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DID YOU MISS THESE ISSUES?

Copies of issue 1 are now sold out, but a reprint of the
projects from issue 1 is available and contains:

Universal Timer. A comprehensive programmable controller for up to 4 mains
appliances. There is storage for up to 18 program times, ons or offs and relay
outputs. Complete construction details.

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

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

Complete construction details.

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

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

All this for just 70p. Order As XA01B (Maplin Project Book Volume 1 No 1). Price 70pNV

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

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

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

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

With the extra peripherals being added each issue, this is a really versatile system.

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

All this for just 70p. Order As XA02C (Maplin Project Book Volume 1 No 2). Price 70pNV

Copies of issue 3 are now sold out, but a reprint of the projects
from issue 3 is available and contains:

ZX81 Keyboard. A full size, full travel 43-key keyboard with the electronics to
make graphic symbols, function mode and shift lock, single key selections.

The two-colour legend for the keys is the same as the ZX81 keyboard. The keyboard
plugs directly into the sockets in the ZX81 and a special adaptor is supplied

to run the keyboard from the ZX81 power supply, so there's no soldering in the
ZX81 at all. This full-size keyboard gives you fast, reliable entry — use it once

and you won't be able to do without it again!

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

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

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

All this for just 70p. Order As XA03D (Maplin Project Book Volume 1 No 3). Price 70pNV
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Vic20-

RS232 Interface

* Allows the VIC to connect to Modems, Printers, VDUs, or any other
RS232 compatible device
* Converts TTL levels to true RS232

* Provides full buffering for protection of computer

* Full ‘X line’ interface possible as well
as simple ‘3 line’ interface

by Mark Brighton

RS232 is the name given to an
industry standard form of serial data
communication which is used on many
peripheral devices to interface them
with a computer.

A byte of serial data is represented
by a series of transitions between +12V
and -12V on a serial data line. The
marks and spaces created by these
transitions contain the information for
the byte of data as well as some other
signals, the purpose of which is to
synchronise the receiving device to the
serial data stream.

The format of a ‘word’ of data,
including these synchronising signals,
is as follows:

1. The start bit. This signal alerts
the receiving device that a byte of data
follows, and synchronises the receiver
circuitry to the incoming data.

2. Data bits. This is the ASCII
encoded data, and may consist of seven
or eight bits as selected by the user. Itis
sent least significant bit first.

3. The parity bit. Thisis an optional
error checking bit selected by the user
to conform with the requirements of the
receiving set. It may be set for odd or
even parity, or disabled.

4. Stop bit(s). These are one ortwo
bits of data which are transmitted at the
end of a word to separate it from the
next word.

The polarity of these signals may be
selected by sending normal or inverted
data, either of which may be required
by different devices. Apart from the
serial data lines (SiNn and Sour), several
other status and handshake signals are
provided.

Those available on the VIC 20 are:

1. Data terminal ready (DTR). This
signal is sent to indicate that the data

2

terminal is ready to send or receive
data.

2. Data set ready (DSR). This
indicates that the data set is ready to
send or receive data.

3. Request to send (RTS). This
signal tells the receiving device (usually
called the 'data set’) that the VIC (data
terminal) wishes to send data.

4. Clear to send (CTS). This allows
the data set to signal that it is ready to
pass data from the data terminal.

5. Carrier detect (DCD). This lets
the data set tell the data terminal that
the communication link is established.

In addition to those lines already
mentioned, there are two ground lines,
protective ground and signal ground.
Signal ground must always be connec-
ted, since RS232 requires that both
devices have equal ground potential.

Any equipment which cannot meet this
requirement is not RS232 compatible.

Circuit Description

The circuit consists of two transmit
channels and four receive channels,
with a power supply which provides
approximately +12 and -12V from the
9V AC output on pins 10 and 11 on the
user port.

Transmit Mode

Sout from the VIC (pin M, user port)
is connected to the base of TR9 via a
10ka resistor, R17. As TR9 turns on,
bringing its collector down to OV, TR10
turns on, raising its collector voltage to
+12V. The normal, or non-inverting,
output is taken viaR23, a 3308 resistor
which limits the current that may be
drawn from this output to about 30mA.
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Figure 1. Circuit diagram
A second output stage is also driven g . . .
s ] measure test points 1to 4 with a
from the coliector of TR10, and this is COﬂStrUCtlon ==y s e test p

identical in operation except that the
output is inverted with respect to the
input. The output that is used depends
on the requirements of the data set.

Receive Mode

The incoming signal first has any
negative content removed by D1. It then
turns TR2 on and off via R4. The
inverting output of the receive circuit is
taken from the collector of TR2 which
also drives TR1 via R2 to obtain a non-
inverting output at the collector of TR1.
The choice of which output to wire to
the VIC is determined by the polarity of
the incoming data. The VIC requires a
signal which sits high between ‘words’
and drops low for data. Sin is on pins B
and C on the port, and these are
connected together.
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Referring to the circuit diagram and
parts list, first insert all through pins
(see figure 1 for signal polarity pins)

and Veropins. Solder them in, not ~

forgetting to solder both sides of the
through pins. Insert all other com-
ponents and solder them in. Attach the
edge connector to the board, bending
its pins flush with the pads on the
board, and solder. Clean the board
thoroughly and inspect for dry joints,

| shorts etc.

Testing

Piug the board into the user port,
component side upwards, and switch
the computer on. If the computer fails
to initialise, switch off and re-check
carefully for incorrectly placed com-
ponents, etc. After the computer initia-

ha

multimeter. These readings should be
approximately as follows:

TP1 — OV
TP2 — +5V
TP3 — +12V
TP4 — -12V

if all is well, switch off the VIC and
remove the interface card. Wire the
board to the data set. Reconnect to the
VIC, switch both the VIC and data seton,
and type in program A. Run the
program, and the receiving party
should receive the message ‘the quick
brown fox jumps over the lazy dog’
continuously. Also included is a pro-
gram to make the VIC act like a ‘dumb
terminal’, for use with a modem, to call
information and ordering services such
as the Maplin on-line computer, South-
end (0702) 552941. , .
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|6I5| El 3|20
PARITY OPTIONS
STOP BITS BAUD RATE
0=1STOPBIT BIT| BIT|BIT !
- OPERATIONS
1=2STOPBITS ol o] o]|o| USERRATE (N} 71615
ojojoj 50 BAUD 0 Parity disabled, none
olol1lo 75 Generated/Received
WORD LENGTH Odd Parity
11 "
919 ¢ ojof1 Receiver/Transmitter
=7 ToATA o[1]olo 1345 v
6 [5 |WORD LENGTH 0j1j0]1 150 op1 R;z:iv::%yransmitter
11 -
0jo] 8BITS 0 0 300 11oln Mark Transmitted
o] 78ITS op i 600 Parity Check Disabled
1/0] 6BITS 1/0j0j0] 1200 1 | 1 | Space Transmitied
1|1 5BITS 10|01 1800 2400 ! Parity Check Disabled
1{foj1]o 2400 DUPLEX
1ol 3600 (NI) 0= FULL DUPLEX
‘ 11100l 4s0 o = HALF DUPLEX
LR 111|011 7200 (NI _J
1lif1fo 9600 (NI UNUSED
{N1) Not impiemented in the VIC-20 system e 19200 (NI
HANDSHAKE
0= 3LINE
1= XLINE
Table 1. Function of bits in the VIC RS-232 Control Register Table 2. Function of bits in the VIC RS-232 Command Register

10 REMxxXFROGRAM A *xxxx

20 OFEN200,2,0,CHR$(166)+CHR$(0)

30 FPRINT#200,"THE QUICK EROWN FOX JUMFED OVER THE LAZY DOG."
40 GOTO30

0 R MR 300K0K K 0K KK KK KK K x U.,D.U, FPROGRAMX 20030 03 3K 3K 300 K 3K 3 3 3 3 00K K 3K
PrNKER6879,8IFRINTCHR$(S) tWALIT 203 ,64

G FOKE36876,2003FRINTCHR$(147) 3" VIC 20 V,D.U. FROGRAM"
10 R$=CHR$(146)+CHR$ (D) .

20 OPENZ200,2,0,R$%

25 IFPEEK(203)<>64THENSO0 )
30 GET#200,A$

35 IFA$=""THENGOTNZS

40 IF ASC(A%$)PSTHENGOTOZS

50 IF A$=CHR$ (13) THENFRINTA%::GOTOZ2S

60 IF ASC(A%)<3Z2THENGOTO2S

70 FRINTA%$::GOTOZS

500 FOKE203,64: GETS$

510 IFS$=CHR$(17)THENS$=CHR$(10)

920 IFS$=CHR$(19)THENS$=CHR$(140)

530 PRINT#200,8$33'0KE203ﬁ64$S$=””8GOT030

A complete kit of all parts is available.
. Order As LK11M (VIC 20/RS232 Interface kit). Price £9.45.
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Figure 2. PCB layout
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Usage

To use the RS232 serial data porton
the VIC the channel must first be
opened as a file, specifying Baud rate
(speed), number of bits per character,
number of stop bits, and odd/even or
disabled parity bit. This information is
given by two characters after the ‘OPEN’
command in the form:

OPEN LF,2,8,A%. Where LF is the
logical file number, i.e., any number
between 1 and 255 (if LF is greater than
127, then linefeed follows carriage
return), and A% is two characters sentto
control register and command register,
the functions of which are explained in
tables 1 and 2. So, for example, we can
see that to set Baud rate to 300, 7 bits
per character, 2 stop bits, and no parity,
the OPEN command would be:

OPEN 200,2,8,CHR$(166)+CHR$(0).
Having opened the RS232 channel,
data is sent and received using
‘PRINT LF,DATA $' and ‘GET LF,DATA

$.

Note: Totype ‘PRINT ' do notusethe
abbreviation ‘7", Instead, use ‘P shift R’
followed by logical file number etc. It is
possible to list through the RS232 port,
to send a program to a friend for
instance, by typing ‘CMD LF : LIST,
where LF=logical file number.

Remember when programming that
the VIC allocates two 256 byte buffers
(for transmit and receive) in the 506
bytes below RAMTOP, so there is less
memory available to BASIC. Also ‘DIM’
statements or variables should be left
until after the ‘'OPEN’ command, as the
computer per,orms an automatic ‘CLR’
before allocating the buffers.
Bibliography:

VIC Revealed by Nick Hampshire
VIC Programmers Reference Guide,
Commodore

Connecting to the
Maplin Modem

With reference to figure 5, page 5,
issue 5 of Electronics, the following
connections should be made:

VIC 20 Interface Maplin Modem

pin 2 (Sour) to pin 17 (RS232 i)

pin 6 (Sin) to pin 10 (RS232 our)
pin 7 (Scrounb) to pin 21 or 22 (Serounp)

Ensure that the link onthe Modemisin
the RS232 position.



Part One

Introduction

he 6502 MPU from MOS Tech is one of

the most popular microprocessor

chips and is used in a number of well
known microcomputers including PET and
Apple. However, in machines of this type the
MPU is usually wedded to BASIC software
and interfaced to an ASCH keyboard and
VDU. Apart from the addition of a cassette
deck and a printer and, for the more affluent,
a ‘floppy disc’ system most people regard
this as the limit of their peripherals. In such
‘high level language' operation, memory
capacities from 4K to 64K arethe rule; in fact
more exotic games, for example, demand
large amounts of memory. Therefore, some
may be surprised to learn that MPUs can
perform a whole variety of interesting and
useful functions with only 1K to 2K of RAM. A
VDU is quite unnecessary and the man/
machine interface consists solely of a HEX
keypad and a seven-segment display. This
was the concept of such microcomputers as
Science of Cambridge’s Mkl4, AIM 65
Acorn’s System One, KIM, etc, the last three
all using the 6502. But the more sophisti-
cated computers such as PET and Applecan
also usually be programmed in machine
code. One result of this is that, since they
also contain an input/output chip, they can
be used for control functions as well as the
more usual keyboard/VDU usage.

There have been many series and there
are many books that teach BASIC pro-
gramming, since this is avery popular high-
level language. What this series aims to
show is that machine-code programming is
an entirely logical process which is not too
difficult to learn and which can also be great
fun and a source of satisfaction. Therefore, if
you feel like a change from ‘Pacman’ or
nested FOR/NEXT loops, this series will offer
you the chance to write effective programs in
6502 machine code. Using the computerin
this way will teach you a lot more about it at
‘grass roots’ level than you will ever learn in
programming in BASIC and will greatly
increase your ability to realise your com-
puter's potential more fully.

The Choice of Chip

The 6502 has been chosen for this series
for several reasons:
(i) there are many microcomputers using
this chip

Graham Dixey C.Eng., M.l.E.R.E.

8-8it Data Bus [ ]

Se808:

16-Bit Address Bus

N

D

Figure 1. Simplified Architecture of the 6502.

(ii) the architecture and instruction set are
both quite straightforward and easily learnt
(iii) the author has, for the past coupie of
years, been teaching machine-code pro-
gramming on a 6502-based machine and
has demonstrated its capabilities in a
practical environment.

Why Machine-Code
Programming?

There is no doubt that a program written
in machine-code to perform even a fairly
simple function takes very much longer to
write and encode than its equivalent in
BASIC. This is not because there is some
magic about BASIC that permits this; itis not
super-efficient, far from it in fact. There is
one fundamental fact that is so obvious that
it is likely to be overlooked — every MPU, no
matter what function it is performing, is
working in binary and using machine-code.
Itis the presence of software, inthe formofa
BASIC interpreter, that allows the user to
bypass the low-level operation and enter the
commands, etc in English. This need to
interpret the high-level input actually slows
down the computer when the program is run.

by bo
[sIv] [s[p]r]z[c]

SIGN CARRY
OVERFLOW ZERO
BREAK INTERRUPT
DECIMAL
MODE
“FLAGS™

Figure 2. The 6502 Processor Status Register.

When the BASIC interpreter is not used, all
commands are entered in machine-code
and the programmer has the utmost flexi-
bility in the use of the machine, limited
almost entirely by his own imagination and
wits. Programs, ailthough taking longer to
write, will run very much faster than high-
level programs. The low-level language is
directly concerned with data transfers
between MPU registers, memory locations
and input/output ports. As a result, inputs
from various types of transducer, switches,
etc are processed and decisions made from
the input data that will produce signals on
output lines to energise relays, motors,
solenoids, lamps, etc or even generate a
variety of output waveforms. Because of the
sequential nature of the program, control
sequences are possible giving rise to com-
pletely automatic decision-making systems,
hence MPU-controlied washing machines,
robotics, process-control systems, safety
systems, etc. Machine-code programming,
in short, opens up a whole new world of
possibilities.

Enter the 6502

A good starting point for learning about
the 6502 is its ‘architecture’. This is shown,
in simplified form, in Figure 1. For program-
ming purposes the essential details are the
various registers and the arithmetic/logic
unit (ALU), the full functions of which will be
made clear as the ideas of programming
develop. For the moment, a simple state-

‘ment about each will suffice as an introduc-

tion. There is alsothe system ‘clock’,which is
usually crystal-controlled and can be
thought of as the co-ordinator of events in
the computer.

The 6502 has only six registers, as
follows:—

The Accumulator (A): This, the first in

‘importance, isan 8-bitregister whichisused

in most computer operations. Like any other
register or memory location, it is nothing
more than a ‘string’ of flip-flops arranged to
store a byte of binary information.

The Index Registers (X & Y): These two
registers, which are more or less identical,
are also eight bits wide and are extremely
useful in a variety of ways, which will be
introduced fully as the series develops.

The Program Counter (PC): This is a 16*

Maplin Magazine June 1983
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Figure 3. The Arithmetic-Logic Unit: flow of data during an addition.

bit register, which holds, sequentially, the
addresses at which the program is stored
during the norma! course of running a
program. Otherwise it may be thought of as
holdingthe address of the next instruction to
be accessed. As it is ‘incremented’ the
computer steps through the program.

The Processor Status Register (P):
Another 8-bit register, each bit of whichis an
independent ‘flag’. Because of its particular
importance and usage, this register is shown
in more detail in Figure 2. Each flag is
nothing more than a flip-flop which is either
SET (equal to 1) or CLEAR (equal to 0).
Whether a flag is SET or CLEAR depends
upon the result of some previous computer
operation.

For example, if a number held in the
accumulator is negative, the negative flag
(N) will be set; otherwise it is clear.

If, however, the number held is zero, then
the zero flag (2Z) is set.

If, during an addition, a ‘carry’ is pro-
duced, the carry flag (C) will be set.

From these few examples it is possible to
see that decisions can be made during the
course of a program by testing various flags
to see if a particular result has occurred.

The Stack Pointer Register (S): In the
6502 this is a 9-bit register with its most
significant bit set permanently at ‘1'. Its
purpose is to ‘point’ to an addressin anarea
of the RAM known as the ‘stack’. The purpose
of the stack will be made clear in due course
but, for now, it will be stated that it is a
reserved area of RAM used to ‘stack’ data
during certain aspects of computer opera-
tion. Because the 9th bit is always set, the
6502 stack occupies the range of addresses
from 0100 to O1FF in HEX.

The Arithmetic Logic Unit, or ALU for
short, is where thecomputingisreally carried
out. It is showninFigure 3 in association with
the Data Bus, Accumulator and Status
Register. The ALU has two ‘input ports’ and
an ‘output port'. The arrows show the flow of
data during the addition of two bytes of data.
If the bytes or ‘words' to be added are known
as ‘p’ and ‘q’ respectively, then ‘p" may be
placed or ‘loaded’ into the accumulator
initially and ‘q’ arrives on the data bus from
some memory location at a subsequent
interval of time later. At the moment that the
addition operation is actually carried out,
both ‘p' and ‘q’ enter the ALU by their
respective input ports, and their sum then

leaves the ALU by the output port where itis -

placed in the accumulator, thus replacing
the original contents ‘p. If the addition
operation yields a ‘carry bit, which is
effectively the 9th bit of the result, this will
set the carry flag C in the Status Register (P).
Thus, at least temporarily, the carry is stored
for subsequent use. An example of this
series of operations with sample binary data
-is illustrated in Figure 4.

Binary and Hexadecimal
Numbers

Since computing, whatever its aim, is
essentially concerned with the manipula-
tion of numbers, the user of a computer
must be fully conversant with the number
systems used. As already stated, the MPU
itself does all of its work in binary i.e. using
‘ls’ and ‘Os’ only. However, since binary
numbers tend to be rather long, addresses
and data are specified and entered via the
keypad in hexadecimal (HEX for short), this
being much more compactand less proneto
error. To appreciate how binary and HEX
number systems work (or indeed how any
number system works) it is necessary to
appreciate how a number is made up.
Consider the following examples:

The denary number 255

=(2x10% + (5 x 10" + (5 x 109,

=200+ 50 +5(N.B.10°=1),

=255

The binary number 11111111

=(1x2) +(1x2% +(1x2%
+(1x2H+(1x2»+(1x2»
+(1x2Y)+(1x29,

=128 +64 +32+16+8+4 +2+1,

= 255 (denary)

Figure 4. Example of addition and effect on the ‘carry’ flag.

Thus, denary 255 means the same thing as
binary 11111111,

It should be noted that each columnhas a
‘weighting’ or power to which the base of the
system is raised. In binary the basé is 2 and
in denary it is 10. It will be noticed in
diagrams of registers thatthe bit positionina
register is identified by its power of two. For
example, in an 8-bit register the least
significant bit position is called bo (power of
2 = 0) while the most significant bit position
is called b7 (power of 2 = 7).

How then does HEX work? The base is
sixteen and since there are only ten indi-
vidual digits available (0-9), it is necessaryto
provide six more to make up the set and this
is done in practice by using the first six
letters of the alphabet (A-F). Thus, these
letters have to be thought of as representing
numbers, suchthatA=10,B=11.. .F=15.
As an example, the HEX number

FF=(F x 16%) + (F x 169,

i.e. FF = (15 x 16 + (15 x 169,
=255 (denary).

Thus, FF is the HEX way of writing 255
(denary) or 11111111 (binary).

The problem with HEX, of course, is its
unfamiliarity. It takes some practice togetto
grips with it properly but, gradually, one gets
the hang of it. continued on page 13

Binary §| HEX |Decimal | HEX | Decimal | HEX | Decimal4 HEX [ Decimal
0001 0001 1 0010 0100 256 | 1000 4 096
0010 0002 2 0020 0200 512 2000 8192
00M 0003 3 0030 0300 768 | 3000 |12 288
0100 0004 4 0040 0400 |1 02& 4000 | 16384
0101 0005 5 0050 0500 | 1280 5000 | 20 480
0110 0006 6 0060 96 0600 | 1536 6000 | 24576
oM 0007 7 0070 12 0700 1792 7000 | 28672
1000 0008 8 0080 128 0800 2048 | 8000 32768
1001 0009 9 0090 144 0900 | 2304 | 9000 36864
1010 000A 10 00A0 160 0A00 | 2560 | A0ODO | 40960
101 0008 1" 00B0 176 | 0BOO | 2816 | BOOO | 45056
1100 000C 12 00C0 192 0C00 | 3072 €000 | 49152
101 000D 13 00D0 208 0D00 | 3328 D000 ] 53248
110 000E 14 00E0 | 224 0E00 | 3584 E000 |57 344
1M 000F 15 00F0 | 240 OF00 | 3840 | FOO0 | 61440

HEX to decimal: Add equivalent decima‘l values of each HEX digit in turn.
Decimal to HEX: Find largest HEX number less than or equal to decimal Aumber
required. Subtract decimal value of this number from decimal number required.
Repeat successively for remainder until it is zero. Add HEX equivalents.

Binary to HEX and vice-versa: Replace each HEX digit with &-bit binary group
and vice-versa.

Binary to decimal and vice-versa: Convert to HEX first, as above.

Table 1. Binary — HEX — Decimal Conversion Chart.
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A SIMIPILIE SWIEIEID
W TEND

by Robert Penfold

r frequency response measure-
ments most electronics enthu-

siasts use an audio sinewave gene-
rator plus an A.C. millivoitmeter or
some other piece of equipmentcapable
of measuring audio frequency signals.
A quicker way of obtaining audio fre-
quency response graphs is to use a
sweep oscillator plus a pen recorder.
Here the audio oscillator is automatic-
ally swept up through the entire audio
frequency band while the pen in the
recorder responds to the output signal
level from the equipmentunder test. As
the oscillator is swept upwards in fre-
quency the paper is moved past the pen
so that the required frequency re-
sponse graph is drawn out, and units of
this type normally havethe Xand Y axes
accurately calibrated in terms of fre-

+VE
Frequency
Ram Log. Triangle/ Out
Genera':or _— Ampmgier —— Amplifier —ﬁ- V.C.0. |—Sinewave |— Buffer |—o
Converter
Sweep
Width
Trigger
Output
H \

Figure 1. The simple sweep generator block diagram.

quency and relative gain in decibels so
that a meaningful graph is produced.
While this method obviously saves a
great deal of time by avoiding the need
to write down numerous results and
then (if necessary) draw a graph on the
basis of these, the cost of such equip-
ment makes it impractical for the

amateur user. However, useful results
can be obtained using a simple sweep
oscillator in conjunction with an oscillo-
scope, and a suitable sweep generator
can be builtat quite a modest cost. With
this system the Y input of the oscilio-
scope is fed with the output of the
equipment under test, and the spot is

’
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100k
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RV1
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22k
. R20
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8

Figure 2. The ramp generator and log amplifier circuits.
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swept across the screen as the oscil-
lator is swept over the audio frequency
range. The spot can either be swept
across the screen using triggered
sweep with the trigger signal being
obtained from the sweep oscillator, or
the ramp signal from the sweep oscil-
lator can be fed to the X input of the
oscilloscope.

This gives what is only a compara-
tively crude representation of the fre-
quency response of the equipment
under investigation, but the results
obtained are perfectly adequate for
making quick checks on tone controls,
equalisation amplifiers, testing for irre-
gularities in filter responses, and so on.
If necessary, checks using the sweep
oscillator and oscilloscope can be fol-
lowed up by detailed measurements
using an ordinary sinewave generator
and a miilivoitmeter. The accompany-
ing oscillographs show a few examples
of results obtained using the simple
sweep oscillator featured in this article.

Block Diagram

A voltage controlled oscillator
(V.C.0.) is at the heart of the unit,ascan
be seen from the block diagram of
Figure 1. !n this application it is not
necessary for the oscillator to have a
very pure output, and a distortion level
of around 2% is perfectlyadequate. The
V.C.0O. used in this design has a tri-
angular output waveform and not the
required sinewave output, and the dis-
tortion on a triangular waveform is too
high to give really good results. A
triangular waveform can be converted
to a reasonable sinewave signal by
either using a filter to attenuate the
unwanted harmonics, or by using a soft

+O——————
. [J
Vin
s
o ¥ V out
-0 O -

Figure 3. The basis of a log amplifier.

20 4l _an_ e

—_—

clipping circuit to round off the wave-
form to give the desired shape. In this
circuit a soft clipping circuit is used,
and one of the oscillographs shows the
effect of this circuit. A buffer stage is
used at the output of the unit to give a
low output impedance.

Although it might at first appear that
controlling the V.C.0. from a linear
ramp (sawtooth) signal would give
acceptable results, this is notin fact the
case. The V.C.0O. has an aimost linear
relationship between control voltage
and output frequency, and the output
frequency would therefore increase ina
linear fashion using a linear ramp
waveform as the controi signal. Audio
frequency response graphs are nor-
mally drawn with a logarithmic fre-
qguency scale so that (for example)
50Hz to 100Hz occupies the same
space as 500Hz to 1kHz and 5kHz to
10kHz. Using a logarithmic frequency
scale rather than a linear one gives
results thatare much clearerand easier
to interpret, and ideally a sweep oscilla-
tor should have a logarithmic frequency
scale.

A suitable sweep waveform is ob-
tained by first generating a linear saw-
tooth waveform and then feeding this to
a logarithmic amplifier which provides
suitable shaping of this signal. One of
the accompanying oscillographs shows
the processed and unprocessed ramp
waveforms.

An amplifier is used to boost the
output from the logarithmic amplifier to
a suitable level, and this represents a
convenient point in the unit to add
frequency and sweep width controls.

The Circuit

Figure 2 shows the circuit diagram
of the ramp generator, logarithmic
amplifier, and amplifier stages of the
unit.

The ramp generator uses what is
almost the standard triangular and
squarewave, generator circuit with ICla
acting as the integrator and IC1b ope-
rating as the trigger circuit. However,
the inclusion of D1 in the charge path of
C1 results in C1 charging almost in-
stantly, giving a sawtooth waveform

’ra‘ther than a triangular output at the

output of ICla. RV2 controls the dis-
charge time of C1 and acts as the sweep
frequency control. This gives a fre-
quency range of approximately 0.2Hz
to 10Hz. The output waveform IC1lbisa
brief positive pulse, and this is used as
the trigger signal for the sweep gene-
rator of the oscilloscope. The output
from 1C1la could be fed to the X input of
the oscilloscope, but there could be
problems in interfacing this signal to
the X input. Using the triggered sweep
method of operation should give good
results with virtually any oscilloscope
and is not difficult to set up.

IC2 is a dual transconductance

The response of a speech processor having high and low pass filters.
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The response of a 6dB/octave low pass filter.

operational amplifier, but in this circuit
both amplifiers are fed with fixed bias
currents and are used as straightfor-
ward operational amplifiers. These are
used in the logarithmic amplifier, and
Figure 3 shows the basic circuit which
is invariably used in amplifiers of this
type. This is simply a forward biased
silicon diode, and this provides an
output voltage of about 0.6 volts or so
provided the input voltage is at about
this figure or higher. Although this
circuit is often used as a simple voltage
stabiliser there is some change in
output voltage with variations in input
potential. In fact, raising the input
voltage by a factor of ten gives an in-
crease in the output voltage of about
100 millivolts, and successive in-
creases in the input potential give an
almost identical rise in the output
voltage.

This gives a good logarithmic re-
sponse, but the gain of the circuit is
reducing with increased input voltage,
whereas this application requires a
circuit which gives increased gain with
rising input potential. The necessary
transformation is obtained by using the
resistor and diode in the negative
feedback circuit of an amplifier. In this

The response of a narrowband bandpass fiiter.

case R6 is the resistor and the diode is
actually the emitter - base junction of
what would normally be the Darlington
Pair output buffer stage of IC2a.

Apart from bias current, the voltage
across a forward biased semiconduc-
tor junction aiso varies significantly
with changes in temperature, and the
logarithmic amplifier incorporates a
temperature compensation circuit to
minimise drift. iC2b and its Darlington
Pair are used to provide this tempera-
ture compensation, and excellent re-
sults are obtained since the amplifier
and compensation components are on
the same chip and are therefore main-
tained at the same temperature.

IC3a is used as a simple inverting
amplifier which boosts the output from
the logarithmic amplifier by a factor of
just over three times. IC3bisusedasan
inverting amplifier which converts the
negative ramp output of IC3a back to
the required positive ramp signal. The
closed loop voltage gain of IC3b can be
varied from unity with RV4 at minimum
value down to a loss of over 20dB with
RV4 at maximum value, and this en-
ables the sweep range to be adjusted.
S1 enables the ramp signal to be
disconnected from the V.C.0O. so that

the oscillator can be used at a fixed
frequency which is set using frequency
control RVS.

V.C.0O. Circuit

The circuit diagram of the V.C.0.,
waveform shaper and output stages of
the unit are shown in Figure 4. The
V.C.0. uses IC4a to charge and dis-
charge C5 at a constant rate, and IC4b
is used as a trigger circuit. The charge
and discharge current of C5 (and the
operating frequency of the V.C.0)) is
controlled by the bias current fed to pin
16 of 1IC4a. A resistor is used in series
with this input so that voltage rather
than current controlled operation is
obtained, and this resistor is fed from
the output of IC3b. The V.C.0. pro-
vides two output waveforms; a roughly
squarewave signal at the output of
IC4b, and a good quality triangular
waveform at the output of IC4a.

It is the triangular waveform that is
used in this application, and it is fed to
IC5 which is used as a triangle to
sinewave converter. IC5 is another
operational transconductance ampli-
fier, and it is used here as a fixed gain
amplifier which is overdriven by the
triangular input signal. Unlike most
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Figure 4. The VCO, waveform converter, and buffer amplifier circuits.
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The response of a notch filter.

amplifiers, which provide hard clip-
ping, an overdriven transconductdnce
amplifier gives soft clipping, and in this
case gives the required rounding of the
input signal. RV6 is adjusted to give the
best possible output waveform.

As the output impedance of IC5 is
fairly high, IC6 is used as a straight
forward unity gain buffer stage at the
output. RV7 is the output level control,
and S1 can be adjusted to reduce the
output signal by about 40dB (by a
factor of one hundred times). This
makes it easier to adjust RV7 for very
low output levels. The maximum out-
put signal level is approximately ten
volts peak to peak.

Mains P.S.U.

The unit requires a supply voltage of
between about 12 and 18 volts, and a
suitable 15 volt stabilised power supply
circuit is given in Figure 5.

This is a straight forward circuit
using a push-pull rectifier and a three
terminal monolithic voltageregulator. A
small (100mA) voltage regulator is
more than adequate since the supply
current is only about 15mA. C9 is the
smoothing capacitor and C10 plus C11
are needed to aid the stability of voltage
regulator IC7.

Construction

A metal instrument case which has
approximate outside dimensions of
229 by 133 by 63.5mm is ideal for this
project. The general layout of the front
panel can be seen from the photo-
graphs, and the final wiring of the unit
will be more straight forward if this
layout is not radically altered.

Apart from T1, FS1, and the compo-
nents fitted on the front panel, the
components are all mounted on a
printed circuit board, as detailed in
Figure 6. Construction of the printed
circuit board is mostly straightforward,
but be careful not to omit the link wire
(next to R28). Also, IC3 has a MOSFET
input stage, and this device should
therefore be fitted in a socket, and
should not be plugged into circuit until
the board is in other respects com-
plete. Fit Veropins tothe board at points
where connections to the controls and
other off-board components will even-
tually be made.
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Top: The triangular output of the V.C.O.
Bottom: Output of the triangle/sine converter.
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Figure 5. Mains power supply circuit.

The completed board is mounted on
the base panel of the cabinet, on the
right hand side, leaving space for T1 to
be mounted on the left side of the unit
with the fuseholder for FS1 to the rear of
the board. The component panel is
mounted using one inch 6BA bolts plus
% inch 6BA spacers. The fuseholder for
FS1, and T1 are both mounted using %
inch 6BA bolts. The mountings screws
for the top and sides section of the case
protrude about ¥ inch into the case,
and T1 must be position where it will not
obstruct one of these fixing screws.

An entrance hole for the mains.lead
is made in the rear panel of the case
near to T1, and this hole is fitted with a
small grommet.

Figure 7 shows the point-to-point
wiring of the unit. The identification
letters in Figure 7 correspond with
those in Figure 6, so that point ‘A’ in
Figure 6 connects to point ‘A’ in Figure

7, point ‘B’ connects to point ‘B’, and so
on.

Adjustment

Thoroughly check all the wiring
before initially testing the unit, paying
particular attention tothe wiring around
T1, S3 and FS1. Start with all three
preset resistors at a roughly mid-point
setting.

If an oscilloscope is used to moni-
tor the signal at pin 12 of IC2 a non-
linear ramp waveform should be pre-
sent. If clipping of the signal is evident
RV1 should be backed-off slightly in an
anticlockwise direction so as to eli-
minate the clipping, butit should not be
turned back much further than is abso-
lutely necessary. If no clipping is evi-
dent, advance RV1 as far as possible in
a clockwise direction without clipping
being produced.

Top: Processed ramp signal.
Bottom: The linear ramp signal.
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Figure 6. Legend and artwork.
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RV3 is given a setting that gives an
unclipped output signal at pin 7 of IC3,
and the setting of this component wil!
probably not be very critical.

With S1 set to cut off the V.C.O. from
the ramp generator circuit so that &
fixed output frequency is obtained, an
oscilloscope is used to monitor the
output waveform of the unit and RV6 is
adjusted for the optimium output wave-
form. Alternatively a crystal earphone
can be plugged into SK2 so that the
output of the unit can be monitored by
ear, and with RV5 set for a fairly low
operating frequency it should be pos-
sible to hear the fundamental fre-
quency plus the harmonics at higher
frequencies. RV5 is then adjusted to
minimise the harmonics.

Normally the unit will probably be
used to cover the whole audio fre-
quency over each sweep, and this
requires RV4 to be set for maximum
sweep range, or very nearly so (i.e. setin
a fully clockwise direction). RV5 must

— = o = s - e Ty

g

be set so that the unit is swept over the
appropriate range of frequencies, and it
is helpful here to use a slow sweep
speed and to monitor the output of the
unit using an earphone.

SK1 is coupled to the trigger input of
the oscilloscope, and if the latter has a
positive/negative trigger switch this
should be set to the “positive” position.
SK2 is coupled to the input of the
equipment under test, and the output of
this equipment is coupled tothe Y input
of the oscilloscope. S2 and RV7 are
adjusted to give a suitable input signal
level for the equipment under test, and
the Y gain control(s) of the oscilloscope
are set for a satisfactory trace height. A
sweep speed of about 1HZ is suitable,
and RV2 must be adjusted to matchthe
sweep rate of the oscillator to that of the
oscilloscope with reasonable accuracy.
There is no real advantage in using a
sweep frequency of less than about
1HZ. It is not advisable to use a higher
sweep frequency since this would re-

sult in the oscillator being swept over
the low frequency range before there
had been any significant output at
these frequencies, and misleading re-
sults would consequently be produced.
A higher sweep frequency can be
employed if the unit is only being used
at output freguencies of a few hundred
Hertz or more.

For detailed investigation overonlya
small section of the audio frequency
band RV4 is backed off in an anti
clockwise direction and RV5 is ad-
justed to give coverage of the appro-
priate section of the audio spectrum.

Most oscilloscopes have a green
medium persistence cathode ray tube,
and with the low sweep speeds used in
this application the ieft hand section of
the trace fades out before the right
hand portion is completed. Despite this
the shape of the trace canbe seen quite
clearly without having to resort to a
storage oscilloscope of some kind or
oscillographs.

-
She

~ A complete kit of all parts, excluding the case, is available for this project.
Order As LKO6G (Sweep Oscillator Kit). Price £18.95.

6502 Machine Code Programming from page 7 10110111. This ‘byte’ divides into two

What, for example, do you make of the
number (yes, number!) DEAD?

if you followed what went before, you will
realise that this is simply equal to:

(Dx16%) +(Ex16?) +(Ax 16" +(Dx 169,
=(13 x 163 + (14 x 16%) + (10 x 16Y) +
(13 x 169),
=6563248 + 3584 + 160 + 13,
=57 005 (denary).

HEX numbers can always be converted to
denary in this way but, to make life a bit
easier, Table 1 is included.

- Conversion from binary to HEX is very
easy. The golden rule is as follows — ‘starting
from where the binary point would be, divide
the binary number into four-bit groups;
convert each four-bit group into a separate
HEX digit’. If you find that the ‘highest’ group
doesn't have four bits, include zeros to make
it up, if it helps to see the corresponding HEX
digit more easily.

For example, consider the binary number

‘nibbles’ (as half-bytes or four-bit groups are
called).

Thus, we have 1011 0111. Now all you
have to do is consider these as if they were
BCD (Binary Coded Decimal) groups, write
down the denary equivalent and, from this,
the HEX equivalent. Of course you can miss
out the denary stage and write HEX straight
away if you wish, but you may need practice
to do this consistently and without error. The
two groups are seen to be equal to. 11
(denary) and 7 (denary) respectively. Since
11 (denary) = B (HEX), the binary number
10110111 is written as B7 in HEX.

To take one further example to empha-
sise the point, take the case of the Stack
Pointer Register mentioned earlier. it was
said, in effect, that this could point to any
address in the range 0100 to 01FF. However,
the register itself has only nine bits, the 9th
bit being permanently SET. Obviously the
eight bits bo-b7 can take up any values in the
range 00000000 to 11111111 (in binary),

while bs is always ‘1’. Therefore, the con-
tents of the Stack Pointer Register must lie
between the limits:

0001 0000 0000 = 100 (HEX)
and 0001 1111 1111 = 1FF (HEX)

Note that three zeros have been addedto
the highest bit to complete this nibble and,
since addresses are usually written with four
HEX digits, another nibble of four zeros
should be added to the left to give the
address range as0100to01FF, as previously
stated.

If machine-code programming was
something entirely new to you, then perhaps
this article has given you enough to think
about for the time being. For anyone who
cannot wait to find out more, | suggest they
buy one of the several 6502 programming
manuals available; it would be a good idea
anyway for the serious programmer. My
personal preference is for ‘Programming the
6502’ by Rodney Zaks from Sybex, but at the
time of writing it is about £10.50.
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Now available in the UK exclusively through Maplin

Fifty-seven years ago, Ed Heath, a young aviation
enthusiast designed a low-cost, light plane in kit form that
you built yourself at home. The company he set up in 1926
to sell the kits was The Heath Airplane Company based in
Chicago. Although Ed was killed in a crash just five years fater,
his name lives on and he became synonymous with a range
of superb do-it-yourself electronics kits and training courses
renowned for their excellence.

Each kit contains a “tell-all” guide for first time builders,

a highly detailed step-by-step assembly manual and all the
components and hardware you need. Every component, from
the lowliest resistor to the most complex IC is thoroughly tested
at the Heath factory in America prior to inclusion in the kit.

Now this superb product range will be available in the
UK through Maplin. Over the next year we shall be stocking
a large range of Heathkit products and we begin this month
with some of the established products.

An ultrasonic intruder alarm
that looks like a book! It wili
protect any room in your house,
detecting an intruder's move-
ments up to 7.5m (25ft) from the
unit. Two alarm outlets are pro-
vided, one triggers after a short
delay, and the other after 30
seconds. The total load permis-
sable on these two outlets is 3A
either individually or shared. The
short delay gives time for you to
leave the room after activation
and time to deactivate the alarm
when you re-enter the room.

The alarm can be set to turn
off automatically after 30 seconds
or to remain on until switched off.

ULTRASONIC INTRUSION ALARM

Digital Alarm Clock

One of Heathkits' simpiest
kits and ideal for beginners. This
budget-priced digital alarm clock
features a pleasant blue-green
display that automatically adjusts
to ambient light conditions. You
can wire the clock for 12 or 24
hour display with AM and PM
indication. The clock also shows
when the alarm is set and alerts
you if there has been a power
failure.

14

The alarm is a pleasant elec-
tronic tone to start your day right
and there's a snooze control to
switch the alarm off for nine
minutes. The clock has a built-
in speaker and is styled in a
handsome simulated wood-grain
finish that fits any decor. Size is
168 x 120 x 60mm (7 x 5 x 2%in.).
Order As HK01B (Dig Clock Kit)

Price £34.95

Thus it could be used as an
automatic light switch for your
garage, basement attic or any
place where you want entry into
an area to turn on the light. It
could be used to sound a buzzer
when movement occurs, such as
a child leaving its bed.

The intruder alarm is com-
pletely enclosed in metal and can
be installed anywhere that a
power socket is available. A fur-
ther case is provided that looks
like a book cover and helps to
disguise the identity of the device.
Size in book cover: 257 x 191 x
60mm.

Order As HKO2C (Informer
Alarm) Price £69.95

ALARM BELL

A 240V AC alarm bell that can
be connected directly to the out-
put of the ultrasonic alarm
HKO2C. The bell is fully weather-
proof for external use.

Order As YK58N (Large Dome
Bell) Price £24.95
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Infra-Red Intruder

Detector

Your home is most vulnerable
during the night when intruders
can approach unseen and can
damage or steal from your garden
or outbuildings even before they
break into your house itself. Now
here's a revolutionary new device
that can detect the movement of a
person at night in the open air
over an 80 square metre (875
square feet) area and keep your
dwelling safe from breaking and
entry.

When a warm-bodied object
moves into the protected area, the
alarm relay operates and can be
used to operate floodlights or an

alarm/light combination making
a burglar or vandal think he has
been observed. The aiarm relay
remains operated for four
minutes, then resumes its silent,
sleepless protective work.

A built-in phototransistor de-
activates the device during the
daytime. As darkness falls, the six
infra-red sensing elements are re-
activated. In cold weather, the
infra-red rays from a person's
exposed hand or face is enough to
trigger it. A manual sensitivity
control adjusts the temperature
differential so that pets and small!
animals won't cause accidental

SUPERB HEATHKIT

EDUCATIONAL COURSES

Heathkit's programmed self-study courses are ideal for
students, hobbyists and for technical staff in companies large
and small. The easy-to-follow format saves time and costs far less
than comparable adult education or vocational courses.

Heathkit's programmed self-study courses are ideal for
students, hobbyists and for technical staff in companies large
and small. The easy-to-follow format saves time and costs far
less than comparable adult education or vocational courses.

Clearly written, well-illustrated programmed-learning texts
speed learning, and experiments provide the hands-on
ingredient so important for learning. Courses range from basic
electronics to robotics. You can brush up on a specific area of
electronics or stay abreast of new technological advances as they
unfold: 'Heathkit's new course on Fibre Optics will be available

soon.

Concepts of Electronics

for Hobbyists

Learn the basic principles of
direct current, alternating cur-
rent, active devices, electronic
circuits, digital electronics and
digital computers. Experiments
assure your understanding of do-
it-yourself electronic projects and
all components required are in-
cluded. To do the experiments
you will need the ET3100 Trainer
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described on page 17 and a mul-
timeter. No prior knowledge of
electronics required.

Over a thousand pages of
simple to understand text and
illustrations in a durable binder
are provided.

Order As HKO4E (Course
EE3140) Price £64.95

F o

BT A )

alarms.

The unit can be mounted on
an outside wall and measures just
206 x 133 x 76mm. Up to 500w
load may be connected directly to
the relay in the unit.

Order As HKO3D (Infra-Red
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FOR BEGINNERS

This course forms an excel-
lent starting point for those just
beginning to learn electronics.
The course covers current, volt-
age, resistance, magnetism,
Ohm's Law, electrical measure-
ments, inductance and capaci-
tance. It has been completely up-
dated to ensure that you learn
the most up-to-date material
available.

This professionally-designed
course leads you step-by-step to a
complete understanding of DC
electronics, and allows you to

learn at your own pace. Hands-on
experiments increase your know-
ledge by putting your newly-
gained information to work imme-
diately on practical exercises.
The course includes the com-
prehensive text in a durable vinyl
binder and all the components
needed for the experiments. To
complete the experiments you
will need the ET3100 Trainer
described on page 17 and a
multimeter. )
Order As HKOSF (Course
EE3101) Price £49.95

15
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AC Electronics Coursé
Expands Your Education

An easy-to-understand self in-
struction course to advance your
knowledge of electronics theory
from the point where the DC
course finished. The course
covers generating AC, waveforms,
measurements, capacitive cir-
cuits and their applications, in-
ductive circuits including an un-
derstanding of Q, bandwidth and
filters. The course concludes with
a detailed look at transformers.
The concepts you learn will come

to life as you conduct experi-
ments that turn theory into prac-
tical experience. The course in-
cludes the comprehensive text in
a durable vinyl binder and all the
components needed for the ex-
periments. To complete the ex-
periments you will need the
ET3100 Trainer described on
page 17 and a multimeter.
Order As HKO6G (Course
EE3102) Price £54.95

Electronic Circuits Course
Theory To Practice

Put the knowledge you've learned
in previous Heathkit courses to
work. The course covers basic
amplifiers including biasing, and
coupling, then goes on to explain
audio amplifiers, power ampli-
fiers, video amplifiers and RF and
IF amplifiers. There are detailed
sections on operational ampli-
fiers, power supplies, oscillators,
pulse circuits and modulation.
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The well-illustrated and con-
cise text comes complete with an
attractive and durable vinyl bin-
der and over 100 electronic com-
ponents for use in the experi-
ments outlined in the text. To
complete the experiments you
will need the ET3100 Trainer
described on page 17 a multi-
meter and an oscilloscope.
Order As HK08J (Course

EE3104) Price £64.95
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Carrying on from the AC Elec-
tronics course, this completely
up-dated course continues to
build your understanding of elec-
tronics. This course cortinues to
build your understanding of elec-
tronics. This course covers the
fundamentals of semiconductors
then looks in detail at diodes,
zener diodes, tunnel diodes, var-
actor diodes, PIN diodes and
others. You will learn about the
operation of bipolar transistors
and their characteristics, field
effect transistors, thyristors,
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Semiconductor Devices
Course The Third Step

F‘ prrvaE— e Y

T h \'\ﬁ
1

“triacs, unijunctions and opto-
electronic devices. There is also a
brief introduction to integrated
circuits.

Hands-on experiments using
the components supplied with the
course give you first hand ex-
perience with semiconductor de-
vices. To complete the experi-
ments you will need the ET3100
Trainer described on page 17
and a multimeter.

Order As HKO7H (Course
EE3103) Price £54.95
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Learn to use a wide variety of
test equipment. The course gives
you the knowledge you need to
make measurements with ana-
logue and digital meters, explains
the operation and use of oscillo-
scopes in electronic testing and
servicing. You'll also learn to use
frequency generators and coun-
ters. A further section covers
bridge circuits, curve tracers,
spectrum analysers and logic
probes.

The course is split into four

Test Equipment Course
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sections, each with its own vinyl
binder. In addition to the texts and
electronic components supplied
you will need the ET3100 Trainer
described on page 17. To fully
appreciate the various parts of the
text, it will also be necessary to
have access to an analogue multi-
meter, a digital multimeter, oscil

loscope, frequency generator and
frequency counter.

Order As HKO9K (Course

EE3105) Price £64.95



You'll get maximum benefit
out of the six courses, DC, AC,
Semiconductor, Electronic Cir-
cuits, Test Instruments and Elec-
tronics for Hobbyists by doing the
hands-on experiments on this
Trainer.

The Trainer features solder-
less breadboard sockets for ease
of component substitution, a 2-
range variable sine and square
wave generator (200-20,000Hz),
dual variable power supplies for
positive and negative voltages
from 1.2Vto 16V upto 120mA, 1k
and 100k linear potentiometers.
A.centre-tapped transformer pro-
vides 30 volts rms for AC ex-
periments.

The Trainer measures 308 x
298 x 89mm and is available in kit
form or ready-built.

Order As HK10L (Trainer
ET3100 Kit) Price £74.95
HK11M (Trainer ETW3100 Built)
Price £159.95

EXPERIMENTER TRAINER ET3100

Digital Techniques Course

Learn to design and apply
modern digital circuitry. This ad-
vanced course is a comprehen-
sive treatment of the subject,
beginning with fundamentals and
theory and guiding you through
digital logic circuits, Boolean al-
gebra, flipflops and registers,
sequential logic circuits, combi-
national logic circuitry and digital
design.

As you complete each step-
by-step section, hands-on experi-
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ments and tests will further aid
your und