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- Project 2
PICTURE DIGITISER

can scan a photograph or drawing and
en of your micro. The scanner is rather
a low resolution one, sO it works best when the picture has
“large bold areas of contrasting shades. Fine detail will be lost
‘but, provided that you choose 3 suitable subject, it is fascina-
ting to see the result building up block by block on the screen.
The scanner is moved by hand, so it works fairly slowly and
depends on you to move it accurately. It clearly demonsirates
the principle behind professionally-made {and highly
_expensive) picture digitising equipment. There is a great
amount of fun to be had from the simple digitiser.

~ Using this device, you
see it appear on the scre

= How it works

The idea behind thi
_into a number of pi

s device is that the picture is broken down
cture elements, or pixels. The picture area
consists of rows and columns of pixels, as in Fig.2.1. The
scanner moves (or, in this instance, is moved) along sach row
of pixels in turn. It reasures the brightness of each pixel, and
reports this to the micro. Brightness is something which could
be anything between a brilliant white and the darkest of
blacks. There is an unlimited number of shades of grey in_
between. |f the picture i< a coloured one, the different colours

~ can be considered to be equivalent 10 different shades of grey.
The micro can not accept an unlimited number of different
" possible shades. To keep the circuit simple, this scanner is
designed to recognise only 4 different shades. The lightest is

white, the darkest is black and there are 2 shades of agrey
~ (light grey and dark grey or equivalent colours) in between.
\When the scanner measures the overall brightness of apixel it
tells the micro to which of these 4 possible shades the pixel
shade is closest. The micro plots each pixel on the screen as its
is reported. It plots sinall squares which show a corresponding
range of brightness. White is 3 solid block of light on the
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Direction of scanning

from row to row

etc.
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™~ A pixel

Direction of scanning rows

Raw 2
Row 3
Row 4
Row 5
Row 6
Row 7
Row 8

Fig. 2.1 Part of the face of a clock (near 10 o'clock) drawn as a set of pixels

| this altlpl i ither m N colour
n ex e the plxefs are either black or Whlle, but plxels £a be in shades of grey or i |

e numbers show i Y
ow the order i .W ich the p;xels are measured by a scanner and the p|0'[t
Th m h T n . hich | r I nn n_ then ed on a screen
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ck is a blank area of screen. The greys are

screen, and bia
represented by patterns of dots in which light grey has more A =
white dots than dark grey. & o= = 2
The way you represent the greys depends on the graphics a b 5|9 )
provided by your inicro. The ZX81 has only one shade of < §§~'_ = rEE _
I o B

grey, sO both shades of grey have to be plotted the same,
though the dark cne couid be plotted as black and the light
one as white if this makes the picture better to ook at. With
the Spectrum you can define your own patierns with various
proportions of dots, as described later, and possibly use
BRIGHT 1 for white.

The circuit (Fig.2.2) relieson a3 photodiode {D1) to detect
the light reflected from the picture. The light comes from a
torch-bulb, which is inounted with the photodiode in the
scanner (Fig.2.4). If light is falling on D1, 23 small leakage
current flows through R1and D1. The more light reaching D1,

~ the larger the current The larger the current, the greater the
potential difference across R1. The greater the PD, the lower
the voltage at point A. This is because the voltage at the top
end of R1 is fixed at 45V, so any increase in PD across it must
inake the voltage fall at its other end.
The level of voltage at point A is measured by three
comparatars (1C1, [C2 and I1C3). These each compare the
voltage at their inverting input {—) with the voltage at their
non-inverting input (+). In this circuit, the inverting inputs are
all connected to point A, while the non-inverting inputs are
- each connected to the wiper of a variable resistor, (RV1, RV2
and RV3). Each resistor is set so that the voltage at its wiper
has a fixed value between OV and +5V. The setting is different
for each variable resistor. For each comparator, if the voltage

- at the inverting input {(from A} is higher than the voltage at
the non-inverting input (from the variable resistor), the output

~ of the comparator rises sharply toward +5V. If the voltage
froin A is lower than the voltage from the variable resistor, the
output falls sharply toward ov.

Cihe variable resistors are set so that when D1 is receiving
- light reflected from white paper, the voltage at A is lower than

the voltage from any of the variable resistors. The outputs of
all three comparators are ‘low". If very little light is reaching
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Fig. 2.2 The circuit diagram of the picture digitiser
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lamp should be a firm fit in its mounting, so that itdoes
not readily slide out of its fixed position. i
The photodiode is to be fixed in position and aimed so .
that it catches light reflected from the picture, but does
not receive light coming directly from the lamp.
vi. It is best if all surfaces in the scanner are painted matt.

black to cut out unwanted reflections of light.

The prototype scanner was made from a large cork of the
type used in the demijohns in home wine-making. Such a cork
is cheaply obtainable from a store selling home wine-making
equipment. Buy one which already has a central hole. Shape
the hole at the lower end to make it square. The small filament
lamp (on the end of flexible leads) fits tightly in the upper end
of the hole and can be slid up and down. A slanting hole is cut
froin one side of the cork, sloping down toward the aperture..
~ After soldering it to flexible leads, the photodicde is wrapped
~ round with insulating tape (with tape between its wires 100,
to prevent short-circuiting) and wedged into the hole. Before
putting the lamp and photodiode into their final positions, the:
‘insides of all holes are blackened using a felt-tip inarker pen.

Black insulating tape is wrapped around the cork, except on
the lower surface, to keep light from entering from the out-
side. Marks are made on the scanner to assist in registering its.
position during scanning (see later).
~ Before laying out the circuit board, decide whether you are.

going to include an exira IC for decoding lines A5 and AG.
You will need to provide terminal pins on the board for the
leads to the photodiode, and to the micro (7 leads: oV, bV,

ADDRESS, and four data lines). You may also need 10 provide

ly to the lamp. The lamp needs to be @
bright one which may take up to 0.3A of current. Itis unlikely.
that your micro will be able to provide such a supply,
especially if other devices are attached to it at the same time.
Therefore the safest procedure is to pPOWer the lamp froin dry
cells. |f your lamp is rated to run on 2.6V, use two 1.5V cells.
A 3.5V lamp can run on 3 cells, and a 6V {amp on 4 cells.

bins for the power supp

Adapt an old electric torch case to hold the cells, or buy one;

of the ready-made plastic pattery-holders, which are inexpen
24 :

Aperture cut

at aparturag

Lamp wedged in

central hole

Photodiode
/ aimed at
A aperture

Photodiode

Power lead

Registration mark

on cork

c)

(b)

(a)

Fig. 2.5 An easy way of making a scanner from a cork stopper.

(¢) section

(a) in use, except that connections to the photodiode are not shown.

(b_J upside down, to show aperture.
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side of picture

Fig. 2.6 Scanning a picture

Fig- 2.7 User—deﬁneé’ ‘dark grey’ graphics block for the
ZX-Spectrum. Enter the binary codes listed on
the right
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nite, grey and black. The program for the ZX81 will include
line such as IF S=65523 OR S=65521 THEN LET P=8. Users
* the ZX81 will note that the codes for the pixels are different
= p.181 of the ZX81 manual), as are the values read from
interface (see p. 27).

This program reads from the scanner and plots the results
the screen in 22 rows, each consisting of 32 pixels. Assuming
= aperture of the scanner measures 5mm x Smm, the maxi-
ym size of the picture scanned is 16cm wide and 11cm deep.
you want to scan a bigger picture, enlarge the aperture of
scanner.

Here are some words for using the interface with the Ace.
ou need to define two characters to produce light grey and
% grey on the screen. Page 71 of the Ace Manual explains
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‘a5 ASCII 1, and dark grey as ASCII 2. Next define WAIT, as'

- When the button is pressed,

- displays a negative fmage of the p

how to do this. Fig.2.8 suggest two patierns. Define light grey

explained on p.151 of the Ace manual. The other words

needed are:
. SEND? BEGIN 31 IN DUP 8 AND WHILE
2000 WAIT REPEAT ;
- NEXT2? BEGIN 2000 WAIT DROP 31 IN 8

AND UNTIL ;

. PIXEL | JAT DUP 4 AND IF 144 EMIT ELSE DUP 2
AND 1 EMIT ELSE DUP 1 AND IF 2 EMIT ELSE
SPACE THEN THEN THEN DROP ;

. SCAN INVIS CLS240D0 320 DO SEND? PIXEL
NEXT? LOOP LOOP;

The word SEND? waits for the ‘Send’ button to be pressed.
it leaves the input value on the
top of the stack. PIXEL looks at the input vaiue bit by bit
{by successively ANDing it with 4, 2, and 1, and then prints
. one of the 4 possible pixel graphics. NEXT? waits until the
~ button is released. SCAN repeats the operation of printing the
pixel over the whole screen. '
_ There are many other possible ways of using the output
from the scanner. You can easily alter the program so that it
icture. You can provide
ompleted display to the ZX Printer
Gnce the picture is stored in the micro’s memaory, it is possible
for it to be processed in-many different ways. In some appli:
~ cations it might be interesting for the computer 10 work out
the proportion of light and dark areas, OF the numbers of dark
or white spots in the picture. The computer could scan its

memory: and locate the edges of each area of light and shad
dges-only” display, which would

_then it could generate an ‘e
~ lpook rather more like a line drawing than a picture made O

solid areas of various tones. On the Spectrum, you could write
- programs to create new images in colour based an the origina

~ picture.

facilities for sending the ©

2 2 by

pl

== B =

Fig. 2.8 User—{_feffned grey characters for the Ace. Enter
the binary codes given on the right of each block
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(b)

| 60

(al

(b) slot car $,

with firing key.
ered speed buttons and then release

'}

5-key pad.

“go” key.

m is prevented.

The keyboard can be used as a remote-operating keyboard.
ou place the micro in one room and the keyboard in an
jacent room, sending instructions to the micro along a

h key is connected to one input of an exclusive-OR gate
ia.3.2). An exclusive —OR gate has two inputs. When both
uts are alike (both ‘high” or both ‘low’} the output of the
te is ‘low’. The output is ‘high’ only when the inputs differ.
e |C used here belongs to the TTL family. The inputs of this
family have the property that if they are disconnected they
count as a ‘high’ input. Thus, when a button is not pressed the
corresponding input acts as if it were ‘'high’. Pressing any
‘outton makes its input ‘low’. The effect of pressing various
combinations of buttons are as shown in Table 3.1. :

Table 3.1 Data output from the Five-key Pad

Two possible layouts fora

for games control

and one of the numb

(a) direction arrows

press “go”

Fig. 3.1
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Keys pressed Data lines Decimal Value
54321 3210 equivalent | displayed®
————— 0000 0 240
ot 0001 1 241
- - — 4+ — 06010 2 242
- — 4+ — - 0100 4 244
-+ - = — 1000 8 248
- - — = =111 15 255
+ —— =& == 10 14 254
+ — — 4 — 1101 13 253
Tt — 1=t 11 251
=+ - — — =111 7 247

— = key not pressed 0 = ‘low’
= = key pressed 1 = ‘high’

* on the Spectrum; on the ZX81 add 65280; on the Ace, ‘31 N 15
AND.’ gives the values shown in the 'Decimal Equivalent’ column
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- pected to 4 lines of the data bus. The IC alsn has a cloc
_input (pin 9). This is connected to one of the Addres =

'--Outpms of the decoder (Fig.D.1). When the micro wants to

~_cend data to the Controiler, it puts data on the data bus ani
the Controller’s address on the address bus. The address

_the micro sends data to the Controller.

=@ collector current to flow, which activates the coil of a relay,
~ What happens then depends on how the relay is wired.
Fig.4.2 shows a typical relay circuit for controlling a model
~ locomotive. Note that the power supply for the relay coils anc

“for the locomotive all come from the power supply unit which
- belongs to the model railway. This must be a DC supply and
“you must not use the circuit with voltages higher than 25V,

-medels is 12V or less, so this circuit is very likely to be suit:
ahte for all your models.
- Relay 3 (RLA3) isa simple on-off switch. It is wired so that

latch is ‘high” and the transistor is turned on. The current t
: the ‘track may pass through two resistors {R5.R6), but eithet
“or both of these may be short-circuited by closing relays 1 anc
- 2 These are wired so that they are open when the output o
their latches is ‘low".
: Viihen relays 1 and 2 are both open, the current to the tra -_'

: has to pass through R5 and R6, putting a resistance 0
- 16.8Bohms in series with the motor of the locomotive. Thit

= :‘ : - - 46

‘decoded completely by the decoder, with the result that the
.correspondmg Addressed Output goes low for an instant. This
~ low pulse triggers the latches of IC1. The output {Q) of each
~ latch becomes the same as its data input {D}). Once -:

triggering pulse is over, O does not change even though )
~ changes. In fact, D changes immediately the trigger pulse- |
— over, for the micro is busily sending data 1o its memory, to th_
- printer or other devices, or is receiving data. But the data
~ which was on the bus at the instant the triggering pul_,
_occurred is held unchanged (latched) until the next time that

_ The cutput of each latch supplies base current to a
__tranmstor If Q is ‘low’, there is no base current. If Q is ‘high =
“base current flows and the transistor is turned on. This causes

" for this would damage the transistors. The normal voltage for

: the circuit is closed (the loco moves) when the output of the

sown in Fig.4.2 are those which were used with a particular =

_ rltmgdpomt for your own trials. When one of relays 1 and 2 ]
S closed, the resistance in series with the motor becomes 10 or —

5 : +12V {or othEr 5 B
7 - -[ —) voltage from model TS
- ' power supply)  §

RS-

LA 10R

SPEED
CONTROL

8LA2
| speep
| CONTROL.

-RB
6R8

RLA3
ON/OFF

Cc2
4700

—Cr1
RLA4

- FORWARD/
REVERSE

OV terminal of
model PSU

Fig. 4.2 The way the reiay contacts are wrred fora
typical model !acoma tive conrraﬂer

es a slow starting speed. Inc:tdentallv, the \ralues of resistors =

-- f\.(:comotwe when this circuit was being desngned and —
ues ou will probably find that you need quite different
in your circuit, though those given should be good as a.

Bohms- These reduced ‘resistances give two hlgher speeds
E 47







t=rminal of the controller to the OV line. : : :

Switch on the power supply to the controller and the rail-
way power supply unit. Connect the lead of terminal DO to
the +5V line. Then connect the Addressed Output lead (i.e. the
one which connects to the ‘clock’ terminal of IC1) to the +5\
line. As soon as it makes contact with the +5V line, the out-
out of latch 1 changes from ‘low’ to ‘high’, because of the
‘high” level on its input. Often it changes before you actually
touch the lead against the +5V line, for the slight rise in
voltage caused by taking it away from the OV line is enough to
irigger the latches. Putting the lead back on to the OV line has
no further effect. As the output of latch 1 goes ‘high’, the.
‘ocomotive should start moving slowly. Now put the DO lead
back to the OV line, touch the Addressed Output (‘elock’)
lead to the +5V line and the locomotive stops. This is because
the output from latch 1 has now returned to ‘low’. In a similar
way check the action of the other latches and relays.

~ the resistors in series with the locomotive before wf{% ::gbn;:
~ permanently into the circuit. The amount_‘o_fl curren ;_? enbg
~ the motor tnay be 1 ampere or more, o ITis essentia ?)uﬁd
 resistors rated at 2.5W at !eas..t; Fuged-valuebwllre;\:ﬁame:
resistors are available cheaply. It is possible to obtain e
~ wire-wound resistors (3 wa_t‘ts}.- but these are refaﬁxe ;—

~ gxpensive so the best course IS _to buy & selectton.fouowinﬁ

- value resistors and experiment with these_. if you:re _ ?nd e
 the two-relay/two-resistor scheme of Fig.4.2, .1rst i o
-'.wi.zat'resistance is enough to let the {ocomotive rzn aﬂmr.
Iowe.;.'t' steady speed. The speed must be ':;uch that 1 e n\lv L
dbes not stall when the loco crosses a gap in the trac t:tr n.ar :
running round sharp bends. AI:so it n?ust allow as ttl:;ih ;

3 Iot‘:omntivé to begin moving while pullir\g the heavies : alue_:
s likely to have to pull. Having established 'the _c?rr_ei.;: \«inwj
~ (which is the total value of R5 and R6), divide thn;.vaa‘u; th_e\._

~ two barts, one rather larger than '_thE other. In G‘E;g h ms-

- total value is 16R8 ohms, broken into 10R and {;)ta‘n-,t
5 5 :These values are, of course, the nestrest standard va_l_ge_s'o ﬂ:e ;
able. If you need a value which is nou'1~stan'dafd, itis o 3
~ possible to join two or more resistors m_sgngs, ioF:- e:;@;ﬁi
~ you can make up a resistance of 795_13\! ;ommg“l : ,nwc
- ~ and 3R3 ohms in series. Often an easier method is to pu e
= 3 larger resistors “in parallel. In this instance, v}r;r; ‘twc;ra“el_.
~ resistors in parallel to obtain 7R5 ohms. When wire 1“? p v_a‘uet_

- and providing the resistors are more-or.-less' equal u;e sed,
they share the current. Resistors of lower rating may be used,

. as : resistors. : : s
s'??g:fsolzv ;:ni‘gcf:?rfg Otrll'te controller to the micro, test_ it -
make sure that there aré no short-circuits between'ad]acen
FEE daté lines, between the data lines and th? power lmgs,;:r :
.~ between the two power lines. The model’s +_12V {_or o n
e 'poﬁer.!ine does not connect directly to any line gomg{;\o’ ?‘n:
s Tfrbm the micro, but its OV line must be connected to ne

“rogramming

“rogramming the controller to perform a required action is
=xtremely easy. Just use the OUT command on the ZX-
Soectrum or Ace, or the equivalent machine-code subroutine
the ZX81 (p. 174), with one of the values of Table 4.1. ;
There is one point to be considered when starting the loco-
otive (or other motor) from rest. Some model power supply
.nits have an automatic cut-out which shuts down the supply
it becomes overloaded. If you try to accelerate the

otive too rapidly by starting it off at top speed (Relays
_ 2 and 3 on together), the sudden surge of current may trip
"e cut-out. You will then have to reset the power unit by
=nd. If your unit is of this type, always start off the loco-
otive at its slowest speed. Once it has started moving, it can
= put into higher speeds almost immediately without risk of

5 i ircuit, connect the ggering the cut-out. e :
= ._of_the project. To testkihe zpf;a:;:;npf‘:l‘fﬁges of the decoder On the other hand, certain types of motor need an initial
i controfler to theitrack, anb + do not connect the data lines of urst of power to get them running, after which they can be
(plugged into the micro), bu t. Use leads with crocodile ¢ wn at relatively low speed. Slot-cars are often like this,
the Addfe‘isefhgu;:;t 11::2 Vtzrﬁinais and Addressed Outp squiring a quick 'kick” on the control lever to start them. If
to connec ’ - = ;










only three wires from the d'e;::oder.:.'UV, +5V and one of e
"= address outputs. If you intend to use the bleeper in
other room at some distance from the micro, it is best for

must lie between 330 ohms - and 470 ohms but we can
the value of C2 over a reasonably wide range to give a note
_the chosen pitch. With the values shown in Fig.5.1, the ptt h i
: about 500Hz.

-~ The duration of the 'hleep is controlled by a 555 timer
' '.hCH This is wired so as to produce a single ‘high” pulse
_'-1ts output, pin 3), whenever a short ‘low’ pulse is delivered
ts trigger input (pin 2). The input pulse may ‘be very sh
mdeed and in this circuit we use the pulse from an Addres
"Output of the decoder (Fig.D.1). The length of the ou _
~pulse can be anything we choose, within reason. lis len_
~ depends on the values of C1 and R1. The equation fol
- calculating the duration is: - 3

~t=11RC

'-where t is the time in seccmds R is the remstanoe of R'l i
~ ohms and C is the capacitance of C11i in farads. With the valu
given in Fig.5.1, the duration is about 2.4 seconds. 3
~ The output from the timer is normally ‘low’. One input o!
~ the NAND gate is held ‘low’, so the gate is prevented f
1anging state. It can not oscillate and no sound is hear
When the timer is tnggered its output goes high for 2:
seconds, during which time the NAND gate is able 1o oscm
and the ‘bleep’ is heard. E
“The sound is made by a piezo-electric audible warm'_
device. This is a thin slice of crystalline material which vibrate
when a pulsing signal is passed through it. It is rather l:k_.
ystal microphone or record-player cartridge, but working ig
reverse. The output from the oscillator is insufficient to d
the crystal directly, so we use a transistor (Q1) which
.sw;tched on and off by the output from the oscillator. Th
_prowdes enough power to make a suitably loud noise cor
from the crystal. If you prefer, a small loudspeaker may s_-
__WIred in pl ace of the crystal. '

the crystal {or loudspeaker) on the end of a long pair of
res leading to the other room. :
One thing to think about before beginning construction is
= mounting of the audible warning device. The volume of

: too firm} surface. The surface acts as a sounding-board,
=iping to transfer the energy from the crystal to the air

=tal lugs attached (Fig.5.2). These lugs are pushed through
aies bored in the plastic case containing the circuit board (or
separate case, if the crystal is to be located in another room).
Phen the lugs may be bent flat to hold the device firmly

stead of a crystal, mount it on the inside of the wall of the
=, with a few holes bored in the case to allow the sound to
czpe. An old transistor radio set could be adapted for this
urpose, provided that its loudspeaker is in working order.
nere is no need to remove the ‘works’ for there issure to be
ough room to spare for the Bleeper board. Disconnect the
dspeaker from the radio circuit and connect it to the
eeper instead. :
Apart from the points mentioned above, building the

it is very straightforward. The device needs no address
=coding other than that already done by the decoder. Simply
a 3-way cable from one of the Addressed Output piugs of
= board.

soply. Usually it ‘bleeps’ as soon as it is switched on. Temp-

=oacitor for C2. The larger its value the lower the pitch. If
= length of the ‘bleep’ is not correct, alter C1 or R1.
anging either or both of these to greater values, lengthens
= ‘bleep’. It is possible to have the note sounding for several
of minutes. : 57

Bm!dmg |t

_. he prr.)ject may be housed in any plastic case big enough
-held the scrap of circuit board on which it is assembled. It

56

= main part of the circuit to be in its case close to the micro

und obtained is much greater if itis mounted on a firm (but

sund. Most crystals are already in a light metal case with

zinst the wall of the case. If you are using a loudspeaker

The circuit may be tested by connecting it toa +5V ar +6V =

=rily connecting pin 3 of IC1 to the OV line will make it
=ep’ again. If it does not, check the wiring carefully. Ifthe
of the note is not as required, substitute a different
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=her voltage, the lamp must be powered from some external
rce, such as a battery or a power supply. The power supply

i = 7 =
= §,5 be direct current. The voltage required depends on the
O>§ EE2 tng of the lamp, but should not exceed 25V; voltages
e £33

=ster than this wouid damage the transistor. The gain of the
=asistor limits the lamp current to about 40mA, so a3 60mA
=p may not light at full brilliance.

The IC contains two flip-flops, only one of which is used,
%= pin connections for the second IC are shown in brackets
Fig.6.1. Both ‘clock’ inputs can be connected to the same
“dressed Qutput, allowing two pairs of lamps to be
trolled. Alternatively, you can use a separate Addressed
iput for each, controlling the flip-flops independently.

63

- puts from the flip-flop are insufficient to drive a filament 1? |
directly, but with the addition of a transistor (Fig.6.2} it
easy to switch such a lamp. Here the lamp-is on wher'! h
output from the flip-flop is high. If the lamp has low currer
requirements (not more than, say 60mA) and if it is rated

62
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~ the resistance of R1 should be about the same as that of the

upward, almost to +5V. In ﬂ’lls way the circuit gives a low out-
put in darkness or dim light, and high output in brighter light,
There is a rapid swing at a fixed level of brightness. We can
chaoose this threshold level by the position in which RV1 is set.
~ The output from the amplifier is a clear-cut signal which is
entirely suitable for feeding to a TTL logic gate. The output is
taken directly to one of the Data Input terminals on the_
decoder {(Fig.D.1).

Building it . . g
The circuit is connected to the decoder board by only three ;c;;
wires; the two power lines, and a wire to one of the Data E
Input plugs. There are two wires going to the LDR and two to =
the variable resistor, which is best mounted on the case of the * =

project. It is possible to use a miniature preset resistor for
‘RV1, and to set the level once and for all. However, it is con-
venient to be able to adjust the threshold level occasionally,
especially if you are using displays with backgrounds of
differing colours, so a ‘volume control” type is preferred.
 Almost any type of LDR can be used with this project. The
one specified is a relatively small one, measuring 8mm in
~ diameter. One of the larger types, such as the ORP12, will
~ work justas well. The resistance ranges of different types vary;

LDR

LDR in average room lighting conditions. If necessary,
substitute a resistor of different value for R1.
There is scope for experimentation and ingenuity in making
the pen. In its simplest form (Fig.7.2) it consists of a tube into
which the LRD fits fairly tightly. The LRD needs to be set
back about 3cm from the open end so as to confine its field of
view to a small area of the screen. With the ZX computers the
- size required is a little smaller than one of the graphics blocks,
- The actual dimensions of this depend on the size of the screen
~of your TV. With the tube held close to the screen the LDR
should receive most of the light from a single graphies block,
but none from adjacent blocks. |t will help if the inside of the
tube is painted dull black. Use a felt-tip spirit marker for this.
If you use a metal tube, take care to cover its end with a softer

surface
Tube of

(a)

ligh t-proof

material

Fig. 7.2 A simple version of the light pen, (a) in section, (b) external view
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sers of ZX81 wnll need to modlfy thts program as explalned
n p. 174. If your pen is attached to one of the other Data
out plugs, alter the address in lines 40 and 80 accordmgiv :
his program puts a flashing square of four graphics blocks on
= screen. Point the pen at the square. As it flashes, you will
= the number (which indicates the input) aIternatlng between s
55 (white) and 254 (black}. This is because unused data lines
~unt as ‘high’ while the used line {D0} is alternating between
nigh” and ‘low’. This gives binary numbers 1111 1111 (=255)
.~d 1111 1110 (=254) respectively. When you move the pen
ay from the square to point at a white area of screen, the
sumber stays at 255. If you cover the end of the pen to
exclude the light, the number stays at 254. If you do notget
= changes described here, it is Ilkely that RV1 may need
rther adjustment to put the threshold point in the range of =7
ightness of your TV. :
The pauses in this program give the pen time to respond to
= changes in brightness, and also gives you a chance to see
2t the pen is responding correctly. The lengths of the pauses
==n be reduced to PAUSE 3 and, with more precise ad;ustment ==
# RV1, eliminated altogether. : =

ot more ﬂexlhle matenal so that there is no danger o
scratchmg the front surface of the TV tube. E
~If you are using one of the larger LDRs, the tube int
‘which it fits needs masking at one end to reduce the view toj
single graphics block. A wider tube may make it more diff
: ..-curt to see the screen when you are drawing, so a better plas
~is to make a tube which tapers toward the open end. =
-~ A simple tube must be held close to the screen. almos
touching it, to sense light from the selected area only. If yo
—fit a small lens to the end of the tube and adjust the positiol
~ of the LDR so that light from a small area of the screen &
~ concentrated on it, you will be able to hold the pen furt '
~ away. The only difficulty then is that it becomes harder &
~ know exactly where the pen is pointing.
= When the circuit is complete, connect it to a power suppl
~ (+5V or +6V) and connect a voltmeter to the output of IC
Switch on the micro and the TV. Print a black graphics bl
~ on the screen, if the background is white, or print a whit
block on a black ground. Point the pen squarely and accuratels
- at a white area of screen. Adjust R1, if necessary, to make :
“voltmeter read +5V (or a reading very close to this}. Now
- move the pen to point to a black area. The voltage fails almos
- to zero. |f it does not, RV 1 needs further adjustment. You wi
~soon find the position of R1 in which the voltage swing
- sharply to OV or +5V as the pen is pointed at white or black
- areas. =
The Light Pen may now be plugged into the decoder ang
= _1ested on the micro. Here is a simple test program for theZ
__Spectrum

=10 PRINT AT 20,20;"E®""
- 20 PRINT AT 21 20 'Em"

O gramml ng

though this is such an easy prolect to build, you need to_
2ink out the programming very thoroughly. The two main
ways of using it are (i) to select a choice from a menu or other
=splay on the screen, and (ii) to draw on the screen. Let us E
—nsider choice selection first. The choices (items of the menu,
swers to a question etc.) are printed on the screen with a
®=shing patch beside each one (Fig. 7.3). The best approach S
> print the choices first then to print the patches using
2INT AT. The patches need be only a single graphics block

D EAUSE S = size, so you alternately print a white block (a space] and a

40 PRINT AT 10,10; IN 31 : 3 : Sea

50 PRINT AT 2020  * sck block (an inverse video space) in quick succession. The

60 PRINT AT .21'2-3*,-, = ick is to flash only one patch at a time. We begin with a
N 20; ! h i i

70 PAUSE 5 ite screen. Then {supposing there are three choices and

aree patches) patch no. 1 is made black. This is followed bv a
zuse (say, PAUSE 3) after which the |nput from the pen f5a
. If the pen is already pointing at that patch its output 2

7/ =

~ 80PRINT AT 10,10; IN 31
90 GO TO 10
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- find out where the pen has moved to. When it finds the pen i

~ make the drawing start at a fixed point on the screen. The pro

emory than the unextended ZX81 possesses. After printing a
- gram scans only the 8 blocks adjacent to this area, trying

black block in the centre of the screen the program waits (lines

plots @ mark at the new position of the pen. Then it scans th
8 areas adjacent to this area, and so on.
Here is the program, to run on & Spectrum:

10 DIM s(21,31)

20 LET y=10

30 LET x=15

40 PRINT AT v, x;”"B"”
50 LET s{y.x)=1

“sken to indicate that the pen has been placed on the block.
A5 soon as the pen is placed there the variables j and k are
Happens now until the pen is moved off the first block (lines
100—110) and the input becomes 255. As soon as this happens,
't is assumed that the pen has been moved on to one of the
zdjacent white blocks. Note the pause at line 100, which gives

50—70) for the input from the pen to change to 254, which is

itialised ready to begin scanning (Fig. 7.4). Nothing else

the pen time to move away from one block and arrive at the

60 PAUSE 5 - ~=x1. The program then scans the adjacent blocks, making
70 IF IN 31=255 THEN GO TO 60 h one black in _tum {line 130) and reading input to see if it
80 LET j=y—1 .

90 LET k=x—1

100 PAUSE 5 Scan begins here

110 IF IN 31=254 THEN GO TO 100
120 1F s{j,k)=1 THEN GO TO 170

{j=x=1 \
k=vy—1) Column
=]

130 PRINT AT j k;"B"”
- 140 PAUSE 5 '
150 IF IN 31=254 THEN LET y=j:
LET x=k: LET s(j,k}=1: GO TO 80 ,
160 PRINT AT j ki " o & %
170 LET k=k+1 N
180 IF k<x+2 THEN GO TO 100 s IS S
190 LET j=j+1 : = drawing
200 IF j<y+2 THEN GO TO 90
210 STOP
This program is easily adapted for the ZX81 (see p. 174). Itis Light 5 |
worth while studying this program in some detail as it illus- L = “The block

trates several points of importance in operating the light pen just drawn

successfully. First of all the program sets up an array (line 10)
which holds a ‘map’ of the screen. The idea of this is to keep
a record of which squares have been drawn on. Though it is.
possible to PEEK the video RAM for this information, there
are three equations to be used in different areas of the screen.
This is too complicated. Unfortunately, having to set aside

Fig. 7.4 Pattern of scanning in the drawing program. The
blocks are flashed once each in the order shown

. by numbers and the pen is ‘found” at block 5
memory for the array means that this program needs more - - =
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Proiect 8

e =
o _* * o
5 =1 o 2
MAGNETIC CATCH H m},— £ E
- = =
- o~ o -—
oZ — 2o
. : >coc
This circuit has a once-for-all action. It is reset manually anc Dis =
remains reset until triggered by the micro. Triggering leads t .EQ;SE
some kind of mechanical action. After this, it must be reset
manually again. Exactly what action occurs when the catch is _]

triggered depends on the application to which it is put It
could be triggered to release the bolt on a door, so, for
example, letting the cat out early in the morning. Or maybe
the bolt is on the door of a cupboard which is to be opened
~ only when the correct secret password is typed into the com-
puter. It could be used to discharge a quantity of food into an
aquarium, so overcoming the problem of feeding the fish on

+ y

9
10

e is used to monitor the temperature in your greenhouse,
i magnetic catch can be triggered by the micro when the te

I I
iy

“too much current from the micro. If a battery supply was pr;
vided, the batteries would soon be exhausted if the coil were
to remain energised for periods of a few hours. This circuit
uses capacitors to store the energy needed to activate the
solenoid (Fig.8.1). When the circuit is being reset, button S1 is
= pressed and charges the capacitor up to maximum voltage. i
~ the supply-is taken from the micro this is +5V. If the solenoid.

p
5

perature gets too high. It opens the window or door or lets L. 3 o3 |
the sun-blinds roll down over the roof. g g £3 lso
5> O= I o
%2
- e o — — —
How it works E x2 I
2 O w s 8
The action of the catch depends upon briefly energising a coil_ ,_E E2 | e
or solenoid. There is a sliding soft-iron core partly inside the = e o
solenoid. When a burst of current flows, the magnetic field sa Ol
created pulls the core swiftly into the solenoid. This motion is = I
used to perform whatever mechanical action is required. One £ 853 3
3 of the problems with solenoids is that the more powerful ones o3 2 I
~ have coils with a relatively low resistance. They would draw %gﬁg I
+ 2+

-

From
adclressed
output

¥ = the leads to the solenoid may be extended at these points

Fig. 8.1 The circuit diagram of the magnetic catch
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s reqmres a hlgher voltage for satisfactory operatmn %
charqed from a battery or other external supply
=i adhe capacitors are prevented from discharging through

solenoid immediately because there is a thyristor in the cir __
- This does not conduct until a high pulse is sent to its

= “electrode {g). Otherwise the capacitors remain charged
~many hours, and during this time the only power required
operate the catch is that needed by IC1 (about 8mA}.
Thegate electrode is held at low voltage by resistor R1.
gate is also connected, through a coupling capacitor C4
two inverting gates, to the output of a flip-flop. When this

flop is reset by pressing S2, its output goes low. The inverts

: - output gdoes ‘high’, putting the LED on to indicate that
circuit is now reset. The doubly inverted output goes ‘low’.

The flip-flop is triggered by a low- -going pulse from a

~ Addressed Output of the decoder (p. 158). When the micr

~ addresses the catch, the flip-flop changes state. The LED is

~ turned off and a high pulse passes through C4 to the gate ¢

- the thyristor. This causes the thyristor to begin conduct:ng
conducts very easily and the capacitors are discharged almos
instantaneously through the solenoid. This creates the strong

magnetic field required to operate the catch. Once

‘capacitors have been discharged, no further action occurs unt

the flip-flop has -been reset and the capacitors have been
- charged.

If the c:apacztors are to be charged from the +5V suppiv of

: the micro, it is essential to include a resistor {R2) in

- _charging circuit. Otherwise, the sudden drain on the pu._
- supply of the micro is too great and its program is lost. The
5 _ resistor reduces the charging current to a manageable amou t
- though it then takes about 10 seconds to recharge t

- capacitors.

The mechanical side of the project is left to the ingenuity
- of the reader, for so much depends on the application for
- which it is intended, the strength of the particular solenoid

used, and the skill of the reader in constructing mechani
devices. Fig.8.2 shows how a pull from the core can be ma
-to release a prop, so causing a window {e.g. of a greenhou

-to fall shut under the action of gravity. Fig.8.3 shows how &

80

Solenald

Cord

Soft=iron
core

Support for
core to rest an

: _ Cord
|

Loop around
window catch

i L’,

Fig. 8.2 A simple mechanism to close a window

81






sther address, as in Table D.2, substitute this in the line
sove. Running the output program on p. 176 has the same
tion with the ZX81. On the Ace, use 031 0UT. =
Press S2 to reset the flip-flop; the LED comes on. Next

=ss S1 to recharge the capacitors. Hold the bl_.itton pressed

~wn for about 10 seconds if you are charging from"_th_e
ro’s own power supply. Reset the mechanism so that it is
==dy to be triggered. When ali is reset, RUN the program. The _
enoid is energised, the mechanism is operated and the LED

25 out.

The catch needs no address decoding other than that alreadh
provided for on the decoder board (Fig. D.1). It requires th
wires to connect it to the board; the two power lines, and
wire connecting it to an Addressed Qutput. The circuit shouls
be connected to the micro by fairly short wires. If the solenoie
is to be located at some distance from the micro its leads ma
be extended at the points marked * in Fig.8.1. The circuit iz
best housed in a case, on which are mounted the two push-
buttons and the LED. If you are using a battery for charging
‘the case needs to be large enough to hold this too. : 5
It is best to design, build and test the mechanical side of th dgramming
catch before constructing the electronic side. It is essential % = essential program line is the one given above. Apart from
‘make certain that the solenoid you intend to use will devela =: the rest depends on the application.
enough power to actuate the mechanism. You can connec B :
- the capacitors together on a bread-board or by leads endiﬁg
crocodile clips. Then charge them from a battery and try dis
charging them through the solenoid. If the force developed &

27S REQUIRED for the MAGNETIC CATCH
=<istors (carbon, 0.25W, 20% tolerance)

insufficient, there are several ways of increasing it: R1 2M2 et
: oS ired if micro power supply used for
i. Begin with the moving core further inside the col R2 lﬂﬁcza(rﬂ;gu;re .
(though this also reduces its length of travel) =

R3 180R

2Dacitors >

C1-C3 4700y electrolytic (3 off)

c4 100nF polyester

smjiconductors == .

D1 TI1L209 or similar light-emitting diode
D2 1N4001 :
THY1 C106 or similar thyristor

tegrated Circuit .

IC1 741500 quadruple 2-input NAND gate

Miscellaneous .

’ L1 Solenoid with soft-iron moving core, rated to
operate at 6V, 12V etc. (alternatively an old
electric bell, buzzer or relay)

S1 S2 Push-to-make Push-button switches (2 off)

S , : E - ! Circuit board
-~ This simply addresses Addres;ed Qutput 0. If you are using 14-pin IC socket

84 A < 3-way socket to fit 3-way plug of dgcoder
| : 85

1i. Use a solenoid with more turns of wire

iii. Add more capacitors in series with C1—-C3

iv. Charge the capacitors to a higher voltage (assuming this
is within the rating of the solenoid)

It is also worth while checking that the mechanical design is
sound. For example, parts that are supposed to slide should do
so smoothly, without undue friction. A transverse force

~ applied to the core by the weight of an attached lever mz f

~prevent it from sliding easily into the solenoid. =

Once assembled, the electronics are tested for short-circuits

~ between the lines which connect it to the micro. It is then
-ready for testing on the micro. Plug it on to the decoder
- board. Key in this short program:

100UT 31,0







ne photodiode is on the opposite side, poihting at the ;a_:"np, =
= shadow of a person passing between them is sufficient _td
iager the sensor. On the smaller scale, (for example, on the
ot-car track or model railway), an unshaded 6V 60mA torch_
ib placed 10cm or slightly more from the lamp is entirely
sitable as a source of light. The only point to look out for is
=2t other lamps in the vicinity do not shine on the photo- S
ode when the light from the source lamp is supposed tobe
terrupted. - : e
The photodiode works best with light from filament lamps,
t is relatively insensitive to light from fluorescent tubes. |t
orks with daylight but, since the intensity of daylight varies
= much with cloudiness and time of day, this is not a reliable
surce., . : -
The photodiode is connected so that it is reverse-biassed. :
= amount of leakage current increases in proportion to the
mount of fight falling on the photodiode. As the current =
reases the PD across the diode increases, so the potential _
& point A rises. The operational amplifier IC1 compares the
stential at point A with a standard potential at the wiper of
ne variable resistor RV'1. We adjust the standard potential to
= very slightly /ess than the potential at A when the beam of
3t is unbroken. The tiny difference of potential is amplified
nd the output of IC1 swings sharply to +5V (‘high’). When =2
= beam is broken, the current through D1 decreases, the =
otential across D1 decreases, and the potential at A falls below
nat of the wiper of RV1. The potential difference between
e inputs may still be tiny, but it is now a difference in the
oposite direction. Consequently, the output of IC1 swings
sarply to OV (‘low’). We can adjust RV 1 to allow for the i
ightness and distance of the light source. - T
The output of IC1 goes to a flip-flop {IC2). The flip-flop is
===t by a low pulse from an Addressed Output of the decoder 2
5. 158). In this state, its own output goes ‘low’. The outputof
= flip-flop is connected to a Data Input of the decoder. In
= ‘reset’ state the computer reads this output as a 0 on data
e DO. When the beam of light is broken, even for a few milli- =
=conds, the flip-flop is triggered to change state. Its output
=s ‘high”. When the micro next reads from the Lap Sensor’'s
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To

data

input
From
addressed
output

Ic2
741500
& Jo-
i

IC2 pins 9,10,12,13,14

To OV:
1C2 pin 7

 To+BV:

100k

+5V O
oy O=

* = the leads to photodiode may be extended at these points
:Ff'g. 9.1 The circuit diagram of the lap sensor










“Project10. - - -4 ow it works . = e
PHOTO-ELASH ' photo-ﬂash sect:on is controlled by an Addressed Output -
<=t by pressing S1. Its output is then ‘low’. When the device
addressed the low pulse from the Addressed QOutput sets the

io-flop. Its output goes ‘high’ switching on transistor Q1.
"= coil of RLA1 becomes energised and the contacts of the
22y are closed. The relay contacts are connected across the

inals of a flash gun, which then fires. Note that power to.

erate the flash comes from the flashgun not from this
cuit. The relay eontacts do the same job as the cor_‘rtacts :

side the camera which are normally used for firing the flash,
~ce the flash has been fired, the flip-flop must be reset
znually before the flash can be fired again. It is possible to
spense with S1 and wire pin 5 of 1C2 directly 1o another :
Sdressed Output, This would allow the micro to reset the
Lo flop ready for another photograph. If you are using the
d of flash-gun which requires flash bulbs to be renewed s
~ere is little point in dmng this. If you have an electromc

- There are really two sections to the project, and you may uss
_ either one of them or both together. One section allows the
‘micro to fire @ photographic flash-gun. The other section is 3
- sound sensor. The two are intended to be used together to fire
_ the flash-gun when a sound is heard. One application of this &
~ in high-speed photography. The camera is aimed at an inflates
balloon (or even a glass bottle). The lights are turned out and
_the shutter is opened. Prick the balloon with a pin (or strike
~ the bottle with a hammer) and the resulting noise triggers
: _ﬂash The result is a photograph of the bursting balloo
breaking bottle. Of course, a sound sensor could be connec
dfrecriy 10 a circuit to fire a flash-gun, but having these crrcur'
interfaced to a micro means that you can program the micre
~to delay the firing until a fixed period of time after the sou
‘occurs. In this way you can obtain photographs take
- different intervals after the initial impact. With more than o
flash circuit, the micro could fire a succession of fla
producmg multiple images on one frame. =
~ Another application is to take photoaraphs of noctur
_animals. A noise made by the animal triggers the flash. The
sound detectron circuit can be used on its own in many wa
It 1s parncularly sensitive to sharp noises (clapping, snappi
'fmgers} and to the hlgher pitched whistles, so it provides a
of controlling the micro by sound. This section of the proje
could be used in conjunction with Project 4 to control the
action of a madel locomotive or slot-car by blowing awhlstle
by clapping your hands, or by calling out “Go!"” or “Stop”.
- Project 8, the Magnetic Catch is another one which can
'controlled by sound, through the agency of the micro.-

- The photo-flash section can also be used on its own,
perhaps simply to give a timed delay in taking a photograph o ]
a group when you want to be included in the picture. Project
can be useful with the phaoto-flash. Instead of tnggermg ;
'ﬁash by sound, why not trigger l‘t when a beam of light is
broken? = 94 3

sxposures by fmng the gun again after a short interval.
The sound sensor takes the srgnat from a crystal mlcro~_=-
s~one and amplifies it by the operational amplifier IC1. In the
sence of sound the output from the amplifier is about 2.5V,

en sound is detected it oscrllates above and below this level.
ow-going voitage changes act as a low pulse to the other flip-
op, causing it to set. lts output, which is normally ‘low’,
hznges to ‘high”. This can then be read by the micro. Note

the instant the sound occurs.

The flip-flop is reset by pressmg S2. For the original app!:-
cztion of this project, manual resetting is all that is requrred
=owever, in some appllcatlons it might be convenient to have

ire from pin 13 of IC2 direct to an Addressed Output of the -

sound has been detected, ready tc detect the next sound.
. - o5 : o

ich is connected 1o a f_l_lp flop (Fig.10.1). The flip-flop is 55

=sh-gun, it is possible to program the micro to make mult:ple =

2t the flip-flop stav's high once it has been set, so it doesnot

Estter if the micro is not actually reading data from the sensor _'

e micro do the resetting. This is done by replacingS2 witha

scoder. This allows the micro to reset the flip-flop after a




bcro: the power lines, plus co_nnections toan Addr_essed Qut-
ot and a Data Input. It needs more lines if either of the flip-
are to be reset by the micro, instead of being reset

= decoder, and there is no need to provide for this in the
sect itself. :

The photo-flash should be housed in a case, on the outside
which the microphone can be mounted. The two push- -
.ttons are mounted on the panel of the case. The switch
antacts of the relay are wired to a socket, on the panel of the
. You need a plug to fit this socket, with wires leading to
= flash-gun:

As explained earlier, this project consists of two parts, and
~=re is no need to build both if you are interested in only one
=oect of it. If you want to operate several flash-guns, it is easy

2 ually. Assuming either that the flip-flops are to be reset
: = + =nually or, that they are to be reset by the micro using
°Eg f =rate Addressed Outputs, all address decoding is done by

=

o

1Cc2
Pin 7 to OV

74LS00
"

¥ = leads may be extendod at these points

]
:
)

=y be constructed.

When assembly is complete and the project has been tested
shori-circuits between the various lines which link it to the
icro, it may be given its preliminary test. Connect it to a +5V
+6V supply. Hf you alternately press S1, and touch a

sunded (0V) wire to pin 1 of IC2, you should be able to
== or hear the relay switching on and off. Then connect a
sitmeter to the data output (pin 8 of 1C2). Press S2 and the
tput goes low. Make a sound near the microphone and the
stput abruptly goes ‘high” {+2.5V or more). It responds best

sharp clicking or clapping sounds. Try snapping your fingers
oout 50cm from the microphone. Even a gentle “snap’ should
= enough to trigger it. If this fails, try tapping the micro-
one gently. If this fails, the circuit is at fault. Failure to
=spond to sound of reasonable loudness may be due to lack of
tput from your microphone. To improve amplification, try
substituting a resistor of higher value for R4. A resistor of
M3 or 4M7 will increase the gain.

The photo-flash may now be tested on the micro. Plug its
ads in the decoder and switch on. Press both reset buttons. If

addressed O

From
output

100k

R2

R1
100k
~
- 4

+5Y/ Oy
¥
»

Mic
ov O

a7
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= device needs a minimum of four lines to connect it to the

> add 3 second 74LS00 IC from which two more flipflops









- other way take a very active part in the game. You can buil
‘and operate 2 or more of these if you wish. Another possibili

A

 (Project 3).
- How it works _
- The control knob alters the setting of a variable resistor (RV1

- wiper.of RV1 is moved from one end of its track to the other

- range. 'W_'E_ say it is an analogue quantity. But micros are not

~ two MAND gates of IC1. The clock pulses cause a voltage

- This actually happens in a series of 128 steps, but for ai
- practical purposes it is a smooth ramp, as shown in Fig.11.2

~ that we get a waveform which has a fixed frequency (one
128th of the clock frequency), but has a varying mark-spacs
“ratio. As input voltage rises the ‘mark’ (or ‘high’ level}
_decreases, and the ‘space’ (or 'low’ level) decreases. The micro

‘high' or 'low’ states and, from this information it can work

Project 11
GAMES CONTROL
A games controls adds a whole new aspect to computer fun. i
consists. of a small box with a control knob on top. As you

turn the knob one way or the other, you move a ‘bat’ rous
the screen, aim a ‘laser gun’, steer a ‘racing car’, or in somx

is to house this project in the same case as the 5-Key Pag

Fig.11,1). This is wired between two 56k resistors, and ths
chain of resistors is connected between 0V and +5V. As the

-_t_h.é vbltage at the wiper ranges between a little over 1.25%
and alittle under 3.75V. The voltage varies smoothly over thi

able to accept such an input. A micro understands only twe
kinds of input, ‘high’ and ‘low’. So, IC2 converts the smoothly
varying analogue voltage into one which alternates betwes
‘high’ and ‘low’. This IC is driven by a clock, built up fron
(Vramp) inside IC2 to ramp down from about 3.75V to 1.25\.

Whenever the input analogue voltage is higher than Vramp, the
output of the IC is ‘high’. Otherwise it is ‘low’. The result is

is programmed to find out how much time is spent in the
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Fig. 11.1 The circuit diagram of the games control

102

103




: = assembled on a small circuit board piaced inside.

If you have an oscilloscope, you can test the clock circuit
and the output from IC2 after assembly. The clock runs at
zbout IkHz. Its exact rate is not important. The output from
IC2 has a frequency of about 8Hz. As you alter the setting of
' 2V1 the mark-space ratio varies from about 1:20 to about
20:1. If the output is continuously low when RV 1 is at one end
of the track, the input voltage has fallen below 200mV, which
‘= the minimum required. This may happen if resistors are not
guite of their specified values. To compensate, increase R4, |f
she output of IC2 stays ‘high’ at the other end of the track,
<he analogue voltage is exceeding all values of Vramp. Increase
the value of R3. Without an oscilloscope, the outputs can be
cetected by connecting a crystal earphone (e.g. from a tape-
recorder) to the output pins and the Ov line, with a 100nF
{zpprox.) capacitor in series. You should hear a high-pitched
note when it is connected to 1C1 and a low buzzing saund'
when connected to IC2.

After completing construction, test for short-circuits
‘oetween the lines which are to be connected to the decoder.
Then plug the control into the decoder, To test its output on
the micro, you need a program which reads input repeatedly
znd displays it. This program is for the Spectrum:

10 LET x = IN 31
20 PRINT x
30GO TO 10

As the program runs, a succession of values appear on the
screen, changing regularly from 254 to 255. With an equivalent
orogram on the Ace, you may get 32 and 33. If the unused
data lines are floating, other values may appear. |t is better to
=liminate these by the AND operation:

: TEST31IN 1 AND _;

- Fig. 11.2 Voltage levels in 1C2

- outthe level of the input analogue voltage.
 We call IC2 a voltage-to-time converter. It is not a true
_ analogue-to-digital converter, for time, like voltage, ss 3
analngue guantity. But time can be represented by ‘highs’ an¢
‘lows’ and in this form can be understood and measured by
micro.

Bualdmg it

'The device needs three lines to connect it to the decoder:
_ two power lines and a line to a Data Input. 1t is best housed in
~a small plastic box, preferably with a sloping top. The variable
" resistor is mounted on top, and the remamder of the c:rcult is

TEST gives 1 when the output from the circuit is 'high’ and-O
when it is ‘low’. If you place this in a loop:

: WAVE 200 0 DO TEST LOOP;

vou will see a series of 1s and Os changing regularly in response
o the waveform from IC2. The proportion of 1s to Os varies
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'The most frequent use for rhe control is to move ‘bats
~ other objects around the screen. There are two ways
Z'.assessmg the output from the circuit. One method is for
micro to measure the length of time for which the outpu
~ ‘high’. This is the timing method. To do this accur.
'-..-requtres that the micro should be working quu::kly, :
machine-code program is virtually essential. We shall return
'-a discussion of this method later.
~ The other method is to read the output a fixed number o
imes and count how many of these readings are 1. This is
_sampling method. Its result is related directly to the ma

Thls may be easlly adapted to the ZX81, usmg the muu'_
_f_descr:bed on p. 175. If necessary, alter the address 31 &
~ that used by your control. The program takes 100 samples ig
~ rapid succession. The number found to be ‘high’ varies
--abuut 5 to about 95, depending on the setting of the control.
'_Thls is too big a value to be used directly, and in any even
.sub]ect to a certam amount of sampling error. Th:s a

- space ratio. It is necessary. to take at least 100 readi ings to get: 06 00
feasnnably reliable result. Readings must extend over severa 0E 00
_waveforms in order to get a fair sampling of the relative time DB 1F
_spent in the ’hlgh' state and in the ‘low’ state. This means thz 3C
“the method tends to be rather slow. This BASIC program fe 20 FB
fthe Spectrum uses the sampling method: Dg 1F
‘20 FOR j=1TO 100 oc
30 IF IN 31=255 THEN LET x=x+1 20 01
40 NEXT j 04
_60CLS : 3C
- 70 PRINT TAS x;“*" 20 F7
BU GO TO 10 co

~ainly because we do not begin to sample at exactly the same
age in the output sequence of the circuit on each occasion
e program is run. Dividing the result by 3 (line 50) givesa
slue suitable for use with TAB, and at the same time averages
out almost all the error. When the program is run the ‘bat’ (the :
zsterisk) moves across the top of the screen, as vou turn the S
nob of the control. 2

This program is just a sample one to get you s!:arted on
ing the control. Your next step is to mcerporate versions of
his into your games programs. S
The program given above is slow. If you try to speed GEfilasae e
taking fewer samples, the sampling is less reliable and the

sat’ jumps around like a tennis-player waiting to receive a fast
=rvice. Perhaps this adds realism to the game! If you wanta
=ster yet still reliable action, use this machlne-code program 3
ich is based on the timing method: -

LDB, 0
LDC, 0
A:INA (1F)
INC A
JRNZ
B:INA, (1F)
INC A
R Z

= C:INCC

JRNZ
INCB
D:INA, (1F)
INC A
 JRNZ
RET

The program times the length of a ‘high’ period by buildingup
count in registers B and C of the MPU. First these registers
e reset to zero. Next, the input is read- As explained above,
it is 254 or 255, so the accumulator register of the MPU
‘microprocessor) now contains one of these values. The
=ccumulator is next incremented (at *) by 1:

- reset register B

_reset register C.
read address 1F to- acc.
increment accum_ufator
jump back to A, if not zero
read address 1F to acc. '
increment accumulator™
[ump back to B, if zero S
counting in register C
~jump to D if Cis not zero
carry to register B

-read address 1F to acc. -
increment accumulator*
jump to C, if not zero s
jump back to BASIC program
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: ~ loaded into the memory previously occupied by a REM line.

254 (1111 1110) is incremented t0 255 (1111 1111)
255 (1111 1111)isincrementedto 0 (0000 0000}

it is just like the mileometer of an old car, which changes from
99999 miles to 00000 miles when it exceeds the maximum
- that it is designed for. The point about this operation is that
when any register changes to zero, the ‘zero flag' is set. The
next step of the program is to jump back to A if this flag is not
~ set, that is, if the input is ‘low’. Thus the MPU waits in a lo
~ for as long as the input is ‘low’. If you start the program
running when output is ‘low’, it waits until it goes *high’. Ifit
is ‘high” when the program beings, it goes stralght on to the
next step.
The next step is like the previous one, except that it is now
- waiting for the input to go ‘high’, jumping back to B if it is
not. The two loops prevent the MPU from beginning counti
~ until the input changes from ‘low’ to ‘high’, no matter wh
state it is in when the program is started. Now it goes around 2
third loop for as long as input is ‘high but in this loop it incre:
ments register C each time round. Register B is incremented
each time C changes from 255 to 0. The MPU jumps back to
the BASIC program when input finally goes ‘low’. It now.
folds a count in its B and C registers, the size of the count

‘of ZX computers allows you to transfer the contents of the
- B and C registers to a variable by using a statement such as
LET X= USR 23760 with the Spectrum, or LET X= U

16514 with the ZX81.
As explained on p. 175, a machine-code program may

The program below can be used either with the Spectrum or
the ZX81, except that you have to substitute 16514 for 237
when using the ZX81. Since the machine-code program
fairly long, we simply put it all into a DATA statement and.
then use a loop to POKE it into memory:

10 REM this is for the machine-code
20 FOR j=0TO 23
30 READ x
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40 POKE 23760+ x

50 NEXT j :

60 DATA 6,0, 14,0, 219, 31, 60, 32, 251, 219,31,
60, 40,251, 12,32, 1,4, 219, 31,60, 32 247
201

70 LET x=USR 23760

80 IF x<10THEN GO TO 70

90 LET x=INT (x/250)

100 CLS

110 PRINT. TAB x;"'#"*

120G0TO 70

If you are not using address 31, substitute the correct value
three times in fine 60, in place of all the 31s. When you have
run this program once, the whole of the text in the REM will
have been replaced by various symbols, for that section of
memory now holds the machine-code program. You can then
delete lines 20 to 60 in order to make space for your games
pregram. Running this program as it stands produces the same

result as the earlier program, but it is much faster. If you find

that the 'bat’ does not move far enough to the right, reduce
the value of the divisor in line 90. This fast program occasion-
ally picks up very brief and spurious ‘high’ pulses coming from
the IC, and returns with a count of 1 or 2. Line 80 is thereso
that such pulses are ignored.

A machine-code program similar to the above would work
on the Jupiter Ace too, for this also has a Z80 as its MPU. You
need to change the INC A codes to AND 1. The code for this
operation is E6 01. Enter this in place of 60 at three points in
the program. The program may be placed in the parameter
field of a word, as described on p.147 on the Ace's manual.

FORTH runs so much faster than BASIC that there is little
to gain by using machine-code. Here are some FORTH words
which will display a moving ‘bat” on the Ace, using the timing
method:

: HIGH? BEGIN 31 IN 1 AND UNTIL ;
: LOW? BEGIN 31 IN 1 AND WHILE 1+ REPEAT ;
: BAT INVIS 4 HIGH? LOW? SWAP / 0 SWAP CLS
A
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Probe

Fef - a1
e : ZTX300

input

To circuit

Fig. 12.1 The circuit diagram of the rain detector Fig. 12.2 The probe for the rain detector

_ circuit and one for the probe. It is in fact possible to build the
~ whole device on one piece of board, covering the area on.
- which the components are placed and leaving the rain-detecti
~ area exposed. This circuit gives a DC output, so it is in order
have a long wire connecting the output to the Data Input of

‘the decoder board.
: _ Test the circuit by connecting a voltmeter to its output. It
_ should read +5V. When you let a drop of water fall on e
~ probe, the voltage should fall close to OV. The same effect can
~be obtained by touching the probe with a moistened finger, so
this dewce could also have applications as a touch-control
~ switch, '

- The probe should be mounted in an exposed position out-
- doors, so that bu:ldlngs or trees do not protect it from driving
~rain comlng from certain directions. It is best to slope it
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siightly, so that rain drains away when the shower is finished,
=nd the probe dries quickly.

Programming

All that is needed is a program line which reads IhE inptrt from-
she project at regular intervals. If it is raining, the input on the
Spectrum is 254 and if it is dry the input is 255. On the ZX81,
't is 65534 and 65535, With the Ace you will obtain 32 or 33,
though you may prefer to AND the input reading with 1 [se_e
p. 10} so as to obtain 0 for rain and 1 for diy.
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of these. The LDRs receive light which comes from a lamp 2=
passed through an encoder disk (Figs.13.2 and 13.3). This @
is fixed to the shaft of the weather vane, The disk is tr=
parent but has a pattern of biack sectors on it. In any on
‘position of the vane {and hence of the disk), each one of
LDRs is either shaded or unshaded. As the wind direcs
changes, the vane and the disk rotate. Some LDRs becos
‘exposed to the light from the lamp and seme become cut ot

A closer look at the disk (Fig.13.2) shows that the patis
~of the black sectors does NOT represent a sequence of bin:
numbers. Reading clockwise and converting to decimal, |
find: 0, 1, 3, 2, 6, 7, 5, 4. This is what is known as “Grs
Code". The feature of this sequence is that as we go from o
number to the next (or return to the first number from
last number) only one digit changes each time. To see why &

Fig. 13.2 Marking out the encoding disc for the
weathercock

LDRs
{(R1—R3}

Fig. 13.3 The main features of the mechanical
construction of the weathercock

Enclosure

N

Cable to
circuit
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=t the centre of each sector |1es t:wer the line of LDHs when
= vane is aligned with the main compass points.
For clanty, Fig. 13.3 shows the disk several centfmetres'
s~ove the LDRs, but it is much better if the gap is small and
= disk almost touches them. The lamp should be mounted a
= centimetres above the disk, so that its light spreads fairly
squally to all three LDRs. Leads are taken from each LDR
s=ck to the main circuit which is to _be housed in a small case
n=ar to the micro. : ; :
Fig.13.3 shows a way of pre\rentmg rainwater from runnlng '
‘Sown the shaft into the mechanism. The cone deﬂects iton to i
e top surface of the light-proof box. It is not essential for
#he hole where the shaft enters the enc?osure to be. absoluteiy
sght- proofed though a collar around the shaft helps to
orevent light from s::attermg toward the LDRs. ;
The circuit uses three lines of the data bus (lines DO to 132’1

IC1 has three-state outputs (p. 160} which are enabled hy a

ow from the address decoder c:rcu:t : . -

is important let us look at what would happen iFw w
set;fuence wnh 0 1 2, ... . The first change would be:
o =000

hangmg tn 001

Thls creates no problems and this change is found in the Gs
-sequence. But the second change could be troublesome:

= 001
= Chanqing to 010

'_.Thls would be all right if both digits changed at exactly
__-'same instant. In a piece of equipment such as this it is e
_-:_unI:ke[y that the LDRs are so precisely arranged and
resistances are so exactly matched that each will respond in.
_identical manner. They will not all change at the same ins an
- If the middle digit changes before the right-hand digit, wi
an intermediate stage showing 011. We get the same if
ht-hand digit changes first. Instead of getting 0, 1, 2, .
‘as the disk rotates, we get 0. 1,3, 2 ... The3is oniyt
_-brleflv, but there would be time for the -micro to tak
- reading and obtaln a false result. The Gray code over
th:s problem since only one digit changes each time.

Addressing
As explained for Pl’OjECt 2 (p. 21), the addfessmg of th
project is not comp!eteiy provided for by the decoder { p. 158
If you want to connect only this project to the micro, you can
do as suggested on p. 21: wire the ADDRESS output termm
of the decoder (Fig. D.1) to the ADDF{ESS' input terminal of
the Weathercock detector (Fig.13.1). It can then be addressed =
using any one of the addresses in Table D.2.

If you would like to have other projects connected at tbe
same time as this project, you need to add a decoder to this
project. You will probably want to have several weather-station.
projects working at once, so make sure they all are at different
addresses. To keep the wiring as simple as possible, the
decoder uses only lines A5 and A6 (Fig.13.4). As explained on
p. 21, it responds to two addresses, which are 5F and DF or
7F and FF. = :

-;Building the vane :

- Fig.13.3 shows the general features of a typical Weatherco
; Exactly how you construct yours depends on what mater
- and tools you have available and on your skill in making suc
device. It is often possible to adapt a ready-made weatherco
uch mstruments are obtainable cheaply from stores selling
ducational equipment. Often they are made from plastic and
while these cheaper models are generally less durable thas
: those intended for serious use, they are usually easier to ada;;
'The disk is made from clear transparent plastic. A sheet )
'-'-thlck acetate film can be used, and may be painted by usin
lack marker pen (felt-tip spirit pen). Alternatively, the sei
may be cut out from black PVC insulating tape and stuck
: '_t‘he disk. In order that the readings indicate the major poi
_of the compass {N. NE, E, SE etc), the LDHs are placed so
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Building it

Unlike most of the interfaces in this book, the whole circuit is

best located close to the sensor. The output frem IC3 is a -

slowly changing one, making it suitable for transmission along

z relatively fengthy line to a Data Input of the decoder. The

sircuit requires three connections to the decoder: the two
§

O +5V
To data
input
0 0OV

power lines and a wire to a Data Input.

The ecircuit is to be housed in a weatherproof case. It may
be convenient to mount IC1 on the outside of the case. Leads
.5 this should be covered with melted paraffin wax or a
weather-proofing and water-proofing compound to eliminate
the possibility of short circuits. = 'E

The anemometer assembly is easy to build. Empty food =
cartons may be used for the cups and the cross-pieces can be
made from stiff wire. The main essential is that the assembly
rotates freely. Its diameater should be about 30cm or possibly a :
little more. The wheel which carries the magnet can be cut
from wood, plastic or a large cork stopper. A suitable magnet
is usually sold with the Hall Effect IC. Take care when
mounting the magnet and the IC that there is no danger of the
two coming into contact as the assembly rotates, particuiarw_' ;
in high winds. On the other hand, the end of the magnet needs
to pass within about Tmm of the centre of the IC in order to
generate a sufficiently great voltage difference. -

Build the entire circuit, then connect it to a +5V power
supply for testing. Connect a voltmeter to one of the outputs
of IC1. Rotate the anemometer slowly and note the rise or fall
of voltage as the magnet passes the IC. Now transfer the volt-
meter to the output of IC2. The output should be OV, but
rises sharply to +5V whenever the magnet passes IC1. IF this
does not happen, the polarity of the magnet is wrong; remove
it from the wheel and replace it the other way round. Connect
the voltmeter to the D output of IC3. The output should rise
to ‘high , fall to ‘low’ and rise to ’high’ once for every 16
rotations of the anemometer.

The output from D changes at a slow rate so the cable
between the interface and the decoder board can be several
metres long. This allows the device to be mounted as high as
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Fig. 14.2 The circuit diagram of the anemometer
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== Flow of electrons

———Jpe- Magnetic field

Semicqnductgli; f

P.D.

outpuTt *

Fig. 14.3 [llustrating the Hall effect

possible above ground so as to expose it to the full speed of
the wind.

Programming

We require a program which measures the length of pulses
coming from the D output. The machine-code program on

ever, the pulse rate is slow, so a BASIC program will generally
be adequate. With the Ace, use the word definitions on p. 109.

By turning the anemometer by hand at a known rate, it is
possible to relate the value obtained to a given number of
revolutions per second. Turn the anemometer by hand (about
1 revolution per-second) for 20 or so revolutions, Count the
number of revolutions exactly and also measure the time
taken. Calculate the rate in revolutions per second. As the
same time run the timing program to see what value is
obtained. This gives the figure which corresponds to the rate

for use in calculations later. Remember that the figure
example, doubling the rotation rate halves the figures.

the same speed as the wind, the wind speed is:
S=2 X#ar X R X 3600+ 100000

Where S is the wind speed in kilometres per hour, R is the rate
of rotation in revolutions per second, and r is the radius of the
anemometer assembly in centimetres. The symbol 7 has its
usual value 2 1412 sp the equation can be simplified to:

§S=0226 Xr XR
The corresponding equation for British units is:
$=0357Xr XR

where S is in miles per hour, R is revolutions per second and
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ris in inches. S
Either of these equations can be used in a program to
calculate the wind speed, given the rate of rotation. For
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p. 107 is suitable for use with the ZX81 and Spectrum. How- .

of turning. Repeat this several times to obtain an average result
obtained is inversely related to the rate of rotation. For

Assuming that the cups of the anemometer are moving with







method of waterproofmg is to melt some paraffin wax and to

2 o Z ‘é_ = dip the thermometer in the wax to coat it. Another method is
a Fot = to mix a quantity of epoxy resin adhesive {e.g. Ara!drte) and

‘? Q coat it with this.
m§ The rest of the circuit is built in a smail case, located close
e to the micro. It needs three wires to connect it to the micro:
[ 1} — the two power lines and a wire to a Data Input. The circuit
' does not require any address decoding except that provided by

Sg the Decoder.

S Y= When the circuit is ready, it may be tested in the same way
w-' o as the Games Control (see pp. 104—6). You can try the effects
= g = of various temperatures by immersing the thermistor in warm

water or in water containing melting ice cubes. In such
extremes the output of IC2 should never be continuously

¥ = |eads may be extended at these points if the thermistor is to

7y L S

3 l 8

E

[ @ =

2 =
% * § b:] z ‘high’ or ‘low”. If this condition is found, replace R3 by a
-1& 5 e b 2 resistor of different value, or possibly wire an additional
= = 8 resistor between R4 (the thermistor) and the OV line. Exactly
= = 2 what you may need to do depends on the characteristics of
ge : ¥ | 5 the thermistor you are using and the range of temperature over

'} E <+ ;; 3 which you require it to operate.
* ® &
=8 3 § Calibration and programming
£ 2 3 §_ The simplest method of programming is to read the output
> -E from the circuit many times and count how many ‘high’s are
2 = 2 obtained. This is the sampling method referred to on p. 106.
T b With the ZX81 and Spectrum we may use a very similar
< = program to that given there, except that it is feasible to take
o * g many more samples to obtain a more reliable result. Line 20
: S Eg _g might be amended to take, say, 500 samples instead of only
) % é :'___" 'E 100. The ac_!ditiunai time required for this do_es not matter.
= T 8 = :E;J‘ in this application. Lines 50—70 are not applicable, though
g.gg‘g = 2 something similar could be employed to plot a graphics
EBEG 2 ® ‘thermometer’ on the screen. Instead, type in this line:
= = 50 PRINT x.

= Having obtained a value x which varies in proportion to
- I~ x 9 temperature, the next step is to calibrate the thermometer.
T = Place the thermistor in a glass of water containing melting
= ! 1 (' ice-cubes. Stir occasionally, and allow at least 5 minutes for
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Plastic
tube

(a)

Fig. 16.2 The main features of the barometer. (3] the
whole barometer (masking on tube not shown);
{b) how the tube is masked. There is an
identical slit behind the tube to pass light
coming from the lamp. Screening around the
lamp and LDR not shown. (c] The first stage in

About 10cm

Tap

‘Black
water’

masking

=
E

LDR

(b)

1.5mm

{c}
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ohms when the water had completely cut off the light. For the
same reasons as are given on p. 67, changes in the resistance of
the LDR (Fig.16.3) affect the voltage at point A. This
changing voltage is fed to 1C2, which is a voltage-to-time con-

verter. The way this works is explained on p. 102. The overall
effect is that as pressure increases, the volume decreases, the

voltage at A increases and the waveform from IC2 spends pro-

porticnately more time in the ‘high® state. If the micro is
programmed to measure this time, the figure obtained is
greater.

It is important to realize that the response of this device is
far from linear. That is to say, equal increases in pressure do
not bring about equal increases in the value found by the
micro. However, the figure the micro obtains can be used to
assess whether pressure has increased or decreased over the
past hours or days, and whether it is changing slowly or
quickly. -

Building it _
First of all build the barometer itself. There are several ways of
doing this. The tube may be of glass, though clear plastic
tubing such as is sold for aguarium aerating systems is very
suitable. A tap to fit the tubing may also be obtained from a
shop specializing in aguaria. The tube may be held straight by
stapling it to a strip of wood. This is mounted vertically on a
wooden base. The water container can be a small plastic or
glass bottle such as 1s used to hold medicine tablets.

Prepare two strips of black insulating tape about 2cm long
and wide enough to leave two gaps about 1.5mm wide when
they are fixed on the tube (Fig.16.2c). Wind two other strips
around the tube about 2cm apart, as in Fig.16.2b. This leaves
two slits about 2 cm long and 1.5 mm wide on opposite sides of
the tube. Measure the length of the slit and the distance
between the tap and the top of the slit to the nearest milli-
metre. Mount a small filament lamp to one side of the tube,
about Tcm from it. The lamp should be housed in a small box,
made from thin white card, to keep light from reaching the
LDR directly, and to reflect as much light as possible toward

141
















flowing through to @1 from IC1 and passing through R6. The
value of R6 is high, to keep this current very small. Until the
potential at the output of IC1 exceeds about 0.6V there isno
base current at all and Q1 is switched off, but, in dim light the

PD across B1 may be /ess than 0.6V. We have to ensure that as

soon as any PD is developed across B1 a current begins to flow

to Q1. This is the reason for the adder. The output of IC1 is

the sum of the two inputs. RV 1 is set to deliver an input of

0.6V, so that any additional input due to B1 goes fully

toward driving Q1.

Actually this is an inverting adder, so we apply 1.9V from
RV1 (this is 0.6V less than the half-way voltage at pin 3 of
IC1) and the cell is cannected with its negative terminal to R2.
This results in a positive output to Q1.

Over a period of several tens of minutes, or perhaps an
hour, C1 charges at a rate depending on the amount of
sunlight from moment to moment. The PD across C1 rises,
faster when the Sun shines strongly, more slowly when a cloud
covers it or at the end of the day, and not at all during the
night. The PD is fed to another operational amplifier, 1C2,
whch is wired as a unity gain voltage follower. This is used as a
buffer between C1 and the voltage-to-time converter, IC3. The
input of IC3 has an impedance of about 100k, which would
allow current to leak away from C1 almost as quickly as it
was arriving from Q1. But the input impedance of IC2, which
is a CMOS IC, is extremely high (about 1 Terachm, or 1x10'?
ohmsl). Leakage to this input is virtually non-existent. The
output of IC2 follows the PD which is across C1 exactly. As
explained in Project 11 (p. 102}, IC3 converts this voltage into
a waveform. The shape of this depends on the level of the
voltage.

For IC3 to operate properly the input voltage must be in
the range 1.25V to 3.75V. During a period of measurements
the PD should start at a little above 1.25V and must not
exceed 3.75V before the reading is taken.

The micro is given the task of adjusting the PD across C1
to-a little more than 1.72V each time a measurement period
is to begin. It discharges C1 through resistor R8, which is
switched into circuit by a CMOS switch (IC5). This is con-

To
data
input

Vee

Qa/P
1C3
507C

Enable
Analogue

1P

Clock

Gnd Reset

13 42] &
&

O
O

From addressed output

From addressed output
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Fig. 17,1 The circuit diagram of the sunshine recorder
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& To +5V
=2 ~ IC6 of decoder
& e, 1/p 7805 g/p
o OV COMM
<)
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€ z c2 R1
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£ oV all
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c To 0V
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ICT1 pin 14 ICT pin 7
IC2 pin 14 I1C2 pin 7
I1C3 pin 16 IC3 pin 8
IC4 pin 16 IC4 pin 8

iC5 pins 12,13,14 1C5 pin 7

Fig. D.1b The power supply for the decoder

~ Fig. D.1a  The circuit diagram of the decoder
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one of the projects. When the output of the NOR gate (IC2,
pin 12) is *high’, the output of the next NOR gate (pin 8)
becomes ‘low’. This is because this NOR gate has all its input
pins wired together. This makes it behave as an INVERT gate;
if its inputs are ‘high’, its output is ‘low’, and the other way
about. z

When the output from IC2, pin 8, goes ‘low" this makes the
Strobe input of IC3 ‘low”. IC3 is & data selector IC. It has 8
Data Inputs, to which you can connect up to 8 different
projects. When the Strobe input goes ‘low’, one of these inputs
becomes connected to the output Y at pin b. The state of that
input (i.e. the data from one of your projects) appears on line

DO of the data bus. The Z80 then reads the data bus to find

out whether the datais 0 or 1 (‘low’ or ‘high’).

But which one of the Data Inputs is connected to the bus?
This is decided by the state of the Select inputs A, B and C.
As you can see from Fig.D.1, these are wired to lines A5, A€
and A7 of the address bus through three buffer gates (IC5).
The buffers provide extra power for driving the inputs of IC3,
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if you prefer, you can solder 3 separate 1mm diameter

terminal pins in place of each socket. Make soldered connec-
tions to each pin (or use crocodile clips) to join a circuit to the
board.

There are two plugs (10 pins each) for connecting thase

- projects which require more than 1 line of the data bus.
Table D.1 shows the connectiens to each pin.
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_ Fig. D.4a Layout of ZX81/Spectrum decoder board — side 1.
: (The edge connector terminals run from
- 1 on the left to 23 or 28 on the right.)
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The first step in building the decoder is to solder the edge-
connector socket and extension strip (Fig.D.3), if used, to the
board. Then assemble the 5V regulator circuit (IC6, C1, C2
and R1}. You can test this by plugging the card into the micro
and switching on the ZX power pack. Use a voltmeter to
measure the voltage across R1, which should be almost exactly —
5V. If you are using the PCB design and intend to use a
separate power pack, cut the tracks at the points shown in
Figs. D.5 or D.6. Solder the wires from the power-pack to

= e

oo ojje o olole CR KR L LA S R B R N 2

I=

Fig. D.4b Layout of ZX81/Spectrum decoder board — side 2 :
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the wires of C1, as shown.

Next wire up IC1 and IC2. Test this without pluaging the
board into the micro. The inputs to this circuit are all un-
connected and act as if they were ‘high’ inputs. This being so,
the output of I1C1 pin 8 is ‘low’ IC2 pin 12 is ‘high’ and 1C2
pin B is ‘low’

The data input side of the circuitis completed by assembling
IC3 and IC5. Test the output of IC5 by connecting each of A5
to A7 in turn to the OV line. Their outputs should fall from

,&rtrmmm

$10141 8¢

Fig. D.4c Layout of Ace decoder board — side 1.
(The edge connector terminals run from
2 on the left to 23 on the right.)
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+5V to OV. Now connect TORQ and RD to 0V, as if the micro
is attached and is trying to read data. This should make_the
output of IC2 {pin 8) go ‘low’ and so enable IC3. Its Y output

{pin 5} should be ‘high’. If AS to A7 are unconnected, they act

as 3 ‘high’ inputs, equivalent to address ‘7°. If you now
connect input 7 to the OV line, the output of 1C3 should like-
wise fall to OV. There is no need to check the circuit with
other addresses unless you have reason to suspect that the |C
itself is faulty.

Fig. D.4d Layout of Ace decoder board — side 2
189
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