on one magnetic field reacting against
another. This usually consists of a fixed
permanent magnet and a moving coil which
stretches a spring. Therefore the spring must
be of good quality and linear over its useful
range. Phosphor bronze springs of good
quality and several counter weights to balance
the needle, all make the movement more
refined. Soft iron pole pieces ensure a uniform
magnetic field and incabloc mountings reduce
shock to the movement.

Damping is provided by mechanical or
electromagnetic means. Mechanical damping
is achieved by vanes moving in a chamber,
stiction being provided by air, and
electromagnetic damping by counteractive
eddy currents. Temperature compensation is
done by means of swamping resistors, but the
disadvantage is that a higher applied voltage
is required to give the same deflection.

The basic PMMC range is extended by
series resistors for measuring voltage, or
shunt resistors for measuring current. These
resistors can either be individual or in series. If
they are individual, a make before break
contact is required to protect the meter. The
series arrangement with taps between the
resistors ensures there is always some
resistance in the circuit.

A meter's sensitivity is quoted in terms of
somany ohms per volt. The larger this figure,
then the /ess does the meter load the circuit
under test and alter its behaviour, thereby
producing erroneous results. Of course,
sensitivity is synonymous with quality of
manufacture, so itis only to be expected that
the more ‘transparent’ the instrument appears
to the circuit being tested then the more
expensive itis.

Resistance can be determined by
measuring both the current and voltage, i.e.
the ammeter/voitmeter method. However,
resistance measuring instruments can be
devised, namely the series and shunt
ohmmeters. In the shunt ohmmeter the supply
battery is in circuit all the time, and a switch is
required to disconnect it when not in use. The
series ohmmeter is the type most commonly
used, with zero reading on the right hand side
of the scale and infinity on the left.

So far we have seen that AC meters
require a rectifier to convert the AC into DC, or
some method to measure the heating effect of
the AC. In both instances it is the rms value
that is being measured.

Electrodynamometers pass the same
current through both field and moving coil and
measure the repulsion between the two coils.
An electrostatic voltmeter measures the
deflection between two plates and is
independent of the applied waveform.

Moving iron instruments also work on the
attractiory/repulsion principle and employ
radial or concentric vanes. Although these
instruments are rugged, the accuracy is
limited by the non-linear magnetisation curve.

Rectification can be either fuli-wave or
half-wave and the following relationships
apply: Inc = 0.636L;, Inms = 0.7071, Ipc =
0.91,s and the form factor of a sine wave is
1.11.

The original hot wire instrument has been
replaced by thermojunctions, which are
particularly good at radio frequencies up to
50MHz, and currents up to 3A. Current and
voltage transformers help to extend the range
of AC instruments, as well as isolating the
power line from the measuring instrument.

Power can be measured by using
thermocouples to measure the sum and
difference of the currents squared. In AC
measurements, because of the frequency
involved, loads become reactive and the
voltage is notin phase with the current. One
method of measuring this phase angle or
power factor is with the crossed coils power
factor meter.

Single phase power can be measured
with a wattmeter and three phase power
requires only two wattmeters according to
Blondel's theorem. The currents in a three
phase supply are separated by 120 degrees.

The decibel is a useful unit of power
measurement, since eyes and ears perceive
on a logarithmic scale. The advantage of
measuring circuit gains or losses in dB'’s is
that these can be added or subtracted
conveniently.

Decibel measurements are always with
reference to a particular power level, usually
1mW across 60012, or 0.775V across the
same resistor. A sinusoidal waveform is also
assumed.
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A decibel (dB) is one tenth of a bel
and is a commonly used logarithmic unit
for power, voltage and current gain (or
loss!). Table 1 shows decibel levels of
sound.

Frequency response graphs, such as
those used for microphones and loud
speakers are compressed using a
logarithmic scale expressed in dB, as
large quantities of information can be
represented in a small area in this way.
As an example, a range of sound
intensities in live music can be 70dB or
more, which represents a ratio of
approximately 20 million to 1 (2 x 107:1).
When decibels are used for voltage or
power ratios, 3dB represents a doubling
of audio power. Mathematically, the
‘power’ of a sound wave or pressure and
energy is expressed as:

Electrical Power Ratio:

dB = 10 LOGlo (W/wo)
Where W and W, is the ratio of two
powers.

As sound power is proportional to
sound pressure squared, then:

Voltage Ratio: dB = 10 LOG,, (P/P,)?

by Dave Goodman Part 2

- LA Sere T

In the previous issue,
several terms used in
amplifier specifications
were discussed, along with |
a small amplifier project. 1
This part will look at further
parameters and terms often T

used in specs, and
investigate an amplifier
~ which uses MOSFET 1
technology.

Again, P/P, is the ratio of two pressures. |
Internationally, the accepted |
reference level 0dB corresponds to |
0.0002 microbars, or the approximate |
sound pressure threshold of hearing. The |
ear can accommodate a pressure range |
from 0.0002ub to 200b and possibly the ]
|

or 20 LOG,, (P/P,) | pain threshold (130dB) of 600ub.
|
] s
Decibel Energy Relative Level Pressure ‘
120 10'2 Pain threshold 200ub
110 10" Discos, low level jet aircraft
100 10'° Noisy factory environment 20ub
90 10° Tube trains, city street
80 108 Large orchestra 2ub \ ]
70 107 Inside small car, noisy office !
60 10° Domestic Hi— Fi, radios 0.2ub ,
50 10° Conversation in restaurant
40 10? Library, quiet office 0.02ub ,
30 10° Low conversation |
20 10 Whisper, quiet church 0.002ub |
10 10’ Soundproof room
0 10° Hearing threshold 0.0002ub ;
|

Table 1.
14

Voltage ratios can be expressed in a
similar fashion to power ratios:

dB = ZOLOGIO (VN°)

And resistance ratios:
dB = 10 LOG, (R/Ry)

From these two expressions of V
and R, I (current) ratios can be found
from:

dB = 20 LOG,, (V/V,) + 10 LOG,, (R/R)

Power ratios commonly found in
specifications.

Where W = measured power level,
and W, = reference power level.

10LOG 1 (W + W)
where W + W = 2
where W + Wg = 4
where W + W, = 16
where W = W, = 64
where W + W, = 256

3dB
6dB
12dB
1808
24dB

Voltage ratios where 0dB is
referenced at 0.775mV V). dB = 20
LOG), (V + Vp) where V is the measured
voltage level.

3B WhenV = 1.4V
6dB WhenV =2V
12dB  WhenV =4V
18dB  WhenV =8V
24dB  WhenV =16V
Loudness
This term describes the very

subjective effect that sound waves have
on a listener, and is the listener's
perception to the strength of sound. The
unit of loudness is the ‘phon’ and it refers
to the audible comparison between a
reference sinewave signal of 1kHz and
the signal source under consideration.
The loudness level in phons is then equal
to the reference level when both sound
levels are judged by the listener to be
equally loud. As perception of sound is
essentially personal in apparent level
and frequency, then the term loudness is
subjective in its effect. Loudness or
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contour controls are often found in music
reproduction equipment where very low
speaker output levels suffer in low
frequency content. The use of this control
lifts or enhances bass output or
occasionally treble output and may even
be used to enhance poor speaker
systems.

Noise

Amplifiers and pre-amplifiers
should be able to electrically increase
the amplitude of applied signals with the
minimum of colouration or added sound.
All electrical devices produce noise to a
greater or lesser degree and this effect
can become accumulative. For an
amplifier with a given amplification factor
or gain, measurements are taken at the
output with signal applied and removed;
the two readings are then expressed asa
ratio in dB. Modern CD amplifiers have
an extremely high noise or signal to noise
ratio, whereas tape reproduction systems
and phono players of not too long ago,
had at best 65 to 70dB figures. Tone
control circuits allowing high degrees of
boost (especially treble filters) can often
be heard to produce an audible hiss
when set at maximum. This noise may
well be annoying on its own, but
becomes masked when a music source is
applied.

Expansion and compression
techniques are used to improve system
response to high dynamic range signals,
noise levels are also greatly improved
this way and the method is known as
companding. Digital recording methods
also allow added noise signals to be
analysed and modified or even removed.
As CD systems do not suffer from low
frequency noise introduced from motors,
drive wheels and arm resonances, the
CD amplifier can concentrate on
reproducing signals down to very low
frequencies, and technology has
introduced complex systems for doing
this with extremely low noise levels.

Earth Loops

Looking at the example in Figure 1,
the block diagram represents a
microphone connected to a mic’ pre-
amp. The pre-amp is connected toa
stage mixer which feeds a power
amplifier and loudspeaker. The chassis
symbols arrowed represent ground or
Earthing connections on each of the three
stages. If each of these chassis points are
connected to mains Earth then a separate
return loop is set up, shown by the dotted
area below the circuit. All signal return
circuits have tiny currents flowing and
generally are not a problem, but long
connecting cables between each stage
will accumulate induced noise and hum
as well as adding to the Earth loop. At
best, system signal to noise levels will be
acceptable and at worst, hum will be
amplified by the P.A. One method of
reducing loop problems is to wire the
Earth to a central point and re-connect
other stage Earth points to this as shown
in Figure 2. Return path eddy currents
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Figure 2. Central Earthing.
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2 Wire system
balanced

Figure 3. Balanced system.

will then flow into the central chassis
point without forming a loop.
Loudspeaker return paths should not
be part of any other signal path at all, and
must be taken to appropriate grounding
points on the PSU. On commercial
equipment this may be a problem if their
internal chassis ground cannot be lifted
from Earth by switching, especially as
legal regulations prohibit the removal of
mains Earth from mains operated
equipment. Further loop problems can
be reduced by using low Z balanced
lines for low level signals and short
interconnecting cables, see Figure 3.

Damping Factor

The output source resistance of an
amplifier effects the amount of
electromagnetic damping, at low
frequencies, of a connected
loudspeaker. The lower source
resistance becomes, then the higher
damping effect becomes. For instance,
the damping factor Fd can be roughly
assessed by dividing the normal speaker
load (e.g. 82) R;, by the amplifiers’ source
resistance (e.g. 0.1Q)R giving:

Fd = R = N or 80.

Rs 0.1

Pre-amp Output

stages

Modem amplifiers usually have very
low, even negative, values of Rg and the
damping factor tends to be affected by
speaker connecting leads. Long
connections of thin wire between amp’
and speaker can have quite high
resistance values, thus increasing Rs and
reducing the damping factor Fd. The
effect of low damping factor values is to
allow increased overshoot at the
loudspeakers’ resonant frequency,
producing a booming sound from the
speaker enclosure. Speaker damping is
also affected by enclosure design,
accousting damping material and the
loudspeaker Q factor as well as amplifier
Rg!

A more accurate method to
determine amplifier Fd is by measuring
the change in amplitude of a low
frequency sine wave, at the amp’ speaker
terminals, when a known load is
altermately applied and removed.
Damping factor can then be calculated
from:

\'/

Fd= ——
VI—V

Where V = voltage with load applied.
V, = voltage with load removed.
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As amplitude variations are likely to
be small, accurate voltage measuring
equipment is required.

Ovutput Stage Classes

Class A is most commonly found in
low-power stages where quiescent
current is small. Power output stages
occasionally use class A configurations,
although biasing power transistors for
continuous collector current throughout a
complete signal cycle requires large
heatsinks to prevent thermal run- -a-way.
A simple example of class A use is
shown in Figure 4.

Power output stages often employ
two transistors (or FET’s) in ‘push-pull’.
Here, current decreases in one device
and increases in the other throughout
the signal cycle (see Figure 5) and
voltage, current do not drop to zero. Both
power transistors receive input signals in
phase at each base. Non-complementary
devices, shown in Figure 6, require 180°
out of phase base signals (anti-phase)
and to drive both inputs, a phase splitter
stage is used.

Biasing output stages for Class A
allows a peak output voltage of half the
supply across the output load. Peak load
current will be twice that of quiescent
current and the efficiency:

Class A =
supply volts x quiescent current
2x supply volts x quiescent current
or 50%

x 100%

Class B

This type of output stage has very
little collector current flowing until drive
signals are applied. Collector current will
then flow through one of the output pair,
for half of the signal cycle, while the
other is non-conducting. The procedure
is reversed for the remainder of the
signal cycle. Base biasing is usually set so
that a small amount of collector
(quiescent) current flows in the absence
of any drive signal. Increasing the
quiescent current further, places the
output stage towards Class A and the
term Class AB is used to define this
situation. In practice, Class B causes
current to increase in one of the pair and
decrease through the other until no
current flows in one device, ata
particular time during the drive signal
cycle. This situation being reversed
during the remainder of the cycle. Due to
non-linearity between base/emitter
junctions in transistors, both halves of the
output signal do not reconstitute exactly
and a small step at the cross-over point
develops. This distortion can be severe
at high frequencies, but increasing the
quiescent current through each device
can reduce this effect. Complementary
Class B MOSFET output stages exhibit
this effect as they are not biased like
transistors, due to their high input (gate)
impedance and this is dealt with later on
(see 150W MOSFET Amp). In theory,
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for linear region Uf\
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—%_ Collector
Signal 9 current
l'igm‘ Simple Class KA.
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N Type
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unput ll output
P Typ.
-V J
+V
P Type
slgnal Signal
input ll output *
- —4
N Type

Figure 5. Complementary Push-Pull.
with no quiescent current flowing, the

maximum power is V2 + 8 x LOAD and
efficiency is:

v? 2x7xR
= x
B 8R V'

x 100% or 78.5%

Class D

‘Digital’ amplifiers are becoming
available in Hi-Fi systems, again due to
the increasing popularity of CD. Several

-+

o @ P Type
Signal
input

. ‘g P Type
ye
-V

Figure 6. Push-Pull non-complementary.

¢——=Signal Signal
output I input

manufacturers produce high power Class
D P/A’s for stage use as they offer
extremely high efficiency (90% and
more). The operating principle is entirely
different to the previous types of
amplifier described as audio signals are
converted to variable mark-space ratio
square waves. The output stage
transistors are configured as switches
and are turned on and off by a separate
switching signal, or carrier. The pulse-
width-modulated signal is then sampled

N Type

~ <L

o——Signal
output |
~ N Type

—
-V

Maplin Magazine March 1967



at the appropriate time and a carrier
stepped representation of the original
audio signal is generated.

Switching signals are usually three to
four times the frequency of maximum
audio frequency signals likely to be
amplified, to reduce aliasing effects on
harmonically related sub-tones which
will become audible. The carrier signal is
then removed by suitable low-pass
filtering, leaving a good quality audio
signal without cross-over problems
common to Class B. As switching
principles are used in Class D, wasted
power in the form of heat is reduced and
more power is available to the load.
Therefore, efficiency of these amplifiers
is very high and in theory only, a
maximum of 100% power is available.

100/150W MOSFEY
Avudio Amplifier

The specification is taken from the
standard MOSFET Amp kit (LW51F), also
available in ready-built form (YM27E) for
non-constructors. Figure 7 shows the
circuit diagram of the amplifier module
and Figure 8 details a simple,
unregulated power supply (not available
in kit form at the time of publishing!).

This particular amplifier has been an
extremely good seller for several years
now and its popularity is mainly due to
simplicity and reliability. MOSFETs are
able to take an enormous amount of

Power supply voltage - +50/0/-50 V DC Max.
Supply current quiescent — 50 to 100mA variable

—

Jere | : MS.GCE}

100R s

Supply full load — 3 Amp continuous
— Fused supply, no O/P protection
Power output ratings — 100W rms into 8() continuous
—  180W rms into 4(} continuous
. — 0.01% at 1kHz
Power response —  18Hz to 40kHz
Slewing rate —  20V/us
Damping factor — Fd = 200 (8(2 load)
Input sensitivity — 850mV (2.4V pk/pk) into 47k()
for rated output
» 02 +V
R11 l (*50v Max PSU)
100R .
9
100uF
2S A
1085 ov
R12 | D

TR6
25SK135

R16 #
RESR

1 ]
—br~re—o1 O/P

47uF

R6
1K

oV

C1OI R4 RS
100nFT3K9 3K9

L1
15/20 Turns 418R
10mm Dia
20SWG E/C
Close wind

C7
100nF

R1S ov
4R7 (PSU)

ov

-

c1n

I100uF
- —0 5 -V

Figure 1. 100/150W MOSFET amplifier circuit.
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‘punishment’ and as secondary
breakdown problems are non-existent
they can prove to be superior to bipolar
circuits in an open-ended design such as
this. Both N and P channel MOSFET gates
are of such high impedance that they can
be connected together effectively and
driven from a simple, Class A voltage
amplifier. The only biasing required for
the FETs, which is not really critical, is to
allow a few milliamps of collector current
(via RV1)to charge the gate/source
capacitance internal in the MOSFET.
although this circuit is Class B, setting
RV1 for 50 to 100mA drain current
(measured at the positive supply rail)
gives a Class AB output and cross-over
distortion at higher frequencies can be
reduced by close matching of the FETs,
and possibly increasing quiescent
current.

These particular MOSFET devices
(see Figure 9) can be paralleled with
each other, but several considerations
and precautions must be taken. Their
fairly high input capacitance limits the HF
bandwidth, but, having a high input
impedance, they are prone to internal
oscillation. The gates can easily feed
several megacycles of RF back into the
driver stages, but as feedback is fairly
low, this does not present a problem in
these stages. The problem becomes
noticeable by R15 overheating and
quiescent current increasing. Instability
often cannot be seen on low bandwidth
oscilloscopes or on multimeters, but can
be limited by fitting gate drive resistors
to each device with values between 3300}
to 1kQ}.

Small, low wattage types are just
inductive enough to prevent instability,
but at high peak signal levels small bursts
of RF may appear at the FET cross-over
points, due to a lack of biasing current.
Small polystyrene capacitors of 47pF to
330pF can be fitted between each gate
and source (Figure 9) which discharge at
high frequency and also balance varying
internal capacitances between N and P
type FETs. Connecting devices in
parallel will not allow a higher power
supply voltage to be used, but will allow
higher currents to be delivered into
lower impedance loads (1 to 2(}).
Combinations of 1to 4 FETs can be fitted
in each supply with suitable gate loading
and feedback resistors (0.18 to 0.22(2)
inserted in each Source as shown. Supply
decoupling must be fitted very close to
the Drain pins on each rail, and wiring
between all gates to driver stage (shown
dotted in Figure 7) must be kept short.
Generally a maximum of Scm (2 inch) is
acceptable.

The resistor R16 can be fitted to
damp the coil L1 if ringing on the
waveform becomes noticeable when
driving into very low-Z loads. L1 itself can
have values around 1 to 10.H and its
impedance increases with frequency,
thus preventing excessive HF current
flowing when driving into a short circuit.
Fuses fitted in both supply rails will blow
at low frequency drive into short circuits.
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Figure 9. MOSFETSs in parallel.

Due to their negative temperature
co-efficient, MOSFETs rarely overheat,
under normal conditions, as the drain-
source channel resistance increases with
increasing temperature. At 25 to 30°C
their resistance is just over 1(}, and at
60°C approximately 2.5(), so copious
heatsinking allows higher current flow by
keeping the FET case temperature down.

Finally, PSU's should be capable of
delivering high currents for good
transient response and all wiring, within
the PSU, and from PSU rails to module,
must be kept as short as possible, using
heavy gauge wire. One very good reason
for using torroidal transformers, which
have low magnetic radiation and good
regulation.
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by Dave Goodman

Loudspeakers generally appear to
be simple devices, where electrical
signals are applied to one end with sound
eminating from the other! In fact their
design and application is very complex -
not just a question of ‘bashing up a quick
box’ hoping it will sound O.K.

This series will be featuring the very
latest range of High Fidelity Loud-
speakers in the Maplin catalogue, ex-
plaining manufacturers’ specifications,
and how to use them in your own
designs. In addition, kits in the form of
pre-shaped baffles with speakers, X-
over, etc., will be available to accompany
the series.

The three main drive units available
at this time are:

Bass Driver YN24B

50W Extended Bass YN47B

Fibreglass Driver YN25C

Each unit has a high temperature
aluminium voice coil former allowing
good heat dissipation with very low
distortion characteristics.

The six inch, square bass driver
(YN24B) has a flat diaphram constructed
from microfoam damped polymer foam
that has been sandwiched between
aluminium sheets. This design offers
good vibration control with excellent
spatial dispersion making it ideal for use
with digital recordings (CD). Cabinet

40 litre cabinet.

BASE DRIVER - YN24B

Chassis 150 x 150mm

Baffle 133 x 133mm. Corner radius 20mm §
Fixing 134 x 134mm. Smm clear
Flux Density B) 7800 Gauss

Frequency Response 65Hz - 4kHz

Power Handling 60W peak, 30W RMS
NOM Impedance 8 ohm

Sensitivity 87dB (1W - IM)

Coil Diameter 25mm

Free Air Resonance (Fs) 50Hz +8Hz

Moving Mass (Mmd) 0.0107Kg

Suspension Compliance (Cms) 0.0009

Mechanical Q (Qms) 226

Electrical Q (Qes) 061

Total Q (Qts) 0.48

Equivalent Air Load (Vas) 22 Litres

Effective Surface (Sd)  0.0131m®
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I -] LOUDSPEAKERS AND ENCLOSURES I

mounting is from the outside using the
170mum square plastic trim supplied.

The eight inch extended bass driver
(YN47B) is a more traditional looking unit
constructed with a paper cone and dust
cover, and a foam rolled surround. The
chassis finish is cosmetic, for outside
cabinet mounting and the quality of
reproduction is excellent.

The six and a half inch bass/mid
range driver (YN25C) has a yellow,
varnished fibre glass cone with velbex
dust cover and rolled surround. This unit
has excellent bass response and
superbly defined mid range reprod-
uction, producing a clear, airy overall
sound with a high degree of realism.

o

Designing a System

Loud speaker performance char-
acteristics are of great importance when
looking for optimum performance in a
system. Cabinet dimensions can be
calculated quite accurately for a
particular drive unit, although the final
performance may not always be what the
constructor expects. For instance, a
relatively small (8in.) woofer may require

a 250 lite cabinet for optimum
performance. 250 litres of volume is
approximately 8.83 cubic feet, which if
imagined as a cube would measure over
2 feet high by 2 feet wide by 2 feet deep.
Today’s ‘midi system’ popularity in hi-fi
systems favours the small book case size
cabinet, and it would take some book
case to hold a cabinet of these pro-
portions! Therefore, one must decide on
a cabinet size suitable for the room
available and also the cost and com-
plexity of construction.

For this series, we will be con-
sidering the closed box and ported box
(reflex) type of design only, using the
mathematical models introduced by an
Australian Engineer, A.N. Thiele.
Speaker manufacturers supply data for
use in these calculations, which makes
life a lot easier for the constructor.

A closed box means just that! A
completely sealed and air tight box,
whereas the ported box has a tuned port
which may be a simple hole or slot cut in
the front panel. Closed boxes are usually
smaller in size than reflex types and
much favoured by the system manu-
facturer. They exhibit a gradual roll off or

slope at low frequencies, and particularly
small cabinets can sound lacking in bass.
The ported box is larger in size with
much greater bass response and a more
pronounced cut-off below the tuning
point or resonance. However, such a
cabinet still requires to be designed and
made carefully or it too will have only a
poor performance!

Speaker Parameters
The first step in optimising a cabinet
design requires information based on the
driver specification. Figures 1 and 2
show graphical responses of the square
bass driver calculated from the given
data. On the vertical X axis, Vb is the box
volume shown as both cubic feet and
litres, the horizonal Y axis shows the box
resonance (Fb or Fc), and the —3dB
cut-off frequency (F3). Two plots on each
graph are shown for the free air
resonance frequency (Fs) of 51.5Hz
+8Hz; one curve for 44Hz and the other
for 59Hz. These are however extreme
variations, and random tests on various
samples have produced Fs figures of
44Hz quite consistantly. If an average

50W EXTENDED BASS - YN47B

Chassis 212 x 212mm

Baffle 186mm

Fixing 154 x 154mm. S5mm clear
Flux Density ®) 10000 Gauss
Frequency Response 40Hz - 5kHz

Power Handling S50W peak, 25W RMS
NOM Impedance 8 ohm

Sensitivity 91dB (1W - 1M)

Coil Diameter 25mm

Free Air Resonance (Fs) 42Hz +THz

Moving Mass (Mmd) 0.0122Kg

Suspension Compliance (Cms) 0.0007

Mechanical Q (Qms) 2.57

Electrical Q (Qes) 0.7

Total Q (Qts) 055

Equivalent Air Load (Vas) 42 Litres

Effective Surface (Sd)  0.0196m?

FIBRE GLASS DRIVER - YN25C

Chassis 173 x 173mm

Baffle 145mm

Fixing 124 x 124mm. 5mm clear
Flux Density ®) 13000 Gauss
Frequency Response 35Hz - 5kHz

Power Handling 45W peak, 22W RMS
NOM Impedance 8 ohm

Sensitivity 91dB (1W - IM)

Coil Diameter 25mm

Free Air Resonance (Fs) 44Hz +THz

Moving Mass (Mmd) 0.0114Kg
Suspension Compliance (Cms) 0.00017

Mechanical Q (Qms) 1.01

Electrical Q (Qes) 0.22

Total Q (Qts) 0.18

Equivalent Air Load (Vas) 30 Litres

Effective Surface (Sd)  0.0113m?
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point between both curves is taken, then
from Figure 1:

(1) Box volume Vb = 57 litres
Resonance Fc = 60Hz
Cut off F3 = 80Hz

(2) Box volume Vb = 28 litres
Resonance Fc = 69Hz
Cut off F3 = 76Hz

(3) Box volume Vb = 18 litres
Resonance Fc = 75Hz
Cut off F3 = 75Hz

The smallest practical size of a
closed box for this speaker is just over
0.5 cubic feet internal volume, but as can
be seen, the low frequency response is
not very good. From Figure 2:

(1) Box volume Vb = 57 litres
Resonance Fb = 38Hz
Cut off F3 = 32Hz

(2) Box volume Vb = 28 litres
Resonance Fb = 48Hz
Cut off F3 = 45Hz

(3) Box volume Vb = 14 litres
Resonance Fb = 58Hz
Cut off F3 = 63Hz

Using a tuned port in a 0.5 cubic feet
box extends the low frequency response
below 63Hz, which is a significant
improvement over the closed box. To
realise the full potential of this speaker,
but keeping the cabinet size down, a
ported box of 24 to 40 litres internal
volume is required.

Predetermined equations are used
to calculate box volumes. For a ported
box: Vb = Vas x Qts® x S

Where:

Vas is the equivalent air load.

Qts is the total speaker Q.

S is the peak or dip in response at
resonance (sensitivity).

Vb is the box internal volume.

The S factor is related to active port
surface area in a reflex cabinet, which
determines the amount of increase or
decrease in output at resonance. Values
of S range from 4 to 16 where, S = 4 is
—3dB down and S = 16 is +3dB up at the
cabinet/driver resonant point (Fb). As an
example of determining the effect of S in
designs, a value of 8 offers a relatively
flat response at Fb with smooth roll off to
F3. As a matter of interest classical music
tends to favour a slight drop in output at
Fb, S = 5.7 (approx. 1dB down), and pop
music = 11 (approx. 1dB up).

Using data from the Bass Driver
specification and S = 5.7 in the equation
as follows:

Vas = 22 litres

Qts = 0.48

S =57
Vb = 22 x 0.48% x 5.7 i.e. Vb = 28 litres.
With S = 8:

Vb = 22 x 0.48% x 8 i.e. Vb = 40 litres.
With S = 11:

Vb = 22 x 0482 x 11 i.e. Vb = 85 litres.
March 18987 Maplin Magazine
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Figure 2. Bass Driver vented cabinet response graph.

A larger box could be designed in
this way, but then the driver will be
under-damped, thus reducing its power
handling capabilities. Similarly, smaller
boxes will over-damp the driver, thus
lifting the Fb with subsequent loss of bass
output.

With values of S equal to eight, Vb is
the optimum value. Cabinet resonance
can be calculated from Fb = (0.39 x
Fs)/Qt and the —3dB cut-off point by
squaring Fs, multiplying this by Fs
squared, dividing the result by Vb and
finding the square root of the total, i.e.

F3 = Vas x Fs?
Vb

Therefore, for Qts = 0.48, Fs = 44Hz and
Vb = 40 litres:

Fb = (0.39 x 44)/0.48 i.e. Fb = 36Hz

.
F3 = \/22"“ ie. F3 = 32Hz

The next step is to find port
dimensions to suit Vb and Fb by
referring to Figure 3 and 4 for tube length
and diameters.

Each of the curves represents a
different cabinet volume, Vb, and cabinet
resonance, Fb, is on the vertical X axis. If
a line is drawn horizontally from Fb =
40Hz to a point between both 28 litre and
43 litre curves, corresponding to Vb = 40
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I 1] LOUDSPEAKERS AND ENCLOSURES I

lites, then tube lengths can be read
along the horizontal scale. Either 50mm
internal diameter or 75mm internal
diameter tubes are suitable for use as a
port on low volume systems and for this
design a 50mm(d) x 63mm(l) or 75mm(d)
x 167mm(l) tube is called for. Larger
diameter tubes are always longer in
length and may be too long to fit inside
the cabinet. When this happens with a
75mm tube, the 50mm tube used instead
will be shorter for the required
resonance. At extremely low freq-
uencies, or when speaker/cabinet design
offers a high SPL (output sensitivity), air
movement through the tube can produce
a chuffing noise which can be very
disturbing. Always try to use the largest
port possible ensuring a clearance
between inside back panel to tube of at
least 75 to 100mm.

Cabinet Dimensions

Producing an enclosure that adds to
the sound from a loud-speaker is to be
avoided, or kept to an absolute minimum.
Any added resonances will ‘colour’ and
distort the original sound. A cabinet
made from thin materials will audibly
vibrate and absorb low frequency
energy, to the detriment of bass
response. The enclosure shape can also
affect performance by Ilumping air
resonances at different frequencies and
from sound energy reflecting off internal
wall panels through the speaker cone.
Designing an enclosure with non-parallel
walls minimises internal reflection
problems, but is extremely difficult to
build. The finished triangular cabinet
shape may also look like anything but a
speaker system!

To keep construction simple with
the minimum of panel resonances and
reflections, heavy duty or industrial
grade chipboard of 19mm (3/4 inch)
thickness is best employed. Flakey
chipboard that looks like a slab of
compacted straw should be avoided.
Each of the three cabinet dimensions
have a relationship in the ratio of 1: 1.6 :
2.3, thus ensuring that no side is an exact
multiple of any other and thereby
spreading resonances instead of lumping
them. Figure 5 shows Vb (the internal
volume) three dimensionally as (w)idth 1,
(d)epth 1.6, and (h)eight 2.3. With volume
Vb = 40 litres (40,000cc) the equation
used for calculating each dimension is
the third root (cube) of Vb divided by the
ratio product, and multiplied by each
side ratio in turn.

Thus from 3\/Vb/(ratio prsdlic{) we get:

w= 3\/;0;00/(i x16x23) x1
d = 3V/40000/(1 x 1.6 x 2.3) x 1.6

h = 3V/40000/(1 x 1.6 x 2.3) x 2.3

Therefore: w = 22.15cm, d = 35.44cm, h
= 50.95cm.

22

SO0mm internal tube dia.

70
65 t28Litre

|
40t Es e~

35
T 113
30 Litre |
25
20 &Gsmm ’
(o] + $ $ . + $ $ } —+
12 25 50 75 100 125 150 175 200 ‘

Length of tube {mm)

Figure 3. 50mm I/D tube length graph.

- . S |
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1001
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43 Litre [
60 T571L)¢re
Hz 50 ¢ .
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201 l
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Figure 4. 75Smm U'D tube length graph.
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I 1] LOUDSPEAKERS AND ENCLOSURES I

If these dimensions are simplified to
integers, then cabinet internal sizes are w
= 23cm, d = 35cm, h = S0cm. The
volume Vb is now 40,250cc or 40.25 litres,
a small increase of 0.6%.

For Vb = 23 litres (23,000cc),
w = 18cm, d = 29cm, h = 42cm.

Construction

It must be stressed that calculations
used in this article are based on
theoretical principles and do not
necessarily reflect the perfect design. In
practice, parameters like volume are
reduced by speaker metalwork, cross-
over modules, bracing, port tube vol-
umes and stuffing material Jointing
methods affect volume and all of these
factors should be considered before
cutting any panels. In this particular
design, the 40 litre Vb figure allows for
approximately 5% over volume to
accomodate the extras. Butt joints should
be used for assembling panels, fixing
with white wood glue and 1.5 inch
chipboard screws.

Only a front baffle is supplied in
these kits so the constructor must
arrange to have five side/back panels
made to the cutting lists shown. Most
timber suppliers have facilities for cutting
chipboard quite accurately to customer
requirements and the material costs
should not be very high.

Inside the 40 litre cabinet and front baffle layout.
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Figure 5. Relationship between width, depth and height.
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Figure 6. 40 Litre cabinet panels.
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23 LITRE CABINET

1T

| 420 Back .
panel l._aze__..q Y

5

L—290——1 J.: Base
L panel

| I‘—aze—e-{
| -
¥ 2
2E LHS Panel .
le— 420 —] :',‘.
| <
¥ K.
228 3 ?
| RHS Panel {
| + P

-

| le— 420 — ]

‘ DIMENSIONS : In mm.
MATERIAL : High density
chip board
199mm thick.
FRAME : 15mm square, |
prepared
| soft wood.

23 litre cabinet front baffle.

Figure 7. 23 Litre cabinet panels.
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Inside the 23 litre cabinet.
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— ! _— S — _—

CUTTING LIST (40 LITRE CABINET)

Material : High Density Chipboard 19mm thick |

1
| Do NOT |
apply adhesive |

|

| AN N ,ﬁ"/ to back panel
| N butts )] Back Panel : 1 off - 500mm x 230mm
| N \ , ‘ (2 & 3) Side Panels : 2 off - 500mm x 388mm
[ q\ N (4 &5) End Panels : 2 off - 268mm x 388mm
D - Maternal :_Soft wood 15Smm square prepared.
LY (6 & 7) Hor. Frame : 2 off - 200mm long
N (8 &9) Vert. Frame : 2 off - 500mm long
N\ ® M RESIN ‘W’ wood adhesive.
S H 38mm (1.5") No.8 chipboard screws.
\ 25mm wire nails.
\ & - o ] ]
xk\ \ i I N o |
ar 4' AN
| [, \ ‘ CUTTING LIST (23 LITRE CABINET)
| 4 N 3 Material : High Density Chipboard 19mm thick
| \ (1) Back Panel : 1 off - 420mm x 290mm
| N (2 & 3) Side Panels : 2 off - 420mm x 228mm
T ¥ 4 (4 & 5) End Panels : 2 off - 228mm x 328mm l
| to butt ends (\\\ \\ Material : Soft wood 15mm square prepared.
| NIES (6 & 7) Hor. Frame : 2 off - 260mm long
[ N 14 (8 & 9) Vert. Frame : 2 off - 420mm long
! \Scrows:- 1/2 X No.8
f CSK, chipboard RESIN ‘W’ wood adhesive. ‘
as required. 38mm (1.5") No.8 chipboard screws. 1

19mm or 3/4in. chipboard is a
common variety and dimensions given Top panel [
are based on this. If thinner or thicker
board is used then change the end panel
(268mm - 40 litre, 328mm - 23 litre) size
accordingly. See Figure 6 and Figure 7.

Figure 8 shows assembly details for
the panels. Either large ‘sash’ clamps or
chipboard screws can be used for
holding panels together while the glue
dries, but do not apply glue to the back
panel (1). The use of screws is not
recommended on pre-finished or lam-
inated panels unless screw heads appeal
to the constructor! Also note that plastic
laminated edges butting up together

Back
panel

cannot be glued successfully, although |

wood veneer will be O.K. On side panels

(2) & (3), drill 5 clearance size holes along ‘

the front edge only, approximately Smm

in from the edge, and counter sink each 10W 3Vsin. Mid-range Speaker

hole. Apply a liberal amount of glue to A mid-range loudspeaker with ferro-fluid cooled
the long edge of the front baffle on the voice coil for increased power handling, and an

right hand side and offer up panel (3). | enclosed steel chassis, requiring no special enclosure
Insert screws and repeat the procedure and can be fitted directly in bass speaker's cabinet.
for panel (2). Temporarily place back The speaker has a paper cone and dust cover witha
panel (1) between the side panels to pleated paper surround.

space them apart evenly and tighten all Specification

screws. Remove excess glue exuding Phux density . 9500 Gauss

from the front joints with a damp cloth Frequency response *: BOOHz - 12kHz

and while the assembly is drying, drill h Enclosure type : Infinate baffle

and counter sink end panels (4) & (5) as Bower ning : g:@ Lickiz (DIN 48673)

before. Do not drill along the back edge, Impedance 80

only along the front and sides. Apply Coil diameter : 16.6mm

glue to the assembled side and front gu:l.' 3 “’melln R

panels along the top edges, but not the | cenires : x70mm, 4.5mm

back panel and offer up panel (4). Fit all o it U R Lo

sctews and remove the back panel (infinate baffle enclosure)

which may now need cleaning, and wipe Acoustic response : 91dB (1W @ Im)

away excess glue from all but joints. Turn

the assembly over and fit panel (5) as Order As YP13P (70W 3Yin. Speaker) Price £7.95
before. Figure 9 shows a completed 2 . .

cabinet. | S VT,
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6

M E——
fife 1L
/ A Back
19 X 19 panel
/ frame
15 8 9 15 work
Wire nails Mat.erial'
15mm sq.
prepared
l LA J-(=701

l Rear view of
cabinet showing to outside
15mm square

wood frame work.

Apply adhesive

surfaces and
4 butt joints.

19 mm recess

for back pane
fitting.

® For 15mm sq. prepared (40 Litre CAB)
2 X 200mm long horizontals.
2 X 500mm long verticals.
Total 1400mm(140cm).

# For 15mm s8q. prepared (23 Litre CAB)
2 X 260mm long horizontals.
2X 420mm long verticals
Total 1360mm (136cm).

Figure 10. Back panel framework.

Figure 10 shows a simple wood
framework which is glued and pinned
inside the cabinet, and holds the back
panel (1) in place. Both longer (8 & 9)
verticals are the same length as panels (2
& 3) but horizontals (6 & 7) must be cut to
lengths determined by their thickness.
Dimensions given are for 15Smm square
prepared and should be the thinnest
material used; thicker material will mean
shorter lengths for (6 & 7) accordingly.

Draw a reference line inside the
cabinet either 19mm in from the back
edges or to suit the back panel thickness.
Glue both verticals (8 & 9) to this
reference line and use wire nails to hold
in position. Do the same for (6 & 7)
spreading glue over each cut end. Wipe
away any excess glue and re-measure
the recess between frame and panel
edges, make any adjustments to ensure
the frame is square.

Baffle Mountings

Figure 11 shows the port tube fitted
in the baffle hole cut-out below the
square woofer. Spread a thin layer of
glue around the inside of the baffle port
hole and insert the tube from behind. Run
a thin filler of glue around the tube on the
ingide face of the baffle keeping the tube
flush with the front face and leave to dry.

Before mounting loudspeakers, sol-
der connecting wires to each +V and
—V terminal on all units; this can be an
awkward job to do with the speakers in
place! Insert speakers into the baffle
from the front and secure with 4BA x 1.5"
bolts, shakeproof washers and 4BA nuts.

40 Litve Baffle -
3-Way System

Refer to Figure 12. Fit the
rectangular tweeter FD95D into the

26

topmost position and the mid-range
speaker YPI3P into the centre hole. Fit
the bass driver YN24B into the square
cut-out position. and mount the plastic
trim cover over the top. Be careful not to
force any cones during installation and
take precautions while tightening up with
a screwdriver. It may be found advisable
to cover the speakers with thick card
whilst doing this, just in case the
screwdriver should slip!

23 Litve Baffle -
2-Way System

Refer to Figure 12. Fit the dome
tweeter YN43W into the topmost position
and insert the bass driver YN24B into the
square cut-out. Mount the plastic trim
cover over the top and follow the same
precautions during installation as before.
If required, a protective grille can be
fitted over the dome tweeter to prevent
dust and damage from spoiling its
performance. The dome is very soft and
sticky by design and should not be
handled. To fit the grille, very carefully
remove all 4 star-head screws, place the
grille over the hole positions and replace
the screws.

Cross Over and Wiring

When wiring speakers to the
crossover module, use a separate cable
pair to each unit, connecting terminal ‘W’
to bass speaker positive, ‘T" to tweeter
positive, and if used,'M' to mid-range
positive. The positive terminal on each
speaker will be marked either by a red
dot or a + symbol stamped into the
plastic housing. Speaker negative or
return cables should be terminated to the
crossover module terminals marked ‘C.

On the 2-way module only, it is
necessary to remove the bass speaker

Fit tube
in hole
from here

Front — Glue tube
batfle in baffle
hole
cut out
AW W W W W W WA WA N
Tube
A ASSISS SIS S
>
Plastic //
tube flush |/
with front
tface
Base
panel

Figure 11. Fitting the port tube.

by-pass capacitor. This component is not
marked, but can be identified by placing
the module with input terminals ‘IN° and
‘C’ facing to the left and output terminals
‘N, ‘C’' and ‘T" facing to the right. The
capacitor to be removed is then the
bottom one which is soldered to the track
areas marked with a ‘W' and ‘C’ on the
copper side. De-solder both capacitor
leads and remove carefully. If required,
the capacitor can be left in position, but
this has the effect of emphasising the
mid-range response on the bass speaker
which sounds quite raucous in this
particular set-up.

Cabinet Wadding

Cut five pieces of fibre wadding to
fit inside the cabinet and fix to the walls
with adhesive. Both sides, top and bottom
panels and the back panel should be
covered, but not the baffle panel. Keep
the port tube clear of any obstructions
and do not cover the crossover module.
Depending on where the module is fitted
in the cabinet, cut out a section of
wadding so that it fits around the module
and not over it. Also, allow clearance for
the wood frame when cutting the back
panel piece; the wadding should not be
sandwiched in the recess when the panel
is screwed in place.

Finally drill a small hole in the back
panel for the connecting cable to your
amplifier. If the speaker is to be sited
some distance from the amplifier, then
use a fairly thick cable, such as 2-wire
mains cable, and not the thin bell-flex
variety. On the input side of the
crossover module, ‘IN' is the positive
terminal and ‘C’ the return terminal.
Ensure correct polarity connections to
the amplifier on stereo speakers, to keep
speakers in phase with each other. If you
are not sure about polarity, connect a

Maplin Magazine March 1987
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14
4 BAx1'y; 4BA nuts
‘ bolts 2 & ‘ "H’E
*
. T 4BA shake
| FD95D 3 washers
B=-- - 40 Litre
V] | cabinet
3 way
#— .T system
| SEE
NOTE 1 -C
o +M

1.Mid range speaker
not titted on
23 litre baffle,

‘ Note

2.Two way x-over —h_ x-over
| fitted on 3 way
23 litre system. w SEE NOTE2
YN24B |
, 23 Litre
—%— cabinet @
/ 2 way
Trim [/ system
A
40 LITRE BAFFLE Tube \
7% 4
Balfle—e)/
%
Figure 12. Baffle mounting. . S Figure 13. 40 and 23 Litre cabinets.
L5V battery with positive to ‘IN' and . \ . S
negative to ‘C’ on the module. The woofer o !
cone-panel should pop outward, if not 23 Litre Cab, 2-Way System, Reflex Port
then the polarity is incorrect and the Cross Over 2.75kHz (Modified)
woofer (or crossover) wiring should be | Power Rating S0W peak, 25W RMS Continuous Sine Wave
reversed. Figure 13 shows the two types Maximum Signal 40V peak, 14.2V RMS Sine Wave
of cabinet discussed in this article. Frequency Response S0Hz to 16kHz, 4dB peak at 60Hz
Amplifiers vary in their power Impedance 80
output specifications and often ‘MIDI
systems rated at 40 Watts per channel 40 Litre Cab, 3-Way System, Reflex Port l
refer to peak output power. Both of these Cross Over : 1kHz and 6kHz, —6dB ) )
designs have a 50W peak continuous Power Rating S50W peak, 25W RMS Continuous Sine Wave ‘
sine wave rating which should be ‘ Maximum Signal 40V peak, 14.2V RMS Sine Wave
adequate for most domestic listening |  Frequency Response 45Hz to 23kHz ‘
environments. || Impedance 8()
23 LITRE CABINET 40 LITRE CABINET
PARTS LIST PARTS LIST
MISCELLANEOUS MISCELLANEOUS
Hi—Fi Bass Driver 1 (YN24B) Hi—Fi Bass Driver 1 (YN24B)
Hi—Fi Dome Tweeter 1 (YN43W) J0W 3V%in. Mid-range Speaker 1 (YP13P)
Dome Tweeter Grille 1 (FDG3B) Mini Dome Tweeter Rectangular 1. (FDS8D)
Plastic Tube (130 x 88mm O/D) 1 (YP18R) Plastic Tube (180 x 66mm O/D) 1 (YP14Q)
2-way Crossover 1 (WF02C) 3-way Crossover 1 (WFO03D)
Baffle 2W23L 1 (XJOSK) Baffle IW40L 1 xosn
4BA x 1%in. Bolt 1Pkt (LRB2G) 4BA x 1¥dn Bolt 2 Pkts (LRS2G)
4BA Nut 1Pkt (BFITD) 4BA Nut 3Pkts (BFITT)
4BA Shake Washer 1Pkt (BF2SC) 4BA Shake Washer 2Pkts (BF25C)
No.4 Self Tap Screw x Yain. 1Pkt (BFSW) No.4 Self Tap Screw x Viin. 1Pkt (BFGEW)
Loudspeaker Wadding 2 Mtre (RY00G) Loudspeaker Wadding 3 Mtre (RY00G)
Loudspeaker Cable 1 Mtre (XR72P) Loudspeaker Cable 2 Mtre (XR73P)
A kit of parts ig available:

A kit of parts is available:

Order As LM21X (23 Litre Cabinet Kit) Price £29.95
The following are also available separately, but are not

shown in the 1987 catalogue:

Plastic Tube 130 Order As YP1SR Price 48p
Baffle 2W23L Order As XJ0SK Price £2.15

March 1987 Maplin Magazine

Order As LM20W (40 Litre Cabinet Kit) Price £35.95
The following are also available separately, but are not
shown in the 1987 catalogue:
70W 3%in. Mid-range Speaker Order As YP13P Price £7.95
Plastic Tube 180 Order As YP14Q Price 60p
Baffle 3W40L Order As XJ08J Price £2.95
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Infroduction

The Maplin Z80 CPU card which was
published in Issue 15 of ‘Electronics’
offers an inexpensive way to get to grips
with computerised control systems for
those who can write their own control
programs and put them into an EPROM.
The provision for 8K of on-board memory
is generous for such applications, and
input/output decoding for peripheral
chips is also provided. Unfortunately the
module is totally devoid of any kind of
resident software and is completely
inaccessible to the ‘user’ in its basic form.
Provision is made for a keyboard to be
added however, the suggested device is
the 8279 programmable keyboard/
display interface IC, which can look after
a variety of input sources (keypads, full

keyboards, sensor arrays, etc.) and can
control up to sixteen 7-segment displays
if required. Thus, it is obviously possible
to produce a small computer which can
be programmed directly from a HEX
keypad, with a 7-segment display to
monitor addresses, status and data, both
in and out.

In the design presented here, there
are eight 7-segment displays, from left to
right, the first four form the ‘address
field’, the next two the ‘status field’ and
the two on the right, the ‘data field’. What
is needed to achieve this simple object-
ive is the module described here, a
monitor resident in EPROM (which has
been developed and is available - see
Parts List), and some knowledge of Z80

machine code or the desire to acquire it,
which can be assisted by my current
series on the subject.

Note that it is advisable to obtain a
copy of Issue 15 of ‘Electronics’ to be
sure exactly what is provided in the Z80
CPU kit and what is otherwise ‘optional’.

The Keyboard
Display Circuit
The circuit is shown in Figure 1, and
is quite straightforward, largely due to
the built-in sophistication of the 8279 IC.
The display is multiplexed at a rate
determined by the system clock and a
control word sent by the monitor. As a
result, a binary counter output appears

'_ ™
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on the scan lines SLO-SL2, which is
applied to both 74LS138 3-8 line de-
coders, IC2 and IC3. The eight output
lines of IC2 drive the bases of driver
transistors TR1-8, which are PNP types
since common-anode displays are used.
The ULN2803A, IC], is an octal inverting
buffer, that can sink more than enough
current for the 7-segment displays. Its
input is a set of eight data lines A0-A3,
B0-B3 from the 8279 internal display
RAM. The 221} resistors, R1-R8, limit the
segment current to a value that will
ensure reliability and long life for the
displays.

The keypad consists of a 16-key
HEX matrix and, to obtain additional
functions, a further key, CTRL, is pro-
vided. This, used together with any other
key, allows up to 16 control functions.
Some of these are used in the system
monitor, described later. The keypad
returns four lines RLO-RL3, plus CTRL, to
the 8279, which scans them to detect a
key press and to identify its position in
the matrix. It then sends an ‘interrupt’
signal to the Z80, to initiate a ‘read
keyboard input’ routine.

30

fDYiT?DYETTDYETTDY‘PTYDYSTTDYE on7hoya

ITYYY [ 2YYY

LAl o

XYY LI YY)

beooolédooe

1.1

dooooldd0ee

1.0 |

1

]

s TRB

TRA QG TR2JTR3 § TR+ $TRS ATRE TR7
EHEIREIRIBIENE
E E E
RE—T. o ® 1 ® ® .
3
o o | o | o |
549 sS4 s2 53 Sy =
(o]
RsT. % ® 5 . d . !
7
[ = - o T
s 48 55 sSB 57 | 58 o
T u
® o C 3 ® z
CNTRL]| B l =] l ._J B . :
@ sB s42 Sha 542 o
t <
47
b
o o o o
F
- o o ®
543 S44 sS45 5465 °
with the chips in place but no supply
onstruction
d connected.
and Testing When the CPU and keyboard/dis-

No problems should be encountered
provided that you negotiate the usual
hazards of dry joints, bridged tracks,
wrong polarity for IC's and transistors,
etc. Refer to Figure 2 for assembly and
afterwards carry out a visual examination
for such defects and check with a meter
for shorts across the supply. Some
resistance checks with the power off will
give an indication whether all is well or
not. Where there are semiconductors in
circuit, the reading will be different
depending upon which way round the
meter leads are applied to the circuit.

For example, a measurement be-
tween the 0V line and any of the lines AQ-
A3, B0-B3 should show high resistance
one way and approximately 22() the
other way. Similar results should be
obtained between 0V and the lines SLO-
SL2, but RLO-RL3 to 0V should show open
circuit until a key is pressed, when the
results are much the same as for the
others.

These are all static tests, carried out

play modules are connected together (a
suitable cableform is available and its
pin-outs are shown in Figure 3), and
power is applied, the Z80 sends clock
pulses to the 8279 IC which then
generates the scan voltages on SLO-SL2.
These can be detected by using a logic
probe in the ‘pulse’ mode. Naturally, on
power-up the display could show almost
anything, unless the monitor ROM is
fitted, in which case, if all is well, you'll
see eight dots to tell you that the
monitor's running. Pulse trains should
also be found on pins 7, 9-15 inclusive of
IC2 (and hence on the bases of TR1-8),
and on pins 12-15 of IC3.

Pressing a key in any of the four
vertical rows causes pulses to appear on
RLO-RL3 respectively. Both CTRL and
RESET should send logic low to the CPU
card when pressed. To avoid the
embarrassment of accidentally resetting
the computer, two Reset Keys are
provided, which have to be pressed at
the same time to force a reset.
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The Monitor EPROM

A simple monitor occupies rather
less than half of a 2716 EPROM and
provides the following facilities:

(a) Access to any memory location to
examine and/or modify data,

(b) Step backwards or forwards through
memory to examine, edit or enter
program data,

(c)Run a program from a given start
location.

No sophistication is claimed for the
monitor, but it is easy to use with a little
practice. It operates as follows.

On power up, eight dots appear on
the display to indicate that the monitor is
running. Now press CTRL-A. CTRL-A
means ‘CTRL key plus A key, press
down together. OA now appears in the
‘status field’ to indicate ‘address mode’.
Type in an address, which you'll notice
goes into the display in ‘typewriter
mode, ie. left entry. If you now enter
CTRL-D, the status field changes to Od
(data mode), though the dots remain in
the data field. However, anything typed
on the keypad now will appear in the
data field and is entered into memory at
the location stated in the address field.
Entering CTRL-F takes you forward to
the next location, while CTRL-B takes you
back to the previous location. CTRL-F
and CTRL-B only operate in data mode
and always refresh the display, in other
words, an address must be entered first
before you can move forward or back-
ward from that location. You can use this
facility to only examine or edit memory
rather than entering a program. Instead
of typing in the actual start address, type
in the one ‘before it’; enter data mode and
then use CTRL-F. This takes you to the
location you want and brings up the data
actually at that location on the display.
Now as you step forward or back through
memory, you will have a simultaneous
display of memory and data. You can
look anywhere in ROM or RAM in this
way. CTRL-A and CTRL-D allow you to
‘toggle’ back and forth between the two
modes, so you can nip about in memory
quite niftily.

RESISTORS: All 0.6W 1% Metal Film

R1-8 220

Ro-16 4700

TRI1-8 BC3a7

IC1 ULN2803A

Ica3 7415138

DY1-8 7-segment Display

MISCELLANEOUS .
Hex Keypad PCB

81-19 Keyboard Switch
Veropins 2145
Keytop 1 Position
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Figure 3. Connections to Z80 CPU.

Note that the data display is only
refreshed by CTRL-F or CTRL-B, which
means that whenever you toggle back to
‘data’ mode from ‘address’ mode the data
shown is arbitrary. To see the correct
data at the new location, type CTRL-F
followed by CTRL-B (or vice-versa).

R

Thereafter, any memory locations
examined by use of either of the latter
control keys is correct.

To run a program that you have
entered, type CTRL-E and OE appears in
the status field. Enter the start address of
the program, and operate CTRL-C. The
program will now run and eight dashes
on’ the display is the sign that it is doing
so. If you put a HALT instruction at the
end of your program, it will wait and you
can then leave the program by using the
‘reset’ keys, which will take you back into
the monitor. This, of course, allows you to
examine any memory locations that
might have been modified by the
program simply by re-entering the seq-
uence via CTRL-A.

Scratchpad RAM

As with all monitors, this one
requires a small amount of RAM for its
own use. This it uses for the storage of
variables and also as a ‘stack’ during the
running of certain monitor routines. The
monitor ROM occupies the addresses
&0000 to &0TFF; the following area of the
memory map is normally occupied by
RAM, starting at address &0800. The
monitor claims the bytes from &0800 to
&08SF for its scratchpad. This means that
the lowest address at which user prog-
rams should be stored is &0860.

Summary of Control Functions
Status
Command Code Mode & Action
[ Power-on 8 dots Monitor ready
Reset 8 dots Monitor ready J
CTRL A 0A Address mode. Enter address.
[ CTRLD od Data entry mode, following Address mode
' only. Enter data. ‘.
CTRL F 0d Step forward one location and refresh ‘
display. Data mode only. l
CTRL B 0b Step backward one location and refresh \
display. Data mode only.
[ CTRLE OE Enter start address of program to execute.
‘ CTRL C 8 dashes Execute program.
Keytop 2 Position 1
DIL socket 16-pin 2 (BL1SV)
DIL socket 18-pin 1 (HQ76H)
Constructor’s Guide 1 (XH79L)
8 (M22R) OPTIONAL
8 (M470R) PL1 Keypad Cableform 1 (FP83T)
EPROM 2716/M12 1 * (UHBTU)
8 (QBBEW)
; (QY78L) A complete kit of all parts, excluding optional items,
8 m‘ TFB3H) is available for this project:
Order As LM18U (Z80 Hex Keypad Kit) Price £34.95
The following items included in the above kit list are also
1 ¢ available separately, but are not shown in the 1987 catalogue:
19 millmﬂ T) Keypad PCB Order As GD40T Price £11.95
1Pkt (FL24B) Keypad Cableform Order As FP63T Price £3.95
(FF625) EPROM 2716/M12 Order As UHSTU Price £9.95
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The price changes shown in this list are valid from 16th February 1387 to Sth May 1987. Prices charged will be those ruling on the day of despatch.

For further details please see ‘Prices’ on catalogue page 18.

Price Changes

Although prices have been heid some items have been discontinued since the publication

of the 1987 catalogue and these are listed below.

A complete Price List is also available free of charge — order as XF08J.

Key
DIS Discontinued.
1987 VAT
Catalogue Inclusive
Page No. Price
AERIALS
34
xm Mushkdler FM 1087 £29.45
Page 38
IXQBIR  MastE £1.45
$X082S Mam G £10.95
| BOOKS
| Page50
RQ22Y  Book NB245 £0.96NV
WAMX  Understanding Auto Elec....... TEMP
Page 52
WP20F  Dota Communicetions. DIS
AHISQ  Book BP202 Jun 87
Page 53
| WA1IM Ti Voltsge Regulator oIS
57
XWOSW Book BP79 [
| 58
AHISU Book BP24 DIS
AB24B Book BP224 JUN 87
| RLA4X  Book BPSS JUN 87
| [ ]
XWE3E  Book AGS12 oIS
RB280 Book BP228 JUN 87
63
RHIZTE  Book BP34 JUN®?
Page 84
WK29G Simpie Interface Bk Dis
Page 68
WA4IU Advanced 8502 |Face [
| WM260 Disc Drives DIS
| Page68
WKS1C 280 Machine Code oIS
67
WAS4U Learn Pascal Frm Bac. DIS
WX30G  Exploring Forth DIs
33

1987

Catalogue

Page No.
Page 68
XWe80Q Book HD762
WKD4E BBC Micro Book
WP23A BSC Micro RDM Book
WP32K Amstrad User Guide

Page 70

WMAOT Master 2X Microdrive

WWM73Q Lang of Dray 8000... ..
WM3BP Dric Atmos Mach Code
Page 71
RS rmmpeee
BOXES

*XY80Q Consoie 108
Page 81
RYDAE ring Cloth 50n
NYOSF  Covering Cloth 25in.
CAPACITORS
P L
FB7SL  Axial 680 uF 40V,
COMMUNICATIONS
Page 102

YMS4C Hsadphone Radio
Page 108
FVESE  Telephone Buzzer
COMPUTERS
Page 107

IXGB4U  Green Monitor
CONNECTORS
Page 129

| wBKSIF PC Edgconn 220 wey.

VAT

Inclusive

Price
DIS
DIS
DIS
DIs
oIS
NS
DIS
DIS

£15.96

Dis

TEMP Temporarily unobtainable.
FEB Out of stock; new stock expected in month shown.
$ An additional £5.50 carriage charge must be added.
NV Indicates that item is zero rated for VAT purposes.
* See ‘Amendments To Catalogue’. Note that not all items that require
amendments are shown in this list.
1987 VAT 1987 VAT
Catalogue Inclusive Catalogue Inclusive
Page No. Price Page No. Price
ELECTRICAL ACCESSORIES Page 329
Page 142 ﬂ;nm TAHCAIS1 €110
'age 368
WYZ3A Progremmabla Timer DIS QvieP  LMISIN DIS
P, 370
HEATHKIT o 2 an
Page 164 *UH3BP  ICL7873 25
R
r
o SPEAKERS & SOUNDERS
MUSICAL & EFFECTS Page 397
P 196 FMN ‘&;nny H/Phone Adspt Dis
AFS0Q  Equalser GX38 DiIs | age
106 APEL R Spaavar Syomarn o BIe
X8  6.Equaliser DIS Page 403
Page 187 | vusa Watbracket, DIS
XBIW Echo Chamber DIs YLIeS 9 Wallbracket oIS
LBETX Echa Chember Tape. oIS p.’. 410
#wFHE2A  Pross Toe SPOT .£200
OPTO-ELECTRICAL Page 413
Page 191 BWISA Latchbush Blue DIs
XY7IN  Caravan Lemp DIS
YB29G Spot Hoider DIS TEST GEAR
RECORD, TAPE & VIDEO Page 433
Page 283 Doee Eromcnati e
| *FVISA I;W Cisenr Fuid 0p
| mBo1E  Cossette Fast Winder DIS WOUND COMPONENTS
Page 457
RESISTORS #LYDIO  Tr 1OVA 18V. £4.23
Page 203 *WBISR Min Tr 15V 0%
*UHISA  Vn Encl Preset 47 2p
MISCELLANEOUS
SEMICONDUCTORS p .84
Page 298 | wFTS0H  UMF Modulstor UM1233 €488
avieP  LMIeSIN .DIS *BKSSW UM1288 Modulator... £598
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ONLY £3.40

FOR A WHOLE YEAR’S SUBSCRIPTION
TO ‘ELECTRONICS - THE MAPLIN MAGAZINFE’

% Every issue sent to you as soon as it’s printed, post free.

% Packed with interesting and novel projects that you can
build with all components easily obtainable.

% Many features on electronics subjects to keep you up-to-
date with latest developments.

% More pages to read than monthly magazines.

% And much, much cheaper too. Many of the monthlies are
now £1 or more per issue!

BUYING A SUBSCRIPTION IS THE
BEST WAY TO BUY ‘ELECTRONICS’

‘Electronics’ Is different from any other electronics magazine
for two reasons:

1. It's quarterly, so it's hard to remember when a new issue is due out both
for you and your newsagent.

2. We don’t carry any advertising, which means that having lots of copies
sitting on the newstands waiting for casual sales is of no advantage to us.
The newsagent will normally have plenty in stock of those magazines which
advertise because in almost all cases, he can return them if they are not sold
- s0 he doesn’t pay for them.

‘Electronics’ has no advertisers to pay for unsold copies, nor does it need to
have an impressively large circulation, so the newsagent must buy all of his
delivery of ‘Electronics’ and cannot return those he doesn’t sell. Therefore,
he may not want to take stock of too many. Before you know where you
are, ‘Electronics’ has sold out!

That’s why you'll need to place a firm order with your newsagent to be sure
of obtaining each new issue. Better still, place the order directly with us by
sending £3.40 now and we will send you every issue for a year, post free.

Despite having very few casual sales, ‘Electronics’ sells more copies in the
U.K. than any other electronics magazine!

BIGGEST
GIRCULATION
IN THE U.K.

Publication dates as follows:

XA23A Issue 23 8th May 1987 Price 85p NV
XA24B Issue 24 14th August 1987 Price 85p NV
XA25C Issue 25 13th November 1987 Price TBA
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* General Purpose Counter * Low Power Consumpfion |
* Buffered Inputs Accept Wide Signal Range
* LCD Display * Schmitt Trigger Count Input

This article describes a simple 4Y2
digit counter for general purpose
applications, either as it stands or in the
form of a ‘building block’ module where a
counter function is required as part of a
larger system. Please note however that
it is not a complete frequency counter or
a timer in its own right, aithough it could
be used in these applications if provided
with the necessary extermal gating and
timing circuitry.

The counter is built around the
ICM17224 IC, which actually contains all
essential circuitry to operate as an
incremental counter and simultaneously
drive a 4¥2 digit LCD display. The chip
includes a 19kHz oscillator and +128
divider to produce a 150Hz signal for the
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display’s AC backplane, making it very
easy to use, and requiring only a
regulated +5V supply and the display to
function.

Circuit Description

The 7224 is shown as ICI in Figure 1.
This is a minimum circuit configuration
for this device, and makes use of just
three inputs to the chip for the functions
COUNT, COUNT/INHIBIT and RESET.

Inverter stages TR1 to TR3 have been
added to the minimum circuit to provide
a measure of protection against over-
voltage signails, by buffering the chip
from the board inputs, and enabling the
counter to operate over a wide range of
input voltage peaks from approximately
+2 to +20V. This is a desirable
precaution, given that ‘general purpose’
usage Mmay require signal voltages to be
anything but standard logic levels.

To reset the counter to zero the
RESET input at TB9 is taken to >+0.7V,
which also blanks the display - in this
circuit IC1 operates in leading zero
blanking mode. For all other functions the
RESET input should be grounded or open
circuit to ensure normal counting oper-
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Figure 1. Circuit.
ations. The COUNT input, TBS, is negative |
going, and requires a positive voltage |
falling to zero at which point a count of
one will be incremented in the counter. }
This input need not necessarily be hard- 1
edged pulse or square waveforms, since @ 4 rgMP SI1DE - @
the COUNT input of IC] incorporates a > U
schmitt trigger input stage, which to- o —— B ~ ’
gether with the gain of TR2 will allow ; T+ N
slower voltage transitions. For example, ‘ E:L—L [1' ® el®
a low level sine wave signal (less than 5V | bt : — ;
peak) alternating about OV can be used ‘ o ® o :m w
to trip the counter on each falling positive , ~ o g ®|o
half-cycle. Moreover, the schmitt trigger o ° o 7 )
operation offers some immunity to inter- o ° (oot
ference and noise injection, thus pre- e 3 - ®|uw
venting erroneocus and erratic behaviour o ° © _." 0
of the counter. This flexibility allows a : : : Bactl
wide variety of COUNT input sources, = p ®|+
including various types of sensors. O—L . T m
The COUNT/INHIBIT input at TBY is o Ho— — 1
used to defeat normal counting operation N o o : u
so that the display remains static without . ) . - L] ol ,
the need to remove the signal at the | — ‘
COUNT input. To do this COUNT/INHIBIT | MAPLIN BED%4%X
is taken to > +0.7V. In this condition the | DISPLAY BD
curtent count can be retained and [ ,
displayed indefinately, or cleared to zero [
with RESET. COUNT/INHIBIT must be y
grounded or open circuit to enable, or [
resume, normal counting. In this way the e e e
counter can be ‘gated’ by a means based Figure 2. PCB Layout.
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on a time period or a specific condition
(e.g. counting allowed provided con-
dition is true, etc.).

Some additional terminals are
provided on the board, which are direct
connections to the LCD display, brought
out and made available to the user. These
are the four decimal point positions TB3
to TB6, the plus sign TB1, and the minus
sign TB2. If the counter module is to be
incorporated into a system for a par-
ticular task, then these can be hard-wired
to OV as required, or temporarily
connected for some general purpose use
to clarify the display. The decimal points
may be switched if the module is to form
the basis of some sort of frequency or
period counter, over several switched
ranges. If these terminals are not to be
used they should be left floating.

Construction

With reference to the Parts List, and
the board layout and legend shown in
Figure 2, insert and solder all six
resistors. Insert and solder TR1 to TR3,
making sure orientation is correct.
Carefully fit the LCD display DYI,
ensuring that all pins line up with their
respective holes, and that the glass pip at
one end of the display must align with the
rectangular marker on the legend. Be
very careful when soldering that the
display is not allowed to get hot; if so then
wait between soldering operations until it
cools. Insert and solder the 40-pin DIL
socket at IC1] position with the end notch
adjacent to the rectangular marker on the
legend. Upon completion check your
work for possible short circuits and
incomplete solder joints. In particular
closely examine the areas between the
pins of the DIL socket and the display.
When you are satisfied that all is well
then carefully insert IC1 into its socket
ensuring that its end notch aligns with
that of the socket, and commence testing
the module.

Testing

Note that due to the nature of the
plated through holes used for the
General Purpose Counter PCB, it is not
possible to fit veropins in the holes TB1 to
TB11 in the normal way. However small
pins such as type 2145 (FL24B) might be
used if the holes are drilled out to Imm,
and the pins soldered on both sides, but
this must be done carefully, if required.
The module requires a regulated +5V
DC supply to operate ~ do not attempt to
connect anything other than +5V to the
supply pin or damage may occur. Upon
switching on a random number may

appear on the display. Operate the’

RESET input by connecting TB9 to TBI11
with a test lead. The display should clear
to give a blank display.

Similarly, pulsing the COUNT input
in the same manner should cause the
module to count up. Link the
COUNT/INHIBIT pin TB7 to TB11 and the
module should not respond to further
input at TB8. The display should be
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Figure 3. Hall Effect Device.

‘frozen’ with the last value incremented
before COUNT/INHIBIT was taken high.

Pins TB1 to TB6 on the board access
the plus and minus signs and the decimal
point symbols of the display. Earthing
each in turn to 0V should cause these to
appear.

Using The Module

How the module should be em-
ployed is entirely up to the constructor,
but the most obvious applications include
those of the event counting type. Means
of electrical input to the COUNT pin have
already been mentioned, and a mech-
anical switch can also be used between
TB10 and TBS, with a pull-up resistor
between TB8 and TBll to cause an
increment of one whenever the switch is
closed. The switch may be a thumb
operated push-button for counting items
by hand or a micro-switch on a machine.
Note however that some form of
‘debouncing’ is desirable and a minimum
requirement would be a 100nF capacitor
connected across the switch terminals.
Figures 3 and 4 show alternative ar-
rangements which replace TR2, utilising
a magnetic hall effect device (with a

1

magnet) and an opto-coupler respect-
ively as sensors. Either of these latter two
methods can produce a counter for a
hand operated wire winding machine, or
with a wheel to become an odometer etc.

Some more sophisticated functions
are available if desired, but involving

some ‘customising’ of the General
Purpose Counter PCB if this is used. A
wire link to pin 28 of IC1 gains access to
the chip’'s CARRY output (active low),
which can be used to drive an overflow
indicaior, or perhaps even a second,
cascaded counter module.

Connecting pin 29 of IC1 to ground
via a wire link defeats the leading zero
blanking mode, causing the display to
show zero on RESET.

Isolating pin 34 of IC1 from 0V and
attaching a wire link gains access to the
chip's STORE input (active low). The
STORE function controls internal latches
which transfer decoded display data
from the count decoders to the display
drivers; whilst pin 34 is low the latches

Jesssedpapy
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Figure 4. Opto-coupler.
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The Story

of Radio

he 1930’s was the ‘Golden Age

of Wireless’. Even with the De-

ression (or perhaps because of
it), more people turned to the wireless
receiver in their leisure time. When the BBC
was founded in 1922 there were just over
two million licence holders in the UK — by
1939 there were over 9 million. By the
middle of the decade, 1935, 98% of the
population of this country could listen to one
BBC programme and 85% had a choice of
two. The listening public crossed all social
boundaries. Even the very poorest (and
there were plenty of those in pre-war
Britain), felt the need for a cheap wireless
set to entertain them. The Philco People’s
set, introduced at the 1936 Radiolympia,
sold for 5 or 6 guineas (£5.25 - £6.30). The
hire purchase companies did well out of the
growing interest, for the cost of a receiver
was beyond the cash resources of many,
especially if it was of the type that included a
gramophone, the popular ‘radiogram’.
Nearly half of the licence holders of 1939 had
incomes of less than £4 per week; some had
less than £3.

Wireless on the move!

Radiolympia was the highlight of the
‘wireless year’, being held in the autumn. At
the 1930 show, one of the most noticeable
developments was in the number of mains
operated receivers. These were classified as
‘table models’ or ‘transportables’, that could
be moved from room to room. The dials of
these receivers were marked with the
wavelengths to which they could be tuned. It
was only later that the station names were
included as well because, at this time, there
was still a lot of discussion going on around
the conference tables as to what each
country should have in the way of
wavelength allocations.

It may seem obvious to us that sets
which were to be used exclusively in the
home should be able to operate from the
domestic mains supply, but the fact is that
there were many homes still without
electricity, and those that were connected
might have either AC or DC mains,
depending upon the whim of the local board!
As recently as the 1950’s it was possible to
38
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Part Six—
The Golden Age

take an AC mains receiver from one part of
the country to another and be unable to use
it because the supply turned out to be DC.
Many a mains transformer primary went up
in smoke because of this incompatibility! An
obvious advantage of having a receiver
capable of operating from the mains was its
negligible operating cost in terms of power
consumption. Batteries were then, and still
are now, expensive items.

Superhet

The 1930’s saw the widespread adoption
of the ‘superhet’ receiver. To give it its full
name, it was a ‘supersonic-heterodyne’
receiver and it has remained the standard
type ever since. Its great advantages were, a
substantial increase in both ‘sensitivity’ and
‘selectivity’, compared with the T.R.F.
(Tuned Radio Frequency) or ‘straight’
receiver. The greater sensitivity resulted
from the larger number of stages of
amplification (at r.f.) that could be achieved
without encountering the instability

fg fo-ls
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problems that often resulted with T.R.F.
receivers. The improved selectivity (the
ability to discriminate against stations on a
wavelength close to that of the desired
station) followed more or less automatically,
because more r.f. amplification implied more
resonant circuits, each tending to reject
adjacent channels. The problem with the
T.R.F. receiver was the extreme difficulty of
achieving high gain and variable tuning at

the same time without the whole thing
bursting into oscillation. High gain meant
severalr.f. stages, each with its own tuned
circuit that had to be ‘ganged’ to the others —
an unwieldy arrangement. The superhet got
around the problem by producing an
‘intermediate frequency’ (the i.f.) that was
always the same no matter what the
incoming frequency. Most of the
amplification was carried out at this lower,
fixed radio frequency, and was much easier
to do in consequence.

Figure 1 shows block diagrams of both
types of receiver. In the case of the superhet,
the i.f. is produced by a process known as
‘heterodyning’, in which the incoming signal
is mixed with the output of a local oscillator.
The i.f. is one of four frequencies output from
the mixer, and is the difference between the
r.f. signal and local oscillator frequencies, the
other three being the received r.f., the local
oscillator frequency and the sum,of these

o~ r - - —

AF. v

| Mixer Amplifier Amplitier [~ | Detector == o pitier [~ (LS
ifo
_
Local (8) Superhet receiver
Oscillator
Y (b) Straight receiver
~ RF AF. ~
— - tor —=— Lo LS.
Amplifier Ly Amplitier [ L=SK

Figure 1. The superior complexity of the superhet against the simplicity of the straight receiver; both popular

designs in the 1930’s.
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Baird Disc Model Televisor 1930.

two. A tuned circuit immediately follows the
mixer output which filters out all but the
required i.f. which is passed on to successive
stages. This precludes that the local
oscillator output frequency must ‘track’ the
received r.f. and so two ganged, tuned
circuits are required. Since the local
oscillator and r.{. signal tuning are ganged,
their difference is always the same. A typical
value of i.f. for a modern AM receiver is
470kHz though, in the past, it has been
anything from 110kHz to 550kHz, for
MW/LW wavebands.

Apart from the benefits of having a
receiver that was less prone to ‘adjacent
channel interference’, the owner of a
superhet receiver no longer needed the
elaborate aerial system that had previously
been considered vital. At worst he could
probably get by with a piece of flex strung
along the picture rail, and so the skyline of a
1930’s town became somewhat cleaner than
it had been in the previous decade, as the
forest of swaying masts was gradually
dismantled.

Radio gets Style

Styles in receiver cabinets underwent
changes in the 1930’s, one significant line of
development being the exploitation of
plastics, in the form of Bakelite. One
company, Ekco, produced a receiver in 1934
called the AD65, which used a Bakelite
40

moulding that broke away (not literally!)
totally from traditional furniture styles. This
was designed by the architect, Wells Coates,
designer of some of the interior of the BBC's
Broadcasting House. The use of the term
‘furniture’ to describe the style of a radio
cabinet may seem slightly odd; nonetheless
that is how cabinets were viewed up till then,
as extensions of existing furniture, subject to
the same limitations of wooden construction
as sideboards, bookcases, and so on, since a
typical receiver of this time (let alone a
‘radiogram’) could be as large as a modern
good sized colour TV or bigger! Another
handsome and significant design in Bakelite
was the Philco ‘Peoples’ Set, Model 444 of
1935.

The domestic wireless scene was big
business in the 1930’s. The well-known firms
of GEC and HMV were a far cry from the
garden shed businesses of a few years
eartier. The latter company employed a
workforce of 12,000, had their own foundry,
timber yard and sawmill, Bakelite moulding
facility, generating station and even their
own railway siding.

Various innovations were adopted in
domestic receivers in the years leading up to
World War Two, some successful, some not
s0. One of the latter category was a
‘voice-operated’ receiver from the Marconi
Company, in which there were no knobs; the
tuning was effected by the receiver’s

response to the human voice. It was
combined with a television receiver that was
similarly controlled. More successful ideas
included visual tuning indicators, an
example being the neon indicator, another
the cathode ray ‘magic eye’ indicator valve
(which was used much later as the level
meter for valve driven tape recorders).
Tuning a receiver by ear alone did not
always get the best results. In the desire for
portability, very small receivers were
produced, such as the Empire Portable
weighing less than two pounds. Otherwise
the main variations were found in the lines
of the cabinet, which were sometimes
rounded, sometimes angular. However, 1938
saw another trend, in the form of push-
button tuning. Here the onus for proper
tuning was placed on the set maker rather
than the user. A deft stab with one’s finger
was all that was needed to change stations.
An example of this type of receiver was the
1938 Defiant MSH 938, which had a
motorised tuner and no less than twenty
push-buttons!

Air Travel

Imperial Airways, the British state-
owned national airline, was formed in 1923
and continued in existence until the
beginning of World War Two. During the two
decades preceding this conflict, great
pioneering flights opened up the air routes

Maplin Magazine March 1967

Photo supplied by the Trastess of the Sceace Museum (Lasdoa)



3
2
3
£

i

i3 N
Photo supplisd by the Trasees of the Scieace Mussa (Londo).

The Emitron TV Camera Tube.

linking the British Empire and the world’s
capitals. The greater ranges and higher
speeds of the current generation of
aeroplanes necessitated improved
performance in both airborne and ground
wireless units, especially those used for the
vital role of direction finding. This led to
increased use of the h.f. wavebands (as
opposed to the lower frequencies) for
airborne communication. As a
demonstration of the effectiveness of h.f. for
long range communication, in December
1928, the transmissions from an airliner
flying over England were picked up in Cairo.
March 1930 saw the introduction of
another valuable service, air-sea rescue,
which originated when the National Lifeboat
Institution (later Royal) fitted the new Dover
lifeboat with a Marconi XBM1 transmitter-
receiver. Other lifeboats were gradually
similarly equipped and this led eventually to
the RAF Air-Sea Rescue service, which
saved so many lives in World War Two.

Television

Any discussion of radio in the 1930’s
would be incomplete without some mention
of television. Was it a companion to wireless
or a competitor? In the 1930’s the question
was a bit academic; very few people owned a
TV set. Television is, in a sense, merely
‘radio with pictures’. It uses the same
principles of modulation, transmission,
reception and demodulation of a carrier,
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though the signal is more complex and two
separate components can be identified - video
(including sync.) and sound. So it is part of
the story of radio, an offshoot, as is radar.

Associated with the ‘invention’ of
television is the name of John Logie Baird,
who was certainly an ingenious man but,
ultimately, his work ended in a technological
blind alley. His first crude ‘televisor’
consisted of an old tea chest, supporting an
electric motor that drove a cardboard
scanning disk, cut from an old hat box. The
spindle was a darning needle. The projection
side of it comprised a lamp in a biscuit tin
and lenses borrowed from bicycle lamps.
Even so, he was able to transmit an image
over a distance of 2 to 3 yards and this led to
the Baird 30-line system.

By 1928 Baird had convinced the BBC
that his system was sufficiently developed to
be put into service, but it wasn't until the
following year that any transmissions were
made. The first transmitted pictures were
appalling, barely recognisable as the human
face they purported to be. Even picture and
sound were unsynchronised. Afterwards, the
system was improved to a point where a
recognisable picture with fully synchronised
sound was transmitted. Televisors then went
on sale at a cost of 25 guineas (£26. 25) but
there were few takers. The picture quality
was about the same as the early movies and
look how they had improved! Experiments
continued and there were notable
broadcasts, including the 1931 Derby and, in

November 1932, a transmission was made
from Broadcasting House in London to the
Arena Theatre in Copenhagen, 600 miles
away'! But the Baird system was ultimately
doomed; it just couldn’t offer the picture
definition that a viable system demanded.
Company movements are complex
operations at best, but in 1934 the Marconi
Company joined with EMI to form the
Marconi-EMI Television Company Ltd,
combining the technology of the two
companies, which included experience of
high power transmitters and the Emitron
TV camera. The important aspects of this
were the use of electronic instead of
mechanical scanning techniques at the
studio end and the cathode-ray tube at the
receiver. This put the development of
television on a totally different footing
although much pioneering work needed to be
done to produce a high definition system that
would capture a wide audience. The world’s
first ‘regular’ television broadcasts were
begun by the BBC on November 2nd, 1936.
Advance publicity of the event was given by
test transmissions between Alexandra
Palace and the 1936 Radiolympia exhibition.
At this time both the Baird and EMI systems
operated side by side, but in February 1937
the Baird system was at last dropped. Not
only had there been a disastrous fire at the
Crystal Palace, which had destroyed a major
part of the Baird Television Company’s
equipment, but the EMI equipment, which
was based on the 405-line standard, was
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undoubtedly superior. It merely remained
now to develop the latter even further and to
widen the viewing public.

In May of 1937 the first Outside
Broadcast was made, when three cameras
showed the Coronation procession as it
passed Hyde Park Corner. The Emitron
camera tubes produced acceptabie pictures
in the dull, rainy conditions but, later in the
year, they were replaced by Super Emitron
tubes having five times the sensitivity.
Outside broadcast meant some form of link
back to the transmitter and, for this purpose,
the Post Office Engineering Department laid
a special balanced-pair cable to carry the
video signal from Hyde Park to Alexandra
Palace. For more distant outside broadcasts
the signal was sent to Alexandra Palace by
radio, using a 1kW mobile transmitter at
64MHz with an aerial mounted on a
fire-escape ladder. The number of receivers
sold was low, less than 2,000. This was due to
low transmission time, only two hours per
day and none on Sundays, and the fact that a
receiver may cost some £60, which at the
time was equivalent to about half the cost of
a small car! This was for a ‘large’ 12 inch
picture. Later, in 1938, sales improved as
cheaper sets with smaller tubes, down to 5in.
diameter, were produced. By September
1939 there were 20,000 sets in use, but now
the Nation was again at war.

Photo supplisd by the Trasees of the Science Musean (Londom).

Ekco TV receiver 1938.

4% DIGIT COUNTER Continued from page 37.

are ‘transparent’ and the display reflects
real time counting. On pin 34 being high
the last count value is latched causing the
display to hold this value, even though
the counting is continued. Pulsing pin 34
low will show updates of the count value,
remaining static between times. RESET
does not effect the display in this
condition.

A simple frequency counter can be
made in this way, where a suitable clock
and logic can produce, in sequence,
COUNT/INHIBIT low for the gating
period, followed by STORE (IC1 pin 34)
low to update the display, then RESET to
clear the counters for the next gating
period. Signal input is to COUNT con-
tinuously. If a gating period of 1 second is
used, the module can become an AF
frequency counter with a resolution of
IHz and an upper display limit of
19,999Hz with no range switching nec-
essary.

4%2 DIGIT COUNTER i e

4% Digit Counter PCB 1 (GD#MX)
PARTS LIST DIL Socket 40-Pin 1 (HQS8R)

Constructor's Cuide 1 (XHT78L)
RESISTORS: All 0.6W 1% Metal Film
R1-3 10k 3 (M10K) A complete kit of all parts is available for this project:
R4-6 47 3 (M4KT) Order As LM19V (4% Digit Counter Kit) Price £25.95

The following items in the above kit list are also

SEMICONDUCTORS available separately, but are not shown in the 1987 catalogue:
IC1 ICM72241IPL 1 (FPE2s) 4Y2 Digit Counter PCB Order As GD44X Price £8.95
DY1 Display 445 Digit 1 (FPSIR) 4Y3 Digit Display Order As FP61R Price £5.95
TR1-3 BCS48 3 (QB73Q) ICM7224IPL Order As FP62S Price £11.95
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MACHINE CODE
PROGRAMMING WITH THE Z80

cu

by Graham Dixey C.Eng., M.I.LE.R.E.

Infroduction

The interrupt facilities provided with
microprocessors enhance their comput-
ing power enormously. However, since
they are initiated by a voltage level
transition, they are essentially hardware
orientated. Obviously most readers of
‘Electronics’ will have such a bias, so it
can be assumed that among the applica-
tions of a computer that they might
consider are those that involve control of
external devices. In this case a sound
understanding of interrupt methods in
general, and of the specific facilities of
the Z80 in particular, is essential.

To understand what an interrupt is,
consider the purpose of the 16-bit
register that we call the Program
Counter. This holds the addresses of the
program as it runs. For example, if a
program is loaded to run from the
address &A000 then, on running it, the
Program Counter is first loaded with this
address. Since this register automatically
increments it wil hold the program
addresses in sequence, ie. &A000,
&A00]1, &A002, etc. However, the seg-
uence can be broken by special instruc-
tions, such as jumps’ and ‘calls’. In the
case of these, the Program Counter is
loaded with a new address and carries
on executing instructions from this new
address. In the case of a jump the
Program Counter will not, in general,
return to the point following the jump
since its purpose was to give the
program a completely new direction.
Such is not the case with a call, however,
since this is used to fetch a sub-routine.
The last instruction in a sub-routine is the
RET (RETwmn from sub-routine) and this
ensures that the program re-commences
from exactly the right point, immediately
after the call was encountered. How does
it manage to do this? Well, of course, the
way it ‘remembers’ where it was is by
‘pushing’ the relevant program address
onto the stack and, when RET is
encountered, ‘popping’ it off again, back
into the Program Counter. This reminder
of the way in which the Program Counter
contents can be changed and restored at
will is included because the action is
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Main program Main program
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Figure 1. Single Interrupt during a Program.

relevant to an understanding of int-
errupts.

So now to define an interrupt, which
can be done by saying that it is a means
whereby a main program running on a
microcomputer may be interrupted by
some external device in order to provide
that external device with some ‘service’;
the action that initiates this interrupt is
known in general terms as an ‘interrupt
request’, and it is accomplished by
applying logic 0 to one or other of two
special pins on the Z80 CPU.

For now it is worth noting that these
two interrupt inputs to the Z80 are known
as INT (Interrupt Request) and NMI (Non-
Maskable Interrupt); the former of these
is the general purpose interrupt input.
The idea of an interrupt is shown
diagramatically in Figure 1.

The Interrupt Vector

The word vector implies direction
and that is precisely what is meant in this
context. There is nothing mysterious
about the interrupt vector. It merely
provides the essential information as to
where the program should go when an
interrupt occurs. Essentially, it is a pair of
memory locations at which the start
address of the Interrupt Service Routine
can be found. In fact, the sequence of
running the Interrupt Service Routine is
easily seen as a series of jumps. As an
example, suppose that on receipt of an
interrupt, the program is sent to location
&0038. At this, and the two succeeding
locations, it finds the three bytes:

C3 1B 08

C3 is a jump instruction, so the three
bytes mean ‘jump to location &081B’. Now
the memory location &0038 is in the

Part Six

operating ROM of the computer (it is in
fact one of the restart addresses),
whereas the location &081B is assumed to
be in RAM. This allows the programmer
to write whatever he likes into this
location that will direct the program to
the start of the Interrupt Service Routine.
Suppose that this is to begin at location
80%00. Then at &081B, and the two
following locations, we find:

C3 00 09

Now let’s look at the complete sequence.

(a) The interrupt line goes low and the
program counter is loaded with
&0038. Here, it finds a jump to &081B.
The program counter now holds the
latter address.

(b) At &081B it finds a jump to a specified
location (the interrupt vector); in this
case it is vectored to &0900. It is here
that the first instruction of the Int-
errupt Service Routine is located.

(c) The computer runs the Interrupt
Service Routine, at the end of which it
encounters a ‘return’ instruction. This
takes it back to whatever it was doing
before the intermupt occurred.

Thus, it is quite possible for the
computer to be interrupted as often as
necessary, provided that it is always
ensured that any interruptions always
allow the computer to carry on with its
main task, after such an interruption, just
as if nothing had occurred. Upon
reflection this must mean more than just
pushing the Program Counter on the
stack. If we assume the obvious, that is
that any interrupt can occur at any totally
unpredictable instant of time, then liter-
ally any of the registers involved with the
main program could be in use. If the
return from the interrupt is to leave
matters just as they were prior to the
interrupt, then all registers used by the
main program must be pushed onto the
stack also, unless we can absolutely
guarantee that they are not used by the
Interrupt Service Routine. The instruc-
tions that carry out the operations of
saving and retrieving data in these
situations are known as PUSH and POP.
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The stack is known as a Last In First Out
device, which means that the order of
popping registers is always the opposite
of the order of pushing them. Suppose
that we know that the Interrupt Service
Routine uses the following registers: A, F,
IX, B and HL. The first instructions in the
ISR must include:

PUSH AF
PUSH X
PUSH BC
PUSH HL

And, at the end of the ISR, we will
have:

POP HL
POP BC
POP  IX
POP AF

The PUSH and POP instructions are
classed as 16-bit loads, which means that
registers are always pushed or popped
in pairs if they are 8-bit registers. Thus,
although register C is not actually likely
to be cormupted by the ISR, it is still
pushed along with register B since it is
the other half of this particular register.

INT, NMI and Priorities

If it is possible for several devices to
interrupt the computer program, the
natural question that arises is, ‘what
happens if two interrupts arrive so close
together that one ISR is still running when
the second interrupt is received? Then,
of course, there also arises the question
of whether one interrupting peripheral
might be more important than another.
This leads to the idea of ‘interrupt
priorities’. What must happen in practice
is as follows:

If there are two Interrupt Service
Routines, known as ISR1 and ISR2, where
ISR1 is the more important, then if: (a)
ISR1 arrives first it will ‘mask off' ISR2 to
prevent it interrupting it in turn, but if: (b)
ISR2 arrives first it will be unable to mask
off ISR1 since it has a lower priority.
These cases are illustrated by Figure 2.

In the simple case of just two ISRs
with these priorities, ISR1 would use the
NMI interrupt facility, while ISR2 would

Q0003 SCOO (SC00)
00004  SCO0 (OO00O0)
00005 SCO0O DB 00
00006 SCO2 CB 47
00007 SC04 C2 S50 SC
00008 SCO07 CB 4F
00009  SCO9 C2 60 SC
00010 SCOC Ce 57

| 00011 SCOE CZ 70 SC
00012 SC11 20 ED
00013 SC%0 (SCS50)
00014 SCS0
00015 SC60 (SC6D)
00016  SC&O
00017 SC70 (SC70)
00018  SC70

[ 00019

Listing 1.

/ Main program N
_ e

INT ISR INT ISR

;i*TJQQQEF_ }

INT T f RETI

I
(a) NMI RETN

~ Main program |

— f'; - _—

)] B
P et s
NMI ?
{ INT RETI
(b) accepted
INT
(masked out)

hmunZJWNMnhlnﬁnulei;:G)id:
arrives before NMI and (b) NMI arrives
before INT. NMI assumed priority.

use the INT facility. This is obvious when
it is remembered that NMI actually
stands for ‘Non-Maskable Interrupt’. The
question is then, ‘how is the masking
effected?” The answer is that it happens
automatically. In the Z80 there is a flip-
flop, known as the ‘Interrupt Mask Bit
Flip-flop IFF]'. When this is reset all INTs
are disabled (masked out); when it is set
they are accepted. On receipt of an NMI
this flip-flop is automatically reset but,
before it is, its status (i.e. whether set or
reset) is copied into a second flip-flop,
IFF2, so that the Z80 can ‘remember’, at
the instant that the NMI was received,
whether further INTs were to be
accepted or not.

To put this in perspective, suppose
that at some point in time, an INT had
been received and accepted but, before
its routine was complete, an NMI was
also received. At the beginning of the
INT routine there would have been an
instruction DI (Disable Interrupts), put
there for the express purpose of masking
off further INTs. This would have reset
IFF1. Obviously, since NMI was received
during the first INT routine, the latter
must be completed immediately after the
NMI routine and before any further INT
routines are accepted. For this reason, at
the end of the NMI routine, IFF2 will be
copied back into IFF]l to restore the

0ORG ©¥S5C00
INFUT EQU OO0

.FOLL IN A, (INFUT)
BIT  0,A
JF NZ , SRA
BIT  1,A
JF NZ , SRE
BIT  2,A
JF NZ ,SKC
JK NZ , POLL
ORG  %SCS0

. SRA
ORG  %SC60

. SRE
ORG  %5C70

. SKRC

latter’s status. The instruction that per-
forms this is RETN (RETurn from Non-
maskable Interrupt), which also pops the
PC from the stack.

intferrupts versus
Polling

Before looking at interrupts in more
detalil, it is worth looking at an alternative
known as ‘polling’. This is a software
method of determining if a peripheral (or
which peripheral of several) requires
attention. There must be a status line
between the peripheral and the comp-
uter so that the former can send a logic
level, signifying status, to the computer.
For example, it might be decided that if a
peripheral requires service, it shall
signal this fact by sending a ‘logic 1’ to
the computer. It is then a question of how
the computer will recognise that a
demand exists. This is where polling
comes in. A special polling program
regularly checks the status line to see if it
is high. When it finds that it is, it jumps to
a routine to service that peripheral. If
several peripherals are involved, the
polling program will have to establish
which peripheral is signalling for atten-
tion and jump to the service routine for
that particular peripheral. There are two
disadvantages of this method of servicing
peripherals:

(a) If the polling program checks the
peripheral status too often, it wastes
time that could be used for other
processing tasks.

(b) If the polling is carried out too
infrequently, the peripheral may act-
ually be left waiting for service, thus
effectively limiting the speed of
response.

However, it is quite easy to write a

polling program so it is worth looking at
what is involved. The basic segment is:

POLL IN  A(DATA) ;Read input from
port
BT «A ; Test bit # in A
ogister

r
JR  ZPOLL ;Poll again if zero

skRead input register
sTest bit O

;6o to SRA if equals 1
sTest bit 1

;6o to SRE if equals 1
sTest bit 2

;60 to SRC if equals 1
skeep polling if all O

3 ISR (Peripheral A)
;ISR (Peripheral B)

3 ISR (Peripheral ©C)
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In the first line the data word is
fetched from the port and tested in line
two to find out if a particular bit is 1 or 0.
The BIT instruction does this, which it
may be remembered affects the status of
the Zero Flag in the F register. If the bit is
0 the flag is set and the JR Z,POLL
recognises this and loops back to the
label POLL. This can be easily extended
to several peripherals as the assembled
Listing 1 shows. Now consider how
interrupts would deal with the same
situation. The peripheral (or peripherals)
is connected to the CPU via an interrupt
line, say INT. If there are several
peripherals, each will have to be able to
indicate separately that it required
service. One method of allowing several
devices to share a common interrupt line
is by use of the ‘wired-OR' connection,
shown in Figure 3. Any of the peripherals
can take this line low to initiate the
interrupt but the service routine so called
must interrogate the status lines in turn to
find which one is SET. This has the
advantage that it is possible to establish
priority on the basis that the status lines
are checked in a chosen order of
importance. For example, if there are
three peripherais A, B and C, that being
their priority order, then if two were to
interrupt simultaneously, say A and C, A
would be serviced first.

It is, of course, quite easy to
establish a similar order of priority using
the polling method, by checking the
status lines in the required order of
priority. However, the real advantage of
using interrupts instead of polling is that
it is faster and less wasteful of time. The
computer carries out no checking at all; it
occupies itself with its main computing
task until requested to do otherwise.
When an interrupt request is received, it
completes its current instruction, saves
PC and other registers on the stack and
jumps to the relevant ISR.

The Z80 Interrupts

Three interrupt mechanisms exist in
the Z80; the bus request BUSRQ, the non-
maskable interrupt NMI and the usual
interrupt INT.

The Bus Request

This is the highest priority interrupt
on the Z80. Whereas both NMI and INT
allow the CPU to finish its current
instruction before taking control, the
BUSRQ only allows the current machine
cycle to finish before it takes pver; this
may well not be the end of an instruction.
Its use is for Direct Memory Addressing
(DMA). Any NMI or INT requests
received during this time are stored,
pending the end of the DMA state, when
they will then be handled. Most program-
mers will not be concerned with DMAs
so no further discussion of them will take
place here.
The Non-maskable Interrupt NMI

This cannot be inhibited by the
programmer. Unless there is a BUSRQ in
operation, it will be accepted immedi-
March 1987 Maplin Magazine
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Figure 3. Multiple Interrupts on a common
line using ‘wired-OR’.

ately after the current instruction has
been completed. The value of the PC will
be pushed onto the stack automatically
and there will also be an automatic vector
to location &0066. It is the responsibility
of the programmer to use this to access
the Interrupt Service Routine. However,
since &0066 is in ROM, bytes will have
been installed at &0066 and subsequent
locations to vector the program into the
area of RAM where the ISR resides. The
exception might be in a small dedicated
system where the ISR is actually resident
in the ROM at &0066. But, taking an
example where a vector into RAM is
required, the following disposition of
these memory bytes might be found.

Memory

location 0066 0067 0068
Data

bytes C3 1E 08

From this we deduce that, whenever
NMI is received, a jump into RAM
location &081E is performed. At this point
the programmer has two choices; either
he starts his ISR at &081E or he installs a
further jump instruction (C3) here,
followed by two bytes into a further area
of RAM. The latter is very flexible
because the two bytes mentioned can
change with the program, allowing
access to a variety of ISRs from the same
interrupt source, namely NMI, according
to requirements. This idea was des-
cribed in general terms earlier when
discussing the interrupt vector. The
effect of NMI on the flip-flop IFF1 has
already been covered, as has the use of
RETN at the end of an NMI routine.

The General Purpose Interrupt INT

There are three distinct maskable
interrupt modes in the Z80, all accessible
by the INT input. In each case they can
be disabled by the DI instruction and
enabled by an EI (Enable Interrupts)
instruction. These instructions will reset
or set IFF1 respectively.

Interrupt Mode 0

The Z80 CPU was developed from
the 8080 CPU and retains some of its
instructions and characteristics. One of
the latter is this mode of interrupt

operation. The mode is selected in one of
two ways:

(a) whenever the machine is reset.

(b) when the mode is programmed by
the IMO instruction.

In this mode, on receipt of an
interrupt, the Z80 will do nothing except
generate a pair of signals, IORQ (Input/
Output Request) and M1 on the control
bus; these constitute the signal INTA
(Interrupt Acknowledge). It will then wait
for the peripheral to place a byte of data
on the data bus, which it must do in the
next cycle. This data byte will then be
executed by the CPU to run the Interrupt
Service Routine. This byte will usually be
a RST or a CALL, either of which will
push PC as a matter of course.

It may be remembered that there
are eight ‘restarts’ (see Table 12 in Part
One), which are located at the bottom of
Page 0. The lowest of these, RSTO, is a
complete system reset but the others can
be loaded with vectors to any address in
memory. Alternatively, the CALL instruc-
tion accesses the routine directly with a
three-byte instruction. Thus, suppose the
required routine is in RAM at &08EQ, then
the machine code for the two alternatives
is:

(a) using RST38, FF is the peripheral
response to INTA, giving:

Memory
location 0038 0039 003A
Data C3 EO 08

i.e. jump to location &08EO.

(b) Using CALL, CD is the peripheral
response, followed by the bytes E0 08
i.e. call routine at &08EOQ.

An interrupt in Mode 0 automatically
disables further interrupts. The program-
mer must remember to insert an EI
instruction at the end of the ISR. The final
instruction in the ISR will be RETI
(RETumm from Interrupt). Beware of
confusion with RET (RET from sub-
routine) and RETN.

It is possible to establish a priority
order among peripherals using the INTA
signal associated with this mode. This
signal is sent to each peripheral in turn;
only the peripheral that initiated the
interrupt will respond. If two did so, the
higher priority peripheral will respond
first. This principle, known as ‘daisy
chaining’, is illustrated in Figure 4.

cPUPNTAl A | ol B |- ¢

Data bus

Figure 4. The ‘daisy chain’ principle.
Continued on page 50. 48



‘Weather Satellite
- Down Gonverter

by Robert Kirsch Partl

A system for receiving and de-
coding data from polar orbiting weather
satellites in the 137MHz band has been
described in previous issues of ‘Elec-
tronics’. This article describes a Down
Converter that may be connected dir-
ectly to this receiving system to enable it
to receive S band signals from Meteosat
2, a geostationary weather satellite.

The Meteosat System

Meteosat forms one of a chain of five
geostationary weather satellites located
above the equator that cover the entire
world, see Figure 1. Meteosat 1 was
launched during November 1977 by the
Ewropean Space Agency (E.S.A)) and
continued to work until November 1979,

being replaced in June 1981 by Meteosat
2, which is still in service.

This satellite is located on the
Greenwidh meridian, nearly 36,000km
above the equator (0 degrees N, 0
degrees E) and orbits on the same axis as
the Earth at a speed that maintains it in a
fixed position above the Earth (geo-
stationary orbit).
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Figure 1. Weather Satellite system.
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The Meteosat satellite system differs
from the polar orbiting satellites in that
the higher orbit of Meteosat enables it to
see the whole disk of the Earth at once,
thus it can make constant observations of
the area covered. The satellite looks at
the Earth through a device called a
multispectral radiometer which provides
four separate images, two visible and two
in different infra-red spectral bands. One
infra-red channel gives a thermal image
of the Earth, the other responds to the
water vapour absorption band giving an
indication of the levels of atmospheric
humidity.

The raw data from the satellite’s
radiometer is transmitted to the Earth for
processing in the S frequency band
(1670-2110MHz). The receiving station for
these signals, called the DAATS (Data
Acquisition, Telemetry and Tracking
Station), is located in the Federal
Republic of Germany, about 50km from
Darmstadt. Signals received are fed to
the Meteosat Ground Computer System
at the Ewopean Space Operations
Centre in Darmstadt, see Figure 2.

The data from the satellite is
processed by a pair of large mainframe
Siemens computers from which inform-
ation is fed by land-line to world wide
users and also back to the DAATS for
re-transmission to the satellite in WEFAX
format with coastline added. The satellite
re-radiates this information on two S
band frequencies, channel A at
1694.5MHz and channel B at 1691MHz,

The Down Converter.

these are the signals received by the
Down Converter described in this article.
These signals are then translated to
137.8MHz by the Down Converter ready
for detection and decoding by the
Mapsat receiving system.

The Complete System

Figure 3 shows a block schematic of
the complete receiving system, details of
the Pre-amplifier, Down Converter and
Channel Switching Unit are shown.
Information on the Mapsat receiver and
decoder can be found in issues 18 and 20

METEOQOSAT 2

-

Data from

land & sea
transponders
ship & aircraft

I
_\ehy

| & $ =

=

data users

\ %QQ:%:L
1

(Wetax
format)
Primary
Data users
(High speed
data)

. Sateilite
. (Micheistadt) [ DaaTs ] Salehite
| Land lines

| (Darmstadt)

Figure 2. Meteosat 2 receiving station.
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Meteosat
&EMTPEUQI.SE:T; control centre

‘_, Users via land lines

of ‘Electronics’ (XA18U and XA20W),
which are available as back issues, see
inside back cover.

Aerial

The aerial used is of the loop-yagi
type which is fairly unusual for this kind
of application, but it has several ad-
vantages over more conventional satellite
receiving aerials. The relatively small
size of this aerial makes mounting it a
simple exercise as it can be attached to
most types of standard television aerial
masts, its small surface area producing a
low wind resistance. The beam-width of
this system is fairly broad and aligning is
quite easy. The complete receiving
system may be operated from batteries
in the vicinity of the aerial during
adjustment and this enables the aerial to
be aimed for the best signal from the
satellite. This type of aeral is equivalent
to a small dish and has a sharp horizontal
polarisation. Due to the low level and
high frequency of the signals received it
is important to keep feeder losses as
small as possible and for this reason a
high gain low noise pre-amplifier is
mounted directly below the receiving
element of the aerial.

[ ]

Pre-amplifier
Referring to Figure 4, it will be seen
that the input from the aerial is fed via C1
to the 50( stripline L1 which is tuned by
VCI and VC2. The other end of this line
is connected to the gate of the GaAs FET
TRI1. The two source leads of this device
are grounded, and its drain is connected
to the 75() output stripline L3 which is
tuned by VC3. The output end of L3 is
connected by C9 to the 75() coax that in
turn connects to the Down Converter.
Power for the pre-amp is fed via the
centre conductor, with earth return via
the screen of the coax from the Down
Converter. LS5 isolates the power from the
signal path by presenting a high imp-
edance to the RF but a low resistance to
DC. The GaAs FET requires a negative
voltage on its gate, this is generated by
the voltage converter IC], and fed via
preset RV1 and the RF choke L2 to the
47



centre of the input stripline Ll. The
positive voltage is fed to the output
stripline in a similar manner via 14. ZD1
and ZD2 are protection diodes to prevent
any voltage spikes from damaging the
sensitive GaAs FET. The pre-amp is
supplied with 4 metres of low loss coax
attached, and it should be noted that
under no circumstances should this be
shortened as this will affect the alignment
of the pre-amp.

Down Converter

The incoming signals from the
pre-amp are coupled via Cl (see Figure
5) to the input stripline of TR1; this forms
an amplifier virtually identical to that of
the pre-amp. The output from this stage is
coupled to LZ, the input stripline of the
mixer GaAs FET TR2. This line is tuned
by VC4 and VCS. The dual gates of this
FET are also fed via C5 with signals from
the oscillator/multiplier stages. The re-
sultant output from the mixer at 137.5MHz
is tuned by L6 and VC6 and fed to the
output socket via C9.

Two crystals are provided to enable
both channels of the satellite to be
received without re-tuning the 137.5MHz
receiver. The switching of these crystals
is accomplished by interrupting the
power to the Down Converter for set
periods. The logic that detects these
pulses and switches the crystals is
formed by IC2 and its surrounding
components. TRS is the crystal oscillator
whose collector circuit, VL1 and C23, is
tuned to the overtone frequency of the
selected crystal. The output from this
stage is fed to the multipliers formed by
TR4 and TRS producing an output of 18
times the crystal frequency. This signal is
filtered by L9 and L10 before being fed to
the gate of the mixer via CS.

A 9 volt supply is fed from the
Mapsat receiver via the channel switch-
ing unit and downlead coax and is
isolated from the 137.5MHz signal by LS.
This supply feeds the oscillator stage
direct and the rest of the Down Converter
via the § volt regulator RG1. The negative
supplies for the two GaAs FETs is
generated by ICl. The 5 volts required
by the pre-amp is fed to SK1 via LK1 and
L14 which isolates the signal path from
the power supply.

Power Supplies

The power for both the Down
Converter and the Aerial Pre-amplifier
comes from the power unit in the Mapsat
receiver via the same coaxial cable that

Asrial
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Figure 3. Block schematic of the system.
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carries signals to the receiver from the
Down Converter. This simplifies the {
installation of the system as only one
cable connects all the units together. The
Channel Switching Unit (to be described
in the next issue) is connected in series

The aerial showing the attached pre-amplifier.
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with this cable at any convenient point
near the Mapsat receiver.

Sighting the Aerial

The aerial must be positioned in
such a way that it can point at clear sky in
a due south direction (from the British
Isles), see Figure 6, at an angle of 30
degrees above the horizon. There should
also be no major obstructions below
about 10 degrees of the aerial axis, see
Figure 7. No mast or other aerial should
be within 1 metre of the aerial other than
directly behind, where there is no
restriction. The angle of elevation is set
by the special clamping bracket
supplied with the aerial when the support
mast is mounted vertically. Small
changes in elevation may be affected by
setting the mast off vertical in the
appropriate direction. The heading and

elevation of the aerial when used in other
countries may be calculated from the
position of the satellite above the Earth
and the known height of 36,000km. Note
this may require special mounting
arrangements to be made. Further details
of the aerial assembly and installation will
be given in Part 2.

Kits

There are 3 main kits available for
this project. The Down Converter kit, an
Aerial and Pre-amplifier kit, and the
Channnel Switching Unit kit. The Down
Converter and Pre-amplifier are supplied
ready-built, tested and aligned. The
Channel Switching Unit and the Aerial
are all that can be constructed by the
hobbyist. In addition, other items will be
required to complete the installation,
these include a mast for the aerial, a

water proof box for the Down Converter
(if it is to be sited out of doors), various
connectors and cable for connecting the
Down Converter to the Mapsat receiver
via the Channel Switching Unit. The aerial
must be coated with a good quality
polyurethane clear varnish before instal-
lation, and this can usually be obtained
from your local DIY shop.

The Down Converter may be used
with other aerial systems provided they
produce a sufficient signal level, and do
not have DC continuity across their
output terminals as the Down Converter
supplies power to the Pre-amplifier via
the coaxial cable inner and outer
conductors.

Kit parts lists are shown here for the
Down Converter kit, and for the Aerial
and Pre-amplifier kit; please note how-
ever that the kits will not be available
until May 1987.

DOWN CONVERTER srpR 1
RH Clamp 1
PARTS LIST LH Clamp 1 ~
Plate 1
MISCELLANEOUS U Bolt and Nuts 2
Down Converter Module 1 (YPITT) Bolt 8BA x Yin. 3Pkis (FP8SA)
Washer €8A 3Pkts (BF33A)
OPTIONAL Shake washer 88A 3Pkts (LROIB)
‘Waterproof Box, large 1 (YMS2A) Nut 8BA 3Pkts (BF19V)
Low-loss Coax white Asreq (XRB7U) Bolt 2BA x Yain. 1Pkt  (BFOOA)
HQ Coax Plug 2 (FDBSG) Shake washer 2BA 1Pkt  (BF24B)
Nut 2BA 1Pkt (BF16S)
The Down Converter Module is only available ready-built Pre-amplifier Module 1 (YPI80)
and aligned, and is not available as a kit, and OPTIONAL
is not shown in the 1987 catalogue: Mast lin to 1Vin. dia. s
Order As YP1TT (Down Converter Module) Price £79.95 Mast MSasting Boackets M:
Polyurothane Varnish Asreq
AERIAL & PRE-AMPLIFIER
‘ The items listed above, excluding optional, are available as a kit:
PARTS LIST Order As LM22Y (Aerial and Pre-amp Kit) Price £64.95
Some items are also available separately, but
MISCELLANEOUS are not shown in our 1987 catalogue:
Boom 1 Pre-amplifier Module Order As YP18U Price £35.95
Strip D12 - 28 14 Bolt 8BA x ¥uin. (pack of 10) Order As FP69A Price 60p
StripD1-11 11
Strip DE 1

Z80 MACHINE CODE Continued from page 45.

Interrupt Mode 1

This interrupt mode is selected by
the instruction IM1. When the INT line
goes low an automatic branch is per-
formed to the restart address &0038 and
PC is pushed onto the stack. As
explained previously, when discussing
the use of &0066 in connection with NMI,
the ISR may be made from here to an ISR
somewhere in RAM.

This vectoring to a single address
produces one small problem, which is
what to do if there is more than one
peripheral that could have initiated the
interrupt. In such a case, the program will
not be vectored directly to the ISR but to
a form of polling program instead, similar
to the one discussed earlier.

Interrupt Mode 2

The instruction IM2 sets this mode.

80

e
| Register
Vector
JP
1A table
09
Peripheral otc T
e

ISR

RAM

Figure 5. The Z80 ‘mode 2' for Interrupts.

This is the most powerful means that the
Z80 has of performing automatic vector-
ing of interrupts. One of the special

purpose registers of the Z80, the 1
register, or Interrupt Page Address
Register, is used in this mode. It is loaded
by the programmer with the high byte of
the ISR address. The peripheral itself
supplies the low byte, with bit 0 always
set to 0. This mode is shown in Figure 5.

The vector formed in this way is one
of a number contained in a table of
vectors. Each of these points to an ISR
elsewhere in memory.

The Z80 may be thought of as the
father of a ‘family’ of related chips. Two
others in this family are the PIO (Parallel
Input/Output) and the CTC (Counter-
Timer Chip). Both of these are involved in
interrupt operation. A detailed discus-
sion of programming and applying them
will be given in the next part of this
series.
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Choosing the right transistors for a
new circuit is an easier task than it might
appear, despite the many thousands of
different types available. Transistor man-
ufacturers always define the range of
operating conditions their devices can
cope with, as well as the operating
performance one can expect from them.
This article explains what some of the
more important parameters mean in
practice, and shows how they can be
used to select the best transistor for a
particular application.

Basic ideas

Let's start with the fundamentals. A
bipolar junction transistor is a tiny scrap
of slightly impure semiconductor with
three terminals known as collector, base
and emitter. A small current flowing
between base and emitter controls
precisely the much larger current flowing
between collector and emitter.

The base of a modern transistor is its
collector, which emits current collected
by the emitter. The paradoxical names
arise from the remorseless march of

Emitter 00
Collector
(a)

Emitter
Base

(22224 o2 T2 227277

| S T T S TR S B

(b) Collec tor

Figure 1. Early and modern transistors.
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WHICH
BIPOLAR ?

by J.K. Hearfield

(a) (b)
PNP E NP N ‘e

Figure 2. PNP and NPN transistors.
technology. Early transistors were built
outwards from the base (Figure la),
whereas modern practice is to buid
downwards into the collector (Figure 1b).
Also, the first transistors were PNP types.
Conventional current (plus-to-minus cur-
rent, as opposed to electron current)
flows from emitter to collector in a PNP
transistor (Figure 2a) so the names are
actually quite logical. Most transistors
used today are NPN though, in ‘negative
earth’ circuits, and conventional current
flows through them in the opposite
direction (Figure 2b).

Characteristics

It is possible to design transistor
circuits directly from the characteristic
curves, but it's a much easier task if the

Figure 3. The transistor viewed as an amplifier.

transistor is first modelled as some
simple arrangement of resistors and
voltage or current generators. One such
model views the transistor as an amplifier
(Figure 3). The common-emitter config-
uration is shown here, since this is by far
the most widely used. The amplifier has
an input resistance of r,, and an output
resistance of r, and a current gain of G.
The current-generator model is used
instead of the more usual voltage-gen-
erator model because we happen to
know that a transistor’s output cwrent is
more or less proportional to its input
current. Figure 4a shows how the input
current (Iy) depends on the input voltage
(Vpp), whilst Figure 4b illustrates how the
output current and voltage (Ic and V)
are affected by the input current.

The input characteristic is easy to
model. Since the current is almost zero
when the voltage is less than about 0.7
volts and rises almost linearly when the
voltage is more than 0.7 volts, the curve
can be approximated as two straight lines
(Figure 5a). And since a straight-line
graph means that current is proportional
to voltage, the graph of Figure 5a leads
directly to the component model of
Figure 5b. Resistor r, represents the
slope of the graph. For AC signals the
model becomes simpler still, since the
steady 0.7 volt offset can be ignored, see
Figure Sc.
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Figure 4. Input and Output characteristics of a small-signal transistor.

The output characteristics are more
straightforward. Provided V. is greater
than about a quarter of a volt (which can
also be ignored in a simple model), the
output current is directly proportional to
both the output voltage and the input
current. Each characteristic can be
approximated as just one straight line
(Figure 6a). The output resistance 1. (1, in
Figure 3) is the slope of the line. Its value
may be many tens of k-ohms for a small-
signal transistor operated at a few mA of
collector current, though it is much lower
in a power transistor carrying several
amps. The current gain (G in Figure 3) is
the ratio of output current to input current
at zero output voltage (Figure 6b).

The model implies that no collector
current flows when the base current is
zero. In fact, the collector current is never
quite zero. The small residual current is
known as the leakage current (I in
transistor data sheets) and whilst it is
negligibly small in most silicon tran-
sistors, it can be great enough to become
a problem in germanium types. For
example, a BC108 at its maximum junction
temperature of 150°C has a leakage
current of no more than 1SuA, but the
leakage of a medium-power germanium
device may vary from 10uA at 25°C to
ImA or more at 85°C.

Models

Figures Sc and 6b can be combined to
give a perfectly serviceable model of a
transistor. I's not too easy, though,
because r, (Figure Sc) depends in a
complicated way on the base current. To
get round this problem, r;; is usually split
into two components, r,, and r,. Resistor r,,
represents the resistance from the base
terminal to the actual base area, and
varies from a few tens of ohms in a power
transistor to a few hundred ohms in a
small-signal transistor. Resistor r, re-
presents the slope of the base-emitter
diode characteristic (I versus V) at the
operating point - that is, at the chosen
emitter current. It turns out that the value
of 1, is related to the emitter current by
the expression:
30

= — — ohms
Te Emitter current (mA) °

In other words, when the emitter
current is 2mA, 1, is about 15 (), no matter
what type of transistor is being modelled.
The final model is shown in Figure 7.
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Figure 5. Input characteristic.

It must be admitted that this model is
not as elegant or precise as the so-called
‘h-parameter’ model shown in Figure 8,
but it is simple to understand and easy to
use. It even accounts for the frequency-
dependent behaviour of real transistors,
since the current gain (h,) varies with

frequency.

Current Gain

The relationship between base cur-
rent and collector current is not perfectly
linear, so the current gain can be defined
either as hy; (the ratio of collector current
to base current) or as hy, (the ratio of a
small change in collector current to the
corresponding small change in base
current) see Figure 9. Whichever way it
is defined, a transistor's current gain is
far from constant. It depends on collector
current (Figure 10) as well as on
frequency (Figure 11), and it can vary
greatly between apparently identical
devices (Table 1).

Figure 10 shows why current gain is
always specified at a particular collector
current. There is no reason to suppose
that the gain will be the same as the
quoted value at any other collector
current,

Figure 11 illustrates the importance
of the parameter f;, which is defined as
the frequency at which the magnitude of
the static current gain (hyg) has fallen to 1.

Ic ‘

GIgf ————

o Vee

(a) Approximate characteristic

eIt ‘e ’

(b) Model

Figure 6. Output characteristic.

p—= Collector
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Type lc Veeo P Current Gain hre  Vce(sat) fr  Price

max max max min
Low noise amplifier applications

Since hg rolls off at 20dB/decade, it
follows that the current gain is constant at
its lowfrequency value only up to a
max @k max @k (pence) frequency of hepff;, and this can be
surprisingly low. The current gain of (for
example) a ZTX300 with a h of 100 and

2N3707 30 30 250 100 400 0.1 1 10 S 15 .

BCGSC 50 20 300 450 900 2 - - 150 15 | ol O 1S0WHs Begns @ ) off ata
| BC109C 100 20 300 420 800 2 025 10 300 15 The £, figure is the gain-bandwidth

ZTx109 100 30 300 240 %0 2 01 10 350 20 product for the transistor. It is sometimes

BC549 100 30 500 110 800 2 0.25 10 300 15 used as a figure-of-merit: the higher f;

BCes0 100 30 625 380 1400 2 - - 300 40 the ‘better the transistor.

BC239 100 45 300 180 450 2 = - 280 10

General purpose amplifier and switching applications Swlkhing

2N3708 30 30 250 45 660 3 } }8 - 12 Characteristics

2N3711 30 30 250 180 660 - . e

2N2926 30 18 200 35 470 2 S S 200 10 resisang:rf:ec:o sg;}c:‘es:h:;na?u;zd ?:ann

2N706 100 20 300 20 - 10 06 10 150 30 be switched OFF or ON in zero time. A

BC203C 100 20 300 420 800 2 0.25 10200 40 bipolar transistor is a somewhat less than

BC108C 100 20 300 420 800 2 0.25 10300 15 perfect switch. Leakage current flows

BC168C 100 20 300 450 800 2 0.2 10 8 15 even when the device is off: the

BC548 100 30 500 110 800 2 0.25 10 300 15 collector-emitter voltage is never quite

ZTX108 100 30 300 125 80 2 01 10 350 15 zero when collector current is flowing;
| BC171 100 45 300 110 450 2 06 100 250 20 and it takes the device a finite time to

BC1078 100 45 35 200 450 2 0.25 10300 15 move between its conducting and non-

BC547 100 45 500 110 800 2 025 10300 15 conducting states. Transistor manufac-

ZTX107 100 50 300 125 900 2 0.1 10 300 15 turers specify the: important switching

BC183L 200 30 300 125 800 2 0.6 100 150 10 parameters as follows:

BC184L 200 30 300 200 800 2 0.6 100 150 10 . ’

2N303 200 40 310 S0 10 10 02 10 200 20 _ Igpo is the collector cutoff current

2N3904 200 40 310 100 300 10 0.2 10 300 20 with the Pmmef open-cur cwt._ Leakage
| BC182L 200 50 125 450 2 0.6 100 150 10 current rises exponentially with temp-
[ . _— erature. It may be a hundred times larger

Higher current applications at a junction temperature of 90°C than at

ZTX300 500 25 50 30 10 04 10 150 15 35°C, though in silicon devices it is

PN3643 500 30 100 300 150 822 ;(5)0 g& % usually too small to worry about.

ZTX302 500 35 100 300 10 V(sat) is the collector-emitter sat-
| ZTX304 500 70 30 10 04 50 150 30 uration voltage. This is the lowest value to
[ g:g;gg % £ % g (1) . 1% 1% }8 which Vg can fall at the quoted collector

v 800 20 0 300 50 06 100 100 10 current (1) and base current (I;). When

Higher voltage applications

BC117 20 120
| 28C2547 100 120

Darlington
MPSA14 300 30

g 88 g8888EE &
288

Table 1: NPN small-signal low-frequency silicon transistors
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I; is increased to the point that any
further increase makes V. only marg-
30 inally smaller, the transistor is said to be
50 saturated. The quoted values of I and I
for Vg (o) are important too, since hyg
may here be 10 or less. Vg, increases
- 10 1.5 100 125 35 with collector current.

The switching-time characteristics
are best explained graphically, see
S _ Figure 12.

400

h:;on /meall-signal
200
/ /< pi;ower ‘
100
=

0
| 10vA 100pA TmA 10mA 100mA 1A 10A

|\

Collector current

Figure 10. h, varies with collector current.
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20dB/decade

Absolute Maximum | . "~ Power Dissipation

l-“llg‘ ‘ Power dissipated at the collector-
The two junctions in a transistor base junction raises its temperature. This
(collector-base and base-emitter) each causes heat to flow through the body of
have the general characteristics shown in the transistor to its case, and from the
Figure 13. When forward-biased, a case to the outside air. The temperature
junction should not be called on to carry v difference across each of these inter-
too much current, and when reverse- e faces (junction-case, and case-ambient,
biased, it should be prevented from depends on the amount of heat flowing,
going into avalanche breakdown. It and also on how well each transfers the
should also not be allowed to get too hot. heat - that is, on the thermal resistance of
Transistor manufactuers helpfully each interface.
publish figures for the highest voltage, Typical figures for the thermal
current and power level a device can be resistances (in °C/watt) of some common
exposed to and still work properly. It is -1 tzmnsistor packages are quoted in Table

prudent not to exceed these maximum @@

ratings even momentarily, for even if the Figure 13. Junction characteristics.

device survives it may be damaged,and | I
it may fail prematurely. The more

important limits are defined below:
Vero (max) is the maximum voltage
::; :;{neb::ghpllmeg bem::encaﬂedfif ULSED OPE RATION Tj___.i"___;ﬂ_
This sets an upper limit on the power 20 N fz10ms 1 ) 300us |
supply voltage a circuit may safely use, \'"}\
since at switch-on the full supply voltage \ \ﬂj v
may appear across the transistor before Q10 : M" N 1 iy
‘fme(m h:s th h;ohzw;xzﬂ ° [ collector cuu":renl—+_ Tf S 7’\ \+ ]
oo (max) is the hig, ector- G) =15A — ™/ N J 0
to-base voltage the transistor can with- S © T | T ’ AN AN
stand with the emitter open circuit. This o 4 1| | | ‘ \ ;\’ ’,
is the highest reverse-bias voltage that < Maximun st
mlfeqsaf;lzseb;‘)dappixed acrossﬁ hrgﬂ:; s 3 T [ fpower dissipation I 1
collector-| e. It is often = 90w
than Vg, S —T T
Vo (max) is the highest reverse- - ' ‘ socond"y l
bias base-emitter voltage the transistor ::::::?s’;: \\ I
can withstand with the collector open 10 l — . — \&E-‘
circuit. This is the corresponding figure o8f— L | | | \\. }
for the base-emitter diode; it is typically ‘ ‘ ‘ I T 1 A
8V for a silicon device. Fortunately, most el T T 1T 1 T T N1
circuits don't require the base-emitter I ; I |
junction to be reverse-biased. AT 11T T —TH
I (max) is the highest continuous. 03 o 4 + 'f
collector current the transistor can ‘ \ Maximum——" |
tolerate. This current is specified under 02 ———t—1—F+—1+—rtcollector-emitter
pulsed conditions for some devices. The ‘ J '°;L;g°
maximum safe continuous current may | :
be less. 01 | || Ll
e PM'(?xgaisstil?eJ;mqung otfep:;,v:; 1 2 3 4 6 810 20 30 40 60 80 100
its case is at 325°C. This po‘:er level Collector-emitter voltage

corresponds to the highest temperature
the collector-base junction should be
allowed to reach. The case is most . —
unlikely to be at 25°C, of course. Figure 14. Safe Operating Area for a power transistor.
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To see what these figures mean in
practice, suppose a BC108 (in a TO-18
package) is dissipating 150mW in air
warmed to 30°C. The case temperature
will be:

Tease = 30 + (0.15 x 300) = 75°C
And so the junction temperature will be:
T, = 75 + (0.15 x 200) = 105°C

Heat is transferred much more
effectively from the case to the ambient
air if the transistor is in good thermal
contact with a heatsink. It is not difficult
to see the importance of an efficient
heatsink for a power transistor dissipat-
ing many watts of power.

Second Breakdown

The Safe Operating Area for a
typical power transistor is shown in
Figure 14. As well as specifying limits for
the maximum voltage, current and power
the device can handle, the graph wams
of one further restriction.

Power transistors can suffer from a
phenomenon known as ‘second break-
down’, in which the collector-emitter
voltage drops abruptly to a small value
and the current rises sharply (and often
fatally). The problem is caused by the
emitter current concentrating itself in one
small area and so creating a local hot-
spot. The solution is to set limits for how
large the current may safely be at any
given collector-emitter voltage. The
limits are less stringent when the
transistor is switching short current
pulses than for normal DC operation.

Type Numbers

Transistors are identified by means
of a group of letters and figures.
European practice is to use a two-letter,
three-digit code (e.g. BC650). The prefix
letters define the semiconductor material
and the likely application area, see Table

Germanium A C Low frequency,
small signal
Silicon B D Low frequency,
power
F High frequency,
small signal
L High frequency,
power
S  Switching, small
signal
U Switching, power

Table 3. Prefix codes.

Sometimes three prefix letters are
used instead of two (e.g. BCY71). The
third letter indicates that the device is
intended for more specialised and
demanding industrial applications. The
suffix letter which is also sometimes
added (e.g. BC109C) identifies the
device's gain (hgp) range:

A 110 to 220
B 200 to 450
C 420 to 800
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Metal can: TO-18:
Plastic: TO-92
Metal can: TO-39
Plastic: TO-220

Metal can: TO-3:

American practice is to use the
JEDEC system: a four-digit code number,
prefixed by one digit and one or two
letters (e.g. 2N3707). The ‘2’ indicates that
the device has two junctions - in other
words, that it is a bipolar transistor.

Selection

How do you choose the best
transistor from the vast range on offer?
Obviously, only you can decide what (if
anything) is special about the application.
Is it a fast switch for interfacing to TTL? Is
it an RF power amplifier? The current
Maplin catalogue groups together
devices intended for similar applications,
and Figure 15 is8 a guide to the 23
categories available.

Field-effect transistors are a subject
all on their own, and there isn't sufficient
space in this article to discuss them too
(we shall do this next time), so let's
assume that on this occasion only a
bipolar device will do. Further, unless
there is some compelling reason for

TRANSISTOR

FET —e Low frequency: 2N3819
LOw pow.r-E MOSFET—= High frequency: 3 N140
Field oll.ct-|: GaAsFET—e Microwave lreq: 25K571

High power —= VMOS

200 300
100 100
35 200
2 60

5 35

choosing a germanium device - perhaps

as a replacement for a failed transistor in

some sensitive part of an existing circuit -
it would be better not to.

The remaining bipolar silicon tran-
sistors are amplifiers and switches of
varying power-handling capability, in-
tended for either audio or RF designs.
Having narrowed the choice down to one
or two categories, the next step is to
decide the voltage, current and power
stresses the device must withstand in
service. If you are not sure about these
figures, some rules-of-thumb may help to
guide you:

Veeo(max) should be greater than the
power supply voltage;

I(max) should be greater than the
standing collector current - that is, the
power supply voltage divided by the
load resistance;

Ppor(max) should be greater than half the

product of the power supply voltage
and the standing collector current.

28K133

Ge: AC126
smell
signal Low noise: BC109
s-{nign gain MPSAlS
Gen purpose BC 108
Ge AC187
Medium
ORI Low volitage BFYSO
Low Si{
—
,'.q."c' High voltage 28D756
AD149
L. High High voltage MJE 340
powet
eAmplifiere High gain TiP122
Gen purpose 2N3055
|
v h ht H
I 5"‘"'.{: ery ig req BFR90A
Lollpolnl- L. High signal Gen purpose e F115

tregency

Pi;nnls.Choodngnnnddor.

Medium power

High power

L-ﬁg

Medium power

High power

8F258
2N38e6
ACY19
2NT706
ZTXxes50

28C1182




The number of possible choices
should now be down to a handful, and it’s
time to consider the trade-off between
price and performance. If the transistor
must amplify small signals, how impor-
tant is its noise performance? If it must
switch current, how important are its
tum-on and turn-off times?

Choosing
Slnall-sig:cl Transistor

To illustrate these ideas, suppose a
transistor must be chosen for the straight-
forward common-emitter amplifier
shown in Figure 16.

First, what are the minimum accept-
able values of Vo, (max), L. (max) and
Pyor (max)? The transistor is powered
from +24V, so it would be reasonable to
choose a device with a Vg (max) of 30V
or more.

The collector current can’t be more than:
24

———— mA = 0.58mA
(39 + 2.4)
In fact, since the base voltage is held at:
82
H4x——— =182V
* (82 + 1000)

82k -
2k4 47uF

I

!;iqlue 16. ijm;u m;uil;x mge

The emitter current is more likely to be
around:

(182 - 0.7)
2.4
So the collector-emitter voltage will be:
[24 — 047 x (39 + 2.4)] = 4.5V

And the average power dissipation will
be:

= 0.47TmA

[0.47 x 4.5] = 2.1mW

It's clear that I; (max) and Py (max)
are not important criteria in this circuit.

Next, what devices are available to
choose from? Table 1 lists the Maplin
range of small-signal low-frequency NPN
transistors, arranged in ascending order
of collector current. It appears that any of
the following devices would be rugged
enough for the job:

2N3707, ZTX109, BC459, BC650, BC238,
2N3708, 2N3711, BC548, ZTX108, BCI71,
BC107B, BC547, ZTX107, BC183L, BC184L,
2N3903, 2N3904, BC182L.

Finally, how large must h, be? The
bleed current through the 82k and IM
base resistors is about:

24
(82+1000) 22uR

And this must be at least ten times
the base current. It follows that the
transistor’s current gain must be at least:

0.47
0.0022

So the choice boils down to either
ZTX109 or a BC650. The ZTX109 is halt
the price of its rival, so this is the one to
go for.

In the next part of this series we shall
set about choosing the right Field Effect
Transistor.

= 214
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1. (1) Loudspeaker Enclosure Design and
Construction. (WM82D) Cat. P60.
2. (12) MIDI Projects, by R.A. Penfold.
(WP49D) Cat. P61.
3. (3) Remote Control Projects, by Owen
Bishop. (XW39N) Cat. P57.
4. (2) Power Supply Projects, by R.A.
Penfold. (XW352G) Cat. PS6.
S. (4) International Transistor Equivalents
Guide, by Adrian Michaels. (WG30H)
Cat. PS2.
6. (7) How to Design and Make Your Own
PCB's, by R.A. Penfold. (WK63T)
Cat. PS5.
7. (8) Electronic Security Devices, by R A.
Penfold. (RI43W) Cat. PS7.
8. (17) 30 Solderless Breadboard Projects
Book 1, by R.A. Penfold (WASIF)
Cat. P8S.
9. (20) 50 Simple LED Circuits Book 2, by
R.N. Soar. (WG43W) Cat. PS9.
10. (13) Mastering Electronics, by John
Watson. (WM60Q) Cat. PSS.
11. (-) How to get Your Electronic Projects
Working, by R A. Penfold (WAS3H)
Cat. PSS.
12. (8) How to Use Op-amps, by E.A. Parr.
(WA29G) Cat. P54.
13. (-) More Advanced Electronic Music
Projects, by R A. Penfold (WP44X)
Cat. P61.

14. (10) Electronic Music Projects, by R.A.
Penfold. (XW40T) Cat. P60.

18. (16) Audio Amplifier Construction, by R.
A. Penfold. (WM231]) Cat. P59.

16. (6) ICS538 Projects, by E.A. Parr. (LYO4E)
Cat. PS8.

17. (11) Practical Electronic Calculations &
Formulse, by F.A. Wilson. (RQ23A)
Cat. P§3.

18. (-) Easy Add-on Projects for Commodore
64, VIC-20, BBC Micto & Acomn
Electron, by Owen Bishop (WP29G)
Cat P70.

18. (-) 50 Projects using Relays, SCRs &
Triacs, by F.G. Rayer (RH30H) Cat.
P56

20. (-) Introduction to Electronics, by Pam
Beasant. (WPSOE) Cat. PS5,

These are our top twenty best selling
books based on mail order and shop sales
during October, November and December
1986. Our own magazines and publications are
not included. The Maplin order code of each
book is shown together with page numbers for
our 1987 catalogue. We stock over 250 dif-
ferent titles, covering a wide range of elec-
tronics and computing topics.
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Using your Amstrad
CPC Disk Drives

by J.W. Penfold

This book shows how you can use the
disk drive of the remarkable Amstrad
CPC6128 for best results. Most of the
techniques described also apply to the
use of the CPC664 and 464 drives with
DD1. Also some of the general inform-
ation and CP/M Plus detaits can be
applied to the PCW8256 and 8512.

All aspects of disk drive usage are
covered, from loading/saving programs
to using the disks for data storage,
using the disk as an aid to writing
programs in BASIC and other
languages, etc.

Both the native Amstrad AMSDOS and
the CP/M operating system are
covered. Some popular applications
programs are described in brief which
include TASWORD 6123 and DR
DRAW.

177 x 110mm, 88 pages, illustrated.
Order As WPS5Y (Use Amstrad Disc
Drives) Price £2.95 NV

Further Practical
Electronics
Calculations and
Formulae

by F.A. Wiison

A companion volume to the original
reference book Practical Electronics
Calculations and Formulae, this version
continues on from where the other
finishes. Where the first book deals
with components, elementary circuit
analysis, networks and measurements,
this book encompasses many aspects
of electronics where a knowledge and
tamiliarity of the appropriate formulae is
essential for a fuller understanding of
the subject, in order to achieve the
desired results.
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5th edition

Written in the same style as the first
volume, but which it does not replace,
this is a practical workshop manual,
where tedious, high level maths is
deliberately unconfused and
accompanied by copious working
examples to illustrate the principles.
There are fourteen chapters, each, as
far as is possible, covering a group of
related subjects making it easy to go
straight to the required information.
These include electrical, electrostatic
and electromagnetic theory, amplifiers
and signal generation and processing,
communications, sound, radio, digital
logic and power supplies.

178 x 110mm, 450 pages, illustrated.

Order As WP68Y (Further Elec
Calcs) Price £4.95 NV

Newnes Electronic
Pocket Book

by E.A. Parr

The 5th edition of this pocket book now
includes the latest aspects of
semiconductor technology, namely LSI
integrated circuits and
microprocessors and their support
chips, as well as operational amplifiers
and communications devices. The
book commences with electron theory,
principles of thermionic valves and
semiconductors, manutacture of
semiconductor devices and ICs, going
on to illustrate essential circuit design
for amplifiers and oscillators for most
applications, AF and RF. A large
proportion of the book is given over to
digital techniques and computer
systems and their construction,
culminating in such diverse topics as
opto-electronics, servo and control
mechanisms and power supplies. A
comprehensive reference data section
s also provided. Many obscure terms

which apply to manufacturing methods
of various semiconductor devices are
fully explained. An invaluable

reference book for the amatuer and the
engineer alike working with real
electronic components in circuit. Very
readable.

196 x 95mm, 327 pages, illustrated.
Order As WP67X (Elec Pocket

Book) Price £8.95 NV

Electronic Circuits for
the Computer Control
of Robots

by R.A. Penfold
Probably one of the most interesting
combinations of home computing and
electronics for the hobbyist to
experiment with is in the worid of
robotics. This ‘science’ need not be
over-complicated nor the hardware too
expensive, since allthat is entailed is to
provide some form of interactive
machine control by a microprocessor -
how complex the function is entirety
up to you! There are robotics kits and a
wide range of mechanical components
now available for a variety of
machines. It is also a comparatively
simple matter to provide
microprocessor hardware, using
software that need not be over-
complicated, and many home
computers are well suited to the task.
The main problem for most would-be
robot experimenters is the interfacing
electronics betwixt computer and
sensors, electric motors etc. This book
explains the principles required and
provides some examples of basic,
simple electronic circuits that will
achieve this task.
177 x 110mm, 92 pages, illustrated.
Order As WP66W (Circuits to
Control Robots) Price £2.95 NV
57
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Avudio Level Tester

This device is intended as an aid to
checking audio equipment, and it is a
form of audio signal tracer. However,
rather than the usual audio amplifier
feeding an earphone or a miniature
loudspeaker, this design has a ten LED
bargraph display with the LEDs at 3dB
intervals on the scale. The unit therefore
provides a fairly accurate indication of
the audio level present in the circuit,
provided it is within the measuring range
of the unit of course. When used in
conjunction with an audio signal gen-
erator or function generator this makes
the unit suitable for such things as voltage
gain measurement and frequency res-
ponse testing. In other words, it is in
many ways more like a very basic audio
millivolt meter than a conventional audio
signal tracer, and it can often provide
more meaningful results than an ordinary
signal tracer. The user should be aware
of the devices's weaknesses though, and
these are mainly that it will not detect
very low level signals, and it does not
give any idea of the waveform that it is
measuring. It is therefore useless trying
to test something like a low impedance
dynamic microphone (with its sub 1
millivolt RMS output level) using this

from Robert Penfold

<

tester, or searching for the stage in an
amplifier which is producing clipping.
Like virtually any simple piece of test
gear, it can be very helpful and
worthwhile if used thoughtfully and in the
right context, and worse than useless if it
is not.

Circuit Operation

The circuit is similar to that of a LED
audio level indicator, and it could actually
be used in this role if desired. Basically
the unit comprises a precision half wave

rectifier driving a smoothing circuit and a
bargraph driver.

Looking at the circuit in more detail,
IC1 is the active device in the precision
rectifier, which is a simple half wave
type. For reasonably accurate results
with low level signals, it is essential to use
some form of active circuit in order to
overcome the inherent non-linearity of
semiconductor diodes. This lack of
linearity is most severe with silicon
devices which require a forward bias of
about 0.5 volts or so before they will start
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to conduct significantly. In this circuit a
germanium type is used, and although
these offer much improved performance
on low level signals, they still need some
external assistance in order to give really
good results.

In this circuit, the standard approach
of including the diode in the negative
feedback look of an amplifier has been
adopted. This boosts the output voltage
of the amplifier by an amount which is
equal to the voltage drop through the
diode, and this exactly compensates for
the forward voltage drop. The gain of the
amplifier has been made variable by
means of RV1 to permit calibration of the
unit. R1 and R2 form a simple 0dB/—20dB
attenuator at the input of the unit, and this
enables the sensitivity of the unit to be cut
by a factor of ten so that relatively high
level signals can be accommodated.

The bargraph driver is an LM3915N
logarithmic type which has 3dB
increments between the LEDs. Here it is
inred in the ‘dot’ mode and it does not

provide a true bargraph display. This
gives slightly less clear results, but the
current consumption is substantially
reduced so that the unit can be powered
from a small 9 volt battery if desired. C2
smooths the input signal to the bargraph
driver, and this is important as the signal
would otherwise be varying at a very fast
rate making the display dim and blurred.
R17 sets the LED current at approximately
10 milliamps.

Construction

There are two basic constructional
forms that can be used with a device of
this type. The first method is to build it as
a conventional instrument with a set of
screened test leads which connect to JK1.
The second approach, and perhaps the
better one, is to build the unit as a probe,
with Cl connecting to the probe tip and
an earthing lead fitted with a crocodile
clip connecting to the negative supply
rail JK1 then being omitted). The gain of
the circuit is not particularly high, and at

111k the input impedance is only
moderately high, and the component
layout is not all that critical, although
reasonable care needs to be taken with
the layout of any fairly sensitive audio
circuit. On the prototype the LEDs are ten
separate 5 millimetre types. A proper
bargraph can be used if perferred and
will give the unit a neat appearance,
albeit at a greater cost.

RV1 is adjusted to give the desired
full scale sensitivity, which can be
anything from under 100 millivolts peak
to peak, to over 800 millivolts peak to
peak with Sl in the ‘H’ position. With it set
to the low sensitivity ‘L’ position the full
scale voltage is boosted by a factor of
ten. The best setting to use is to some
extent a matter of personal preference,
and also depends to some degree on the
equipment that will be tested, but a full
scale value of about 200 millivolts peak to
peak with Sl at the ‘H' setting probably
gives coverage of the most useful
dynamic range.

Sound Triggered Flash

With the aid of an automatic flashgun
trigger, it is possible to take a variety of
action shots that would be practically
impossible by any other means, and
which would take innumerable attempts
in order to catch just the right moment.
The most popular form of automatic
trigger is probably the sound triggered
type. These are suitable for shots such as
balloons in mid-burst, water splashes,
champagne corks ‘popping’, etc., and the
very short duration of the output from an
electronic flashgun usually ‘freezes’ the
action well enough to give a sharp image.
Of course, shots of this type must be
taken under quite dark conditions as the
camera'’s shutter must be set to ‘Bulb’ and
left open for a few seconds while the
exposure is made, and shots really need
to be carefully set up and rehearsed if a
lot of wasted film is to be avoided.

Circuit Operation
This unit is designed primarily for
use with a low impedance dynamic

Sound Triggered Flash

microphone (the type used with in-
expensive cassette recorders), although
it will function reasonably well with
crystal, high impedance dynamic types,
or types which have similar output
characteristics to the latter. With any of

these types of microphone the output
level is only going to be something in the
region of 1 millivolt, and a considerable
amount of amplification is needed in
order to boost the signal to a level that
can drive a switching device of some

51 ON/OFF
+_—<l>/

2

188UF
’——l..
R2
«7
8
| X1 .3
n| 1m0 '
- [
3 2l 1
MIC 2 R '
[ 1UF
BCS49
| |
. 1




R N R R T A e R O e

kind. In this case a two stage common
emitter amplifier is used, and this
provides over 80dB of voltage gain. RV1
is the gain control, and it is generally
advisable to have the gain no higher than
is really necessary as this would almost
certainly result in frequent spurious
triggering of flashgun, and possibly a lot
of wasted frames.

The output from the amplifier is used
to trigger a monostable based on 555
timer device ICl. This gives a nominal
output pulse duration of 1.1 seconds, and
it activates LEDI to show that the unit has
been triggered properly. This is of little
value in normal use when the flashgun
will obviously fire if the unit is triggered
properly, but it is very useful for ‘dry’
runs when preparing to take a shot. The
output pulse from ICl is also used to
trigger a thyristor which in turn activates

the flashgun. RV2, R8 and C6 provide a
variable delay before triggering occurs,
and this is useful for taking a sequence of
shots to show (say) a balloon at the
instant it starts to burst and the first tears
that start to appear in it, through to the
point where it has fully collapsed. Note
that the distance from the sound source
to the microphone also introduces a small
delay, and for rapid triggering this
distance should be as short as possible. If
very fast triggering is required it would
also be advantageous to include a switch
to permit C6 to be cut out of circuit.

Construction

The amplifier section of the unit has
quite a high level of voltage gain, and
consequently the component layout for
this section of the unit needs to be

designed with suitable care. An output
socket to suit the miniature coaxial plugs
fitted to flashgun leads might be obtain-
able from a large camera accessory
stockist, but a simple alternative is to use
a socket and short piece of lead cut from
a flash extension lead. The lead must be
connected through to CSR1 with the
correct polarity, and this is something
that can be checked using a multimeter
set to a high DC voltage range. CSR1 will
not be damaged if the lead is connected
with the wrong polarity, and it is
therefore quite alright to determine the
correct method of connection using trial
and error. Note that the circuit will only
function properly with a sensitive
thyristor such as the C106D, which will
trigger from a gate current of well under
a milliamp, which precludes most other
devices from use in the unit.

In-Circuit
Resistance Meter

Accurately measuring the value of a
resistor that is out of circuit usually
presents no great problem, and even the
most basic of multimeters usually has a
number of resistance measuring ranges
that cover most likely values. Measuring
the resistance of a component that is
in-circuit is a very different proposition,
and there is the problem of other
components in the circuit placing
resistance in parallel with the component
that is being measured. This gives a
lower reading than the true value of the
component.

In modern circuits this problem is
largely due to the semiconductors in the

circuit rather than other resistors.
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Semiconductor junctions (which can be
in diodes, transistors, integrated circuits,
or practically any semiconductor
component) are often forward biased by
the voltage source in the multimeter, and
this results in a very low reading.
Sometimes simply reversing the test
leads will cure the problem, but although
this might eliminate the original junction
by reverse biasing it, it may well forward
bias a second junction and re-introduce
the problem.

The most simple solution to the
problem is to use a resistance measuring
circuit that operates with a maximum
voltage across the test resistance that is
too low to bring a silicon semiconductor
junction beyond the threshold of
conduction. This means keeping the
voltage down below about 0.4 volts,
which is substantially less than that used
by most resistance measuring devices. It
must be stressed that this system should
eliminate the shunting effect of
semiconductor junctions, but it will not
cut out any pure resistance in parallel
with the component under test. Very
often there will be no significant
resistances of this kind, but if a low
reading is obtained one lead of the
resistor should be disconnected from the
board to isolate the component from any
paralle] resistance, and the check then
repeated. Of course, if an excessive
resistance reading is obtained this
certainly means that the device under
test is a ‘dud’ (or you have forgotten to
switch off the supply before starting
work on the equipment!).

Circuit Operation

The unit operates on the well
established principle of supplying a
constant current to the test component,
and then measuring the voltage
developed across it (which is pro-
portional to its resistance value). A point
in favour of this system is that it gives a
forward reading linear scale rather than
the reverse reading logarithmic type of a
conventional analogue instrument.

In this circuit TR1 operates as a
standard constant current source, and
the five switched emitter resistances
provide five output currents. These give
the unit measuring ranges having full
scale values of 1k, 10k, 100k, 1M and
10M. Normally with circuits of this type
low resistance ranges cause problems as
they require quite high test currents. In
this case the currents are relatively low,
and it would be acceptable to add a 10012
range if desired by using the otherwise
unused position of Sl to switch a 15002
resistor into circuit. This still only gives a
test current of about 4.3 milliamps. An
advantage of the low test curtents and
voltages is that there is little risk of
damaging anything in the circuit under
test. On the other hand, it does mean that
the voltmeter section of the unit must
have an extremely high input impedance
in order to give good accuracy,
particularly on the higher ranges. This
requirement is fulfiled by using an
operational amplifier having a MOSFET
input stage to provide buffering and a
certain amount of voltage amplification.

C3 rolls off the frequency response of
this stage to avoid problems with stray
pick-up of mains ‘hum’ and other noise.
There is a separate preset resistor for
each range in the voltmeter circuit
(switched by S1b) so that each range can
be individually calibrated.

* With no test resistance the meter
will be driven beyond full scale
deflection. In order to avoid this, IC2 is
used to detect an excessive output
voltage from ICl and to switch on TR2
which diverts the output current from the
meter. This could cause confusion, where
it is unclear whether the meter is showing
a low and valid reading, or an overload is
being suppressed. LEDI] avoids this by
lighting up when a valid reading is
present.

Construction

The unit offers little that is difficult as
far as construction is concerned, but bear
in mind that both integrated circuits are
MOS types and consequently require the
usual antistatic handling precautions. For
calibration purposes five 1% resistors
are required, and these should have
values equal to the full scale values (1k,
10k, etc). It is just a matter of connecting
the appropriate resistor for the range that
is being calibrated, and then adjusting
the correct preset for precisely full scale
reading on the meter. RV6 is given any
setting that permits a full scale reading to
be obtained, but which also suppresses
the meter with no test resistor connected,
and its exact setting will probably not be
critical.

Audio isolator

It is sometimes necessary to couple
an audio signal from a piece of
equipment without making any direct
connection to the equipment. The most
common example of this is where a
headphone or tape output is required
from a television or other item of gear
which has a ‘live’ chassis, and the
isolation is required to avoid problems
with electric shocks and short circuits to
Earth. Another use for an audio isolator is
where (say) a number of musical
instruments are connected together and
there are problems with ‘hum’ loops. the
easiest solution to the problem is to use
an isolation transformer, but in practice
suitable components seem to be un-
obtainable. Where an output is required
from a circuit that has a ‘live’ chassis,
even if a transformer with the right
input/output characteristics could be
obtained, that is not to say that it would
necessarily guarantee to withstand a few
hundred volts without breaking down.

What is generally a more satis-
factory solution to the problem is to use
an opto-isolator plus some simple
electronics to provide the signal transfer,
and that is precisely what this circuit
does. It has to be emphasised that if the
unit is to be used to provide an isolated
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output on equipment which has a ‘live’
chassis, it is essential that the person
installing it knows exactly what they are
doing and have the requisite experience
to undertake this task. This is quite
definitely not a beginners project, and is
potentially very dangerous if used in-
correctly with ‘live’ chassis equipment.
Circuit Operation

The obvious method of using the
audio input signal to vary the input
current to the LED in the opto-isolator,
and then taking the audio gputput from a

load resistor on the transistor side of the
device does not generally work well in

practice. The two problems that com-
promise results are rather poor linearity
through the system, and a vulnerability to
the pick-up of ‘hum’ and other electrical
noise. Better results are usually obtained
using an ultrasonic carrier wave having
either pulse width or frequency mod-
ulation. In this circuit frequency modula-
tion is used.

On the input side of the unit ICla
acts as a buffer amplifier which gives an -
input impedance of about 50k, and IC1lb
is the buffer stage in an active third order
lowpass filter. This prevents high freq-
uency signals from reacting with the
carrier signal to give distortion products
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AUDIO LEVEL TESTER

PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 100k 1 (M100K)
R2 11k 1 (MI11K)
R3 47k 1 (M47K)
R4,8 1k 2 (MIK)
R6 10k 1 (M10K)
R7 k2 1 (MI1K2)
RVl 10k Hor Sub-min Preset 1 (WRS8N)
CAPACITORS
Cl 330nF Poly Layer 1 (WW47TB)
C2 10uF 80V PC Electrolytic 1 (FFO4E)
c3 100uF 10V PC Electrolytic 1 (FF10L)
SEMICONDUCTORS
IC1 CAS3I40E i (QH29G)
IC2 LM33818N 1 (YY96E)
D1 04391 1 (QH723P)
D3-11 Red LED 10 (WL2TE)
MISCELLANEOUS
X1 3.8mm Jack Socket 1 (HF82D)
S1 SPDT min Toggle 1 (FHS8G)
S2 SPST min Toggle 1 (FHI7S)
Bl 8V (PP3 size) Battery 1 (FK62S)
Battery Clip 1 (HF28F)
IN-CIRCUIT RESISTANCE METER
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 3k3 1 (MB3K3)
R2 1k8 1 (MIKS)
R3,11 18k 2 (MISK)
R4 150k 1 (M150K)
RS M8 1 (M1MB8)
R6 10M 1 (MI10M)
R7 8M2 1 (M8M2)
R8 100k 1 (MI00K)
RS,13 10k 3 (MI10K)
R10 39k 1 (M39K)
R12 8k6 1 (MSKS)
R14 1k 1 (MIK)
RV1-§ 47k Sub-min Hor Preset 8 (WR60Q)
RV6 10k Sub-min Hor Preset 1 (WRSBN)
CAPACITORS
Cl 100uF 10V PC Electrolytic 1 (FF10L)
c2 100pF Ceramic 1 (WX56L)
Cc3 220nF Poly Layer 1 (WW48Y)
SEMICONDUCTORS
IC1 CA3130E 1 (QH28F)
IC2 CA3140E 1 (QH29G)
TRI BC559 1 (QQ18Y)
TR2 BC549 1 (QQIER)
TR3 BCI179 1 (QB54])
D123 1N4148 3 (QLBOB)
LED1 LED Red 1 (WL2TE)
MISCELLANEOUS
Sl 6-way 2-pole Rotary Switch 1 (FH43W)
S2 SPST Sub-min Toggle 1 (FHOTF)
ME1 100xA Panel Meter 1 (RW92A)
SK1,3 2mm socket 2 (HF24X)
Bl 9 volt (PP8) Battery 1 (FK62S)
Battery clip 1 (HF28F)
8 pin DIL IC holder 2 BLITT)

SOUND TRIGGERED FLASH
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 470R 1 (M470R)
R2,8 4k7 2 (M4KT)
R3 M8 1 (M1M8)
R4 M2 1 (M2M2)
R6 M 1 (M1IM)
R7 1k 1 MIK)
R8 330R 1 (M390R)
R9 100k 1 (M100K)
RV1 10k LOG Pot 1 (Fwazy)
RV2 32k LIN Pot 1 (FW03D)
CAPACITORS
Cl7 100uF 10V PC Electrolytic 2 (FF10L)
C24,8 1uF 100V PC Electrolytic 3 (FFO1B)
c3 2,3F 100V PC Electrolytic 1 (FF02C)
(o] 220uF 18V PC Electrolytic 1 (FF13P)
SEMICONDUCTORS
IC1 NES58 1 (QHBEW)
TR1,2 BC549 2 (QQISR)
LED] Red LED 1 (WL27E)
CSR1 C106D 1 (QH30H)
MISCELLANEOUS
S1 SPST min Toggle 1 (FHOTF)
Bl 9 volt (PP3 size) Battery 1 (FKB2S)
SK1 3.8mm Jack Socket 1 (HF82D)
SK2 Min. coax socket (see text)
Microphone and phig 1 (YB3}
AUDIO ISOLATOR
PARTS LISTY
RESISTORS:; All 0.6- 1% Metal Film
R12 100k 2 (M100K)
R3,4,8,7,11,13,13,
14,18 10k 9 (M10K)
R6 4k7 1 (M4KD)
R8 1k2 1 (MIK2)
R9 470R 1 (M470R)
R10 2k2 1 (M2K2)
R16,17 47x 3 (M47TK)
RIS 2k7 1 (M2KT)
RI19 8ké 1 (MBKS6)
CAPACITORS
ClLl18 100uF 10V PC Electrolytic 2 (FF10L)
c2 1uF 100V PC Electrolytic 1 (FFO1B)
c3 2n2F Poly Layer 1 (WW24B)
C4 3n3F Poly Layer 1 (WW25C)
c8 220pF Polystyrene 1 (BX30H)
(o::] 330pF Polystyrene 1 (BX31])
C19,14 InF Poly Layer 3 (WW2az2yY)
(o::} 680pF Polystyrene 1 (BX34M)
Cl0 4n7F Poly Layer 1 (WW26D)
Ccll 180pF Ceramic 1 (WX59P)
Cl2 4,.7F 63V PC Electrolytic 1 (FFO3D)
c13 10u.F SOV PC Electrolytic 1 (FFO4E)
SEMICONDUCTORS
IC1 1488C 1 (QH46R)
1C2 NESSS 1 (QHBEW)
IC3 4001BE 1 (QX0C1B)
IC4,8 #A741C 8 pin DIL 3 (QL22Y)
OPTO1 Single Opto-isolator 1 (WL38Q)
MISCELLANEOUS
JK1 3.8mm Jack Socket 1 (HF82D)
14 pin DIL IC Socket 1 (BL18U)
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on the output. The carrier oscillator is a
555 astable circuit which is modulated by
the normal means of coupling the audio
input signal to pin 5. The carrier
frequency is around 100kHz incidentally.
1C2 drives the LED in the opto-isolator via
current limiting resistor R8.
Unfortunately, ordinary opto-isola-
tors are not particularly fast in operation,
and the output signal across load resistor
R9 is a fairly weak triangular waveform.
This is amplified by TRI1 though, which
gives a virtual square wave output signal
having quite fast rise and fall times. The
F.M. demodulator is a monostable circuit
which is formed by two of the 2 input
NOR gates of IC3. A monostable might
seem to be an unlikely form of F.M.
demodulator, but it can work very well in
this roll. Under quiescent conditions the
output waveform of the monostable is a
squarewave signal, as shown in (a) of the

| eLARRRARA
ov

| hlsininininis
.0V

waveform diagram. If the input freq-
uency is increased, the output pulse
length remains the same, and the gap
between the pulses narrows (as in (b)).
With reduced input frequency the dura-
tion between output pulses increases,
giving a waveform of the type shown in

(c). The point here is that the average
output voltage varies in sympathy with
changes in the input frequency, and
there is a linear relationship between the
two.

In order to recover the demodulated
audio signal a lowpass filter is needed,
and it must give a high degree of
attenuation in order to give an output
signal that contains an insignificant
carrier content. In this circuit a 24dB per
octave active filter is used. This is
followed by a low gain amplifier based
on ICS5 which gives a further stage of
filtering. This also boosts the output
signal slightly so that there is approx-
imately unity voltage gain through the
unit.

Construction

The main point to check when
constructing the unit is that there is no
path of conduction through the unit. It is
worthwhile checking the finished unit
with a multimeter set to a high resistance
range to ensure that no connection
through the unit has been inadvertently
left. It may be possible to tap off the
supply for the input side of the circuit
from the equipment which supplies the
input signal, but the output side of the unit
must, of course, have an entirely separate
and safe power source.

As far as audio quality is concerned
the unit is not up to true hi-fi standards,
and it has something less than the full
audio bandwidth. It provides a very
acceptable level of performance though,
and is more than adequate for most

purposes.

for details.

MAPLIN’S TOP
TWENTY KITS

THIS LAST DETAILS IN
MONTH  DESCRIPTION OF KIT CODE PRICE PROJECT BOOK
1. (1) & Live Wire Detector LK63T £350 14 (XA140Q)
2. (4) o Partylite LW93B £9.95 Best of E&MM
3. (2) « USonicCar Alarm LK75S £16.95 15 (XA15R)
4. (3) « 150W Mosfet Amplifier ~ LWBIF £17.95 Best of E&MM
5. (5) 4 Car Burglar Alarm LW78K £7.95 4 (XAO4E)
6. (8) = UR Prox. Detector LM13P £10.95 20 (XA20W)
7. (6) e Ultrasonic Intruder Detector LWB3E £11.95 4 (XAO4E)
8. (-) & 27MHz Transmitter LK55K £7.95 13 (XA13P)
9. (11) « 15W Amplifier YQ43W £6.50 Catalogue
10. () « TDA7000 Radio LK32K £1295 9 (XA0SK)
1. (7)) « 8W Amplifier LW36P £550 Catalogue
12. (12) 4 Car Battery Monitor LK42V £750 Best of E&MM
13. (-} = 27MHz Receiver LKS6L £B.95 13 (XA13P)
14. (19) = Stepper Motor and Driver LK76H £1595 18 (XA18U)
15. (9) « PWM Motor Driver LK54) £9.95 12 (XA12N)
16. () e LightPen LKSIF  £9.95 12 (XAI2N)
17. (17) 4 Servo and Driver LK45Y £10.95 11 (XA11M)
18. (16) = Noise Gate LK43W £10.95 Best of E&MM
19. (15) « Syntom LWB6T £13.95 Best of E&AMM
20. () = Xenon Tube-Driver LK46A £11.95 11 (XA11M)

Over 150 other kits also available. All kits supplied with instructions.
The descriptions above are necessarily short. Please ensure you know
exactly what the kit is and what it comprises before ordering, by checking the
appropriate Project Book mentioned in the list above - see inside back cover
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VARIOUS POR SALE

AVRO MULTTMETER Model 9 Mk4.
Excellent condition. Comes complete
with leads, prods, crocodile clips (2
pairs), instruction manual & new
battery. Very reliable, high quality
meter. £50 bargain. Mr. K. Lord 82
Rossfold Road, Sundon Park, Luton,
Beds. LU3 3HH.

OSCILLOSCOPE SOLARSCOPE
CD1014-3 £35: 10W amp 13V £12:
Multirecorder Cutec MR402 4-track
home studio tapes speed 9.5crvs £210:
Icom IC2E £108: Foster microphone
XLR £20: Cardioid microphone
high/low imp. XLR £20. Tel. 0484 548392
or 25589.

MAPLIN MODEM fully tested, as
new, £48. Pair JPW hi-fi speakers with
stands, £78. Various hobbyist’s bits &
pieces, send for list. Toms, 212
Teignunouth Road, Torquay TQ1 4RX.
(0803) 38177.

MAPLIN SPEECH SYNTHESISER £33.
Watiord Drum Rhythm Generator £23.
Phonosonics reverb. amp £18. Hi-fi TV
sound tuner £17. Vero 19in. rack
cabinet holds 100mm x 160mm PCBs
£32. Atari trackball £9. UK10] Sound
Gen. £9. Tel. (0802) 66026.
SATELLITE BOFFIN'S Parabolic dish
48in. x 12in. steel painted grey, Ex
Navy, first offer over £30. Buyer
arranges carriage. E.G. Priestley, 6
Lynden Avenue, Windhill, Shipley,
Waest Yorkshire, BD18 1HF. Tel. (0274)
593382.

EIGHTEEN ERASED 2708 EPROMs
for sale. Used once. £1.80 each inc. p&kp
or £28 the lot. B.L. Wright, 7 Weston
Rise, Caister-on-Sea, Great Yarmouth,
Norfolk, NR30 SAT.

DIGITAL FLUKE MULTI-METER
MODEL 8022B new (unused), £100.
TMK Test Meter Model TW20S, new.
Offers: Tel. (0473) 711778,
TRANSISTORS, SEVEN 2N3772 brand
new & never used for project this year.
Must clear soon. Any offers to: P.
Connolly, Corcreaghy, 3 Mile House,
Co. Monaghan, Ireland.

MAPLIN DIGITAL DELAY built,
perfect. £45. Two spring reverb's, built,
perfect, uncased. £30. Notcher effects
unit & auto-wah, perfect £30 pair. 40
watt stereo amp., 90% completed, £15.
Tel. (0792) 874246

AMENDMENTS TO 1987 CATALOGUE

SLOPING FRONT CASE XY60Q (Page
T8). Please note that this case does not
have ventilation holes as described in the
1967 catalogue.

0.1im. PC EDGCONN 2 X 20-WAY (Page
129). In the arder code list, this should be
stock code BKS7F and not BKSTF.
STYLUS CLEANER FLUID FV38R (Page
283). This is now supplied in a larger, new
style bottle with an integral brush, but no
4K7 ENCLOSED PRESET UHI1SR (Page
293). In the description following the stock
code for this item in the catalogue this is
referred t0 as being horizontal mounting,
whereas it is in fact vertical mounting.
14BCA435] 8-WAY ANALOGUE SWITCH
UF14Q (Page 329). This is a 20 pin device,
andnot 18pin.

ICL7613 BATTERY BACKUP IC UH36P
“ (Page 370). In the diagram for the high
current system for the ICL7673, please
note that the input is not ‘Mains Supply’ but
should be "Main supply’ - do not connect
240V AC to this chip.

ICL7660 VOLTAGE CONVERTER
YY1SS (Page 370). Last line of description
should read ‘a supply voltage of +5V the
output voltage will be —4.3V.' (not 15V).
FOOT SWITCH FH92A (Page 410). The
description of the terminals and their
operation for this switch are no longer
correct. The description should be: SPDT
switch. The common terminal is the centre
of three solder tags. Rated 2A at 230V AC
Body size: 36 x 12 x 18mm. Bush and nob
length: 28mm.

AUDIO OSCILLATOR MA 204 YMGEW
(Page 429). Third sentence states external
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CLASSIFIED

If you would like to place an
advertisement in this section, here's
your chance to tell Maplin's 200,000
customers what you want to buy or
sell, or tell them about your club's
activities - absolutely free of
charge. We will publish as many
advertisements as we have space
tor. To give a fair share of the
limited space, we will print 30
words free of charge. Thereafter
the charge is 10p per word. Please
note that only private individuals
will be permitted to advertise.
Commercial or trade advertising is

VEHICLE HORN plays 27 short tunes
(user-programmable) & complete with
roof-mounting loudspeaker. Unit
powered from 13V lighter socket.
Totally unused, £40. Details Tel. (0294)
52250.

KIKUSUT MODEL $38A single beam
oscilloscope, as new. £300. Tel. (0484)
840133. Evenings only.

GOULD ALPHA 4 bench model digital
multimeter, input impedance 22 M(,
0.2% acc,, 3.8 digits, LCD, £45. Epson
FX80 printer £160, Shinwa CP-80 printer
£110. Oric MCP40 printer/plotter £40.
Contact Mel Saunders, 7 Drumcliff
Road, Thumby Lodge, Leicester, LES

2LH.

MUSICAL FOR SALE

EMINENT 1600 ORCHESTRA
Jacobean oak case & bench. Over
£4000 new. Little used & immaculate. 3
yrs. old. £980 o.n.o. Hastings (0424)
425823,

COMPLETE OR AS PARTS Kimball
Performer M40 electronic organ, 2
keyboards, pedals, 10 swinging bass
keys, 12 rhythms, 20 instrument keys,
sustain etc. Perfect order, beautiful
cabinet. Offers? 01-777 7629,

function from internal source only. Stock of
this item & YM68Y, Function Generator
MG205, will not be with us until mid-May
1967.
1SV MINIATURE TRANSFORMERS
WBISR & LYO3D (Page 457). Please note
that the descriptions of these two items
heve been transposed. WB15R is the 6VA
vemonmdLYoaDuthel(NAtype'l'hu
also applies to the physical dim
given.
UHF MODULATORS UM1233, UM 12886,
FT30H & BEKS6W (Page 464). Types
UM1233 and UM 1286 have a wider and
more linear bandwidth to cater for the
chroma sub-carrier trom a source video
they do not the
chroma subcarriers internally. Same
applies to the 6MHz sound carrier for the
UM1386. The terminal designation letters
A - D in the lower table apply to all units
where the unit is ttumed label upwards and
terminal wires are at left-hand side -
UM1111 & UM1233 will have phono socket
pointing away at top.

CORRIGENDA

Vol. 5 No. 20

Satellite Decoder: All that is
required to connect the Decoder
to the BBC User Port or Amstrad 8-
bit port (LM14Q) is the IDC cable
FDITT.

strictly prohibited in the Maplin
Magarzine

Please print all advertisements in
bold capital letters. Box numbers
are available at £1.50 each. Please
send replies to Box Numbers to the
address below. Please send your
advertisement with any payment
necessary to: Classifieds, Maplin
Mag., P.O. Box 3, Rayleigh, Essex
SS6 8LR.

For the next issue your
advertisement must be in our hands
by 28th March 1967.

SPECTRUM SYNTHESISER fully &
carefully built, fitted into stylish black
vinyl covered cabinet. Component cost
over £200. Will sell for £130. Tel. Neil
Brook (0772) 774650 (Preston, Lancs.)
MAPLIN MATINEE ORGAN October
1984, nearest £200, buyer collects. Tel.
Ramsey (0467) 813333 (Huntingdon).
MAPLIN 3800 SYNTRESISER untidy
but in good working order. £150.
Abandoned MES83/84/88 organ project,
including all PCB's (many assembled),
61-note keyboards with contacts.
Component value £600 +. Offers? Tel.
(0249) 650926.

MAPLIN 56008 SYNTHESISER not
completed. Parts including front/rear
panels, cabinet, keyboard, patch panel,
all PCB's some completed, not tested,
plus two books: — Construction & How
to Play. Also lots of other components.
£500 o.n.0. Tel. Mr. McCormack on
Mansfield (0623) 863190 only between
Sam to 11am Monday to Friday.

SWAP MY LEARNER KIT
OSCILLOSCOPE ideal for beginner
(built & working) for disk drive 1541 or
1542 for Commodore plus/4. J.A. Brown,
71 Allington Close, Iiminster Road,
Taunton, Somerset TA1 2NA.

SPECTRUM PARALLEL/SERIAL
Interface PCB, unused & unmarked.
£3.78 incl. p&p. Tel. Huddersfield (0484)
21889.

ZX81 TALKBACK Speech Synthesiser
untested but believed to be working,
£18. ZX81 motherboard PCB with two
edge connectors, £6. O. Morris,
Mochrum Park Cottage, Kirkcowan,
Wigtownshire, Scotland DG8 0BY.
cLUss

B.A.E.C. British Amateur Electronics
Club is looking for more members &
fresh ideas. For more details about
what the club can offer send SAE to
Cyril Bogod, Dickens’, 26 Forest Road,
Penarth, South Glamorgan CF6 2DP.
AMSAT-UK is the Amateur Satellite
Organisation of the United Kingdom. If
you wish to know more about amateur
radio satellites send SAE to AMSAT-
UK, London, E12 SEQ. Reply sent by
return. You may also send for five back
issues of ‘Oscar News' for £3.00 post
free from the same address.

CIRCUIT DIAGRAMS or photocopies
wanted for Peavy, Carlsbro, HH,
Marshall etc. amps; also combo's, PA,
mixers, etc. Sensible prices paid. Write
details & prices to Mr. C. Johnson, 46
Cannell Green, Norwich NR3 1TT.
WANTED FULL CONSTRUCTIONAL
DETAILS circuit diagrams &
component suppliers for satellite TV
receivers, dishes, LNA, LNB polarotors,
motors/driver control etc. Write or
contact P. Roberts, 77 The Cravens,
Smallfield, Horley, Surrey RH6 9QT.
Tel. 034284 3383 (evenings).

WANTED INPUT CHANNELS for
Powertran ‘Destiny’ mixer desk. Ring J.
Pearson 01-261-4288 (daytime).
WANTED ‘ELECTRONICS' THE
MAPLIN MAGAZINE issues 1108 &
10to 16. Contact ].D. Bramwell, 19
WANTED AUDIO/VIDEO in-out
adaptor for Philips video VCR 2022
Contact 5. Trebicki, 85 Bardley
Crescent, Tarbock, Liverpool L35 1R].
Tel. (081) 480 8423.

WANTED MAPLIN RTTY UNIT
TU1000 or similar assembled or not.
Also suitable receiver. Please Tel.
Bishops Lydeard (0823) 432908,
Taunton area.

PRIZE DRAW WINNER

prizes despatched to them.

On Thursday 22nd January, after a postponement of a week due to the Siberian
weather conditions in Southend-on-Sea, Maplin were able to present a Fiesta car
to the winner of their recent 1967 catalogue launch prize draw.

The lucky winner was Mr. Martin Buzzard of Byfleet in Swrrey. He is a 28 year old
development engineer working for British Airways, his current project being the
development of automatic landing techniques on 747 Jumbo jets. Martin
considers himself fortunate to have a job which provides the challenge he enjoys.
Martin, who used to go gliding, now prefers sailing, and other hobbies include
home computing and amateur electronics. His first contact with Maplin came
about 18 months ago when he spotted Maplin catalogues on the shelf in his local
W.H. Smith. Since then he has become a regular subsacriber of what is now his
favourite magazine ‘Electronics,’ and he regularly visits the Maplin Hammersmith
shop for components for both his hobby and design work.

Never having won anything before, Martin is now looking forward to the next
Maplin prize draw in the hope that he can repeat his huck.

A hundred runners-up have won digita) alarm clock radios. A full list will be
published in the next issue. Runners-up have aiready been contacted and their
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Project Book 1 Universal Timer. Programmable
mains controtler. Combo-Amplifier. 120W
MOSFET power amp. Temperature Gauge. 10°C -
100°C, LED readout. Pass The Bomb! Pass-The-
Parcel with a difference. Six easy-to-build
Projects on Veroboard. Car batt. monitor; Colour
snap game; CMOS Logic Probe; Peak Level
meter; Games timer; Multi-colour pendant.
Order As XA01B (Maplin Project Book No. 1}
Price 85p NV.

Project Book 2 Digital Multi-Train Controller.
Controls up to 14 model trains. Home Security
System. Six independant channels. Digital MPG
Meter. With large LED display, a must for more
economical motoring.

Order As XA02C {(Maplin Project Book No. 2}
Price 85p NV.

Project Book 3 ZX81 Keyboard. 43 keys, plugs
directly into ZX81 with no soldering. Stereo 25W
MOSFET Amp. 25W r.m.s per channel; Disc,
Tape, Tuner & Aux. Radar Intruder detector. 20
metres range, may be used with our security
system. Remote Control for Train Controller.
Remote control by infra-red, radio or wire.
Order As XA03D (Maplin Project Book No. 3}
Price 85p NV.

Project Book 4 Telephone Exchange. Up to 32
extensions on 2-wire lines. Remote Control for
Ampilifier. Volume, balance and tone controlled
via infra-red link. Frequency Counter. 8 digit
DFM, 10Hz - 600MHz range. Ultrasonic Intruder
Detector. Areas up to 400 square feet can be
covered.

Order As XAO4E (Maplin Project Book No. 4)
Price 85p NV.

Project Book 5 Modem. 300 baud transmission
speed over normal telephone lines. Inverter.
240V AC 60W from 12V car battery. ZX81 Sound
Generator. 3 tone generators fully controlled
from BASIC. Central Heating Controller.
Optimised performance with this advanced
system. External Horn Timer. Exterior intruder
alarm. Panic Button. Add on to our Home
Security System. Model Train Projects. Add on to
our Multi-Train Controller. Interfacing Micro
processors. How to use parallel I/Q ports, with
circuits,

Order As XAO5F (Maplin Project Book No. 5}
Price 85p NV,

Project Book 6 VIC20 & ZX81 Talkbacks.
Speech synthesis projects. Scratch Filter.
Tunable active circuit ‘reclaims’ scratched
records. Bridging Module. Converts two 75W
MOSFET amps to one 400W full bridge amplifier.
Moisture Meter. Finds damp in walls and floors.
ZX81 TV Sound and Normal/lnverse Video. TV
sound and inverse video direct. Four Simple
Veroboard Projects. Portable Stereo Amp; Sine
Generator; Headphone Enhancer and Stylus
Organ.

Order As XA06G (Maplin Project Book No. 6}
Price 85p NV.

Project Book 7 CMOS Crystal Calibrator. For
amateur radio receiver calibration. DX’er’s Audio
Processor. Improved sound from Comm-
unications Receivers. Enlarger Timer. An
accurate timer for the darkroom. Sweep
Oscillator. Displays AF frequency response on an
oscilloscope screen. VIC20 and ZX81 Interfaces.
RS232 compatable.

Order As XA07H (Maplin Project Book No. 7)
Price 85p NV,

Project Book 8 Spectrum Modem/RS232
Interface. 2400 baud self contained operating
system. Synchime. Simulates bells, gongs and

other chiming sounds. Dragon 32 R$232/Modem
Interface. Plugs into ROM expansion port.
Codelock. Programmable electronic lock. CMOS
Logic Probe. Digital display shows logic states.
Minilab Power Supply. Versatile unit for the test
bench. Dragon 32 I/0 Ports. Two 8-bit ports.
Doorbell for The Deaf. Flashing lamp attracts
attention.

Order As XA08J (Maplin Project Book No. 8}
Price 85p NV.

Project Book 9 Spectrum Keyboard. 47 full
travel keys. VIC Extendiboard. Three expansion
ports, one switchable. Oric Talkback. Speech
synthesiser for the Oric 1. TDA7000 FM Radio.
Complete FM receiver on a chip. ZX81 High
Resolution Graphics. 256 x 192 fine pixel display.
Nine Projects! Personal Stereo Dynamic Noise
Limiter; Logic Puiser; TTL/RS232 Converter;
Pseudo Stereo AM Radio; and more.

Order As XA09K {Maplin Project Book No. 9)
Price 85p NV.

Project Book 10 Spectrum Easyload. Helps
cassette loading with the Spectrum, 80m
Receiver. Simple SSB direct conversion receiver.
Fluorescent Tube Driver. 8W 12V for camping
and caravanning. Auto-Waa. Automatic waa-waa
effects unit. Digi-Tel Expansion. Expands Maplin
Telephone Exchange to 32 extensions. Oric 1
Modem Interface. Adapts the Oric 1 to the Maplin
Modem. Dragon 32 Extendiport. Makes the
Dragon's cartridge socket more accessible.
Order As XA10L {Maplin Project Book No. 10}
Price 85p NV.

Project Book 11 Mapmix. Six channel audio
mixer. Xenon Tube Driver. Xenon flash tube
module with strobe. Enlarger Exposure Meter.
Simple inexpensive tool for the darkroom.

8 Channel Fluid Detector. Check/controt fluid
level in up to 8 containers. Servo & Driver
Module. Servo mechanism with driver module
kit. Mk Il Noise Reduction Unit. Improves signal/
noise ratio of tape recordings. Cautious Ni-Cad
Charger. Controlled charging of ni-cad cells.
Motherboard for The BBC Micro. Gives easy
access to ports,

Order As XA11M (Maplin Project Book No. 11)
Price 85p NV.

Project Book 12 RTTY Unit. The TU1000
receives/transmits Radio Teletype; connects to
computer via RS232. Computadrum. Use your
computer as a drum synthesiser. Light Pen. Draw
onto the TV screen or select menu options. PWM
Motor Drive. Reversible model motor driver for
6V and 12V.

Order As XA12N (Maplin Project Book No. 12}
Price 85p NV.

Project Book 13 Explosive Gas Alarm.
Flammable gas detector. Flash Meter. Get your
exposure right when using your flash gun.
Musical Announcer. A doorbell with a difference.
Mains Controller. An add-on for the 8-Channel
Fluid detector.

Order As XA13P (Maplin Project Book No. 13}
Price 85p NV.

Project Book 14 Live Wire Detector. Invaluable
aid for the handyman. Trundle. The line follower
robot as featured on Channel 4. 4-Channe! PWM
Controller. Digital control of motors and servos.
Display Driver Module. How to use our LED
bargraph display ICs. Control-A-Train. Full inertia
control of model trains. Spectrum I/O Controller.
Buffered 2-way 8-bit data bus and 8 control lines.
Order As XA14Q (Maplin Project Book No. 14)
Price 85p NV.

Project Book 15 280 CPU Module. Expandable
CPU based controller. Sharp M2-80K Serial
Interface. Get into communications with this
project. Ultrasonic Car Alarm. Stop car thieves.
Active Crossover. Includes matched output
power amplifiers. Guitar Equaliser. Specifically
for six string electric guitatrs. Fabulous Five. A
selection of interesting circuits.

Order As XA15R (Maplin Project Book No. 15)
Price 85p NV.

Project Book 16 Floodlight Controller. Both
power supply and mains switching unit for the
Infra-red Intruder Detector Kit. Spectrum
Parallel/Serial Interface. Provides 8-bit |/P and
O/P parallel or serial transfer with programmable
UART. Mains Tx/Rx Data Communications
System. Sends or receives data via the mains
wiring. 16-Channel Logic IC Tester.
Simultaneously displays logic states for any logic
IC of up to 16 pin-outs on your oscilloscope.
Order As XA16S (Maplin Project Book No. 16}
Price 85p NV.

Project Book 17 Video Digitiser. Interface a TV
camera to your computer. Mixing It. A
comprehensive range of audio amplifier
modules. Hobbyist's Temperature Controller.
General purpose electronic mains power
thermostat. ASCIl Keyboard. Professional
computer keyboard with standard ASCIl output.
Play Along Mixer. Play along to your favourite
records and tapes on your own instrument.
Order As XA17T (Maplin Project Book 17)

Price 85p NV,

Project Book 18 Weather Satellite Receiver.
Display regional weather systems on your TV or
monitor. Mixing It Part 2. Mono/stereo Hi-Z mic
input, mixer and line amplifiers; VU/headphone
driver. Stepper Motor Driver. How to build and
start using the Stepper Motor Kit featured in the
Catalogue. Amstrad Expansion System. The
Maplin Amstrad External ROM Card System for
the CPC 464, CPC 664 and 6128. Sealed Lead Acid
Battery Charger. Special high stability output
with automatic trickle charge mode for sealed
lead acid batteries. Fantastic Five. Veroboard
projects comprising HF tremelo unit, crystal
checker, clap switch, low-Z ohmmeter, snooze
timer.

Order As XA18U (Maplin Project Book 18)

Price 85p NV.

Electronics Issue 19 Active Aerial and Aerial
Tuning Unit. Get more from SW. Amstrad
Expansion System. 6 x 8-bit parallel /O card and
PSU. ADA Digital Echo. RAM based low cost echo
machine. Mixing It. Mixer Modules’ PSU.

Order As XA 19V (Maplin Magazine Volume §
Issue 19) Price 75p NV.

Electronics Issue 20 Weather Satellite
Decoder. Displays output from Satellite Receiver
on TV or monitor. Infra Red Proximity Detector.
Short range heat or movement detector. Fibre-
Optic Link. Sends AF signals over up to 20m of
fibre-optic cable. Low-Z Microphone Pre-amp.
For 200-600Q2 mics plus gain adjustrient.

Order As XA20W (Maplin Magazine Volume 5
Issue 20) Price 75p NV.

Electronics Issue 21 6 Channel Burglar Alarm.
Develop a complete security system. Six Circuits.
Bass Fuzz, Voice-Over Unit, Noise Gate, Envelope
Tremolo, RTTY Decoder and Scratch & Rumble
Filter on veroboard. Notch Filter. AF processor
for communications receivers. 12V Public
Address System. 10W per channel from car
battery. Tungsten Lamp Controller. AC phase
control for mains lamps.

Order As XA21X (Maplin Magazine Volume 6
Issue 21) Price 85p NV.
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1987 BUYER’S GUIDE TO ELECTRONIC COMPONENTS

Pick up a copy of our new 1987 catalogue from all

branches of W.H. Smith for just £1.50.

Or post this coupon now, to receive your copy by post for just
£1.50 + 40p p & p. If you live outside the U.K. send £2.50 or
11 International Reply Coupons. | enclose £1.90.

AVAILABLE
W ALL
W.H. SMITH
STORES
ORDER YOUR
COPY NOW!

MAPLIN ELECTRONIC SUPPLIES LTD.
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 554161

SHOPS

© BIRMINGHAM Lynton Square, Perry Barr, Tei: 021-356 7292.

¢ LONDON 159-161 King Street, Hammersmith, W6.
Telephone: 01-748 0926.

© MANCHESTER 8 Oxford Road, Tel: 061-236 0281

® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831

¢ SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex.
Telephone: 0702-554000

Shops closed all day Monday.




