Easy to build projects for everyone
AUG.81

ELECTRONICS

A'E_llrl“I $1:20 New Zealand $1:30 Malaysia $4:50 IR 84p (inc. V.A.T.)




:-SENDNOM{!NEY =
We are so confident in the

'..:rehabliuy of the service and the-'_':' :

—uality of Surpit

~date stamped with th'é"mcmth e

- year of developing) that you don't
~pay until you have recewed them!

~ You will be amazed at the
~beautiful colours and hi-definition

“In the event of any query. please write to:
= - Customer Relations Dept.. Colour Print Express
== Lad., 19-21 Lower Square. Isieworth. Middlesex.
-~ orphone (1-568 6565.

ish of the prints we
__with elegam rounded

you-only 17p each and a further
charge of £L10 is made fowards
developmg. postage and packing,
That'sall you pay and, when we send

your pnnts. a replacement film, of -

the - size - you use, is included
absolutely free Thats a saving of
Uil

-~ The offer is lnnm,d to the UK.
For Eire, “Cl, and BFPO., a
h&ndhng Surc hdrge will be made.

~Offerexe. Minolta & Sub- -miniature film. Rodl
can only be produced from K dowr I1. ["-lld-\(hl’“

Prices correct at time of going 1o press.

The new Giant Superprints cost

FREE ALBUM SHEETS

One album voucher is sent with
each film we process. Collect 3 — =5

vouchers and we send vou a set of
FREE album sheets to fit into our
specially designed album to show off

- both superprints and standardprints.
- MOREBENEFITS TO YOU

benefit in two additional
Fir tly, you enjoy a personal
vice ‘every care taken over
each mdmdua[ ordet. And secondly,
you pay only for what you get—with
no- credit vouchers as with many

~other companies, An invoice comes
—with your prints, so it is a straight

business transaction.

Your prints will normally be
despatched within five u.orlumz days
of receipt. but please allow for postal
times and possible delays.
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E.E. PROJECT KITS

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS
for E.E. Projects. We supply carefully selected sets of parts to
enable you to construct E.E. projects. Kits include ALL THE
ELECTRONICS AND HARDWARE NEEDED. Printed circuit
boards (fully etched, drilled and roller tinned) or veroboard
are, of course, included as specified in the original article, we
even Include nuts, screws and |.C. sockets. PRICES INCLUDE
CASES unless otherwise stated. BATTERIES ARE NOT
INCLUDED. COMPONENT SHEET INCLUDED. If you do not
have the issue of E.E. which includes the project—you will need
to order the Instruction reprint at an extra 45p each.

Reprints available separately 45p each - p. & p. 40p.

BURGLAR ALARM SYSTEM. June Bl Less bell, loop switches, &

microphones e s ke P S £k e v £34:82
TAPE AUTO STA e E10-88
TREMELO. June 8| Less case P emcliall | 7 ]
LOOP AERIAL CRYSTAL SET. lune 8| s EYB

LIGHTS REMINDER AND IGNITION LDCATOR E. E Mny 81 £4-8)
SOIL MOISTURE INDICATOR E.E. May £3:49
T. V. INTERFERENCE FILTERS E.E. May Bl. LOW PASS Isss tln-

plate £2-62. HIGH PASS £1 42

GUITAR HEADPHOMNE AMPLIFIER E.E. May 81. .................. £3:60

PHONE BELL REPEATER/BABY ALARM E.E. I"‘la}' Bl.. e 481
Rectangular cases.

AUDIO TEST SET E.E. May Bl. £40-B4,,.......... Less case. Case extra £6-95

DIGITAL RULE ({ulcrasonic) Aprll 81 : . 1746

INTERCOM April 8] ,
FREEZER ALARM Aprll
SIMPLE TRANSISTOI\ & DIODE TESTENS Mar Bl
Ohmeter version ...... HEFT Led version.........
MINI SIREN. Mar. 8l
LED DICE, Mar. 81, .....
LED FLASHER. Mar, Bl

MODULATED TONE DODI\BEL Mar BI

BENCH POWER SUPPLY. Mar. Bl . £47-98
TREBLE BOOST. Mar. 81, ......conis oo 622
CAR ACTUATED DRIVEWAY LIGHT. Feb. 81 lnss sacke\: . £21-73

THREE CHANNEL STEREO MIXER. Feb. 81 ........ e £15:89
SIGNAL TRACER. Feb. Bl ........... siseasraR iR vy

FOUR BAND RADIO,. Feb. Bl ........ccoconviiinmnminninnnn. 39
Ni-Cd BATTERY CHARGER. Feb. 8i £11-57
ULTRASONICINTRUDER DETECTOR.]an BI Iess case £45-96

AUTO SLIDE CHANGER. jan. 8] ..... . éﬂﬂ

PHASER SOUND EFFECTS. Jan. 8] 2:83
LOGIC PULSE GENERATOR. [an. BI... .. £6-B0
1 NOTE DOOR CHIME, Dec. 80.... .. EB-78
LIVE WIRE GAME, Dec, B0.. e RO 1
SOUND TO LIGHT. Nov. 30 '3 channel .. veunseennss  E1B98
GUITAR PRACTICE AMPLIFIER. Nov. 80 ...o.......... £I0- 96 less case
Standard case £3'58. High quality case £8-33.
SOIL MOISTURE MONITOR. Nov. 80.......c0ccvmimunn .. £4-94 inc. probes

TRAMSISTOR TESTER. Nov. B0 _.... crerinnen €989 inc, test leads
AUDIO EFFECTS UNIT FOR WEII!D 'SOUMNDS. Oct. 80. £11+15
PHONE CALL CHARGE JOGGER. Ocr. 30 .............. oo £6019
BICYCLE ALARM, Oct, 80 . ..EB-B0 |esx mnunr.mg brackets

IRON HEAT CONTROL, Oct. 80 ......oorvevernrs . £4-99
g ﬂl -85 case dliH.*!I:
w EI5:

DARKROOM CONTROLLER. Oct, 80

BEDSIDE RADIO. Sept. B0 .............. i 5

TTL LOGIC PROBE. 5ept. 80.... £4-41
TTL POWER SUPPLY UNIT. Sap:. 80 £13:72
CRICKET GAME. Aug. B0... £17-41
WEATHER GAME. Aug. 30 Jess ::sa £39 93] £73:78
AUDIO MILLIVOLTMETER. Aug. 80.... £1T 86

AUTOPHASE. June B0, Re:l:angular C::a
COURTESY LIGHT DELAY. |une BO.,‘
AF. SIGNAL GENERATOR. june 80 .
AUTOWAA. |une 80, Re:tangular Cne
G.P. AMPLIFIER. June 80 .....
SIGMAL TRACER. June 80 .
ZENER DIODE TESTER. june 80,
4 STATION RADIO. May 80 ...

AUTOFADE. May 80 .............

€13:94 less case
. £9:96

1981 ELECTRONICS CATALOGUE

Hundreds of |llustrations, product data,
KITS clrcults, and detalls of all our kits and TOOLS

I.Cs educational courses. RESISTORS

Up to date price list Includad, All products HARDWARE
TRANSISTORS are stock lines for fast dellvery, Send T0p CASES

CAPACITORS in stamps or add 70p to order,

ADVENTURES WITH ELECTRONI

An easy to follow book Sultable for all ages, ideal for bepinners, No Soldering, Uses
an 'S Dec' breadboard, Glves clear Instructions with lots of picturas, 18 projects—

——

Including three radios, siren, argan, rcom, timer, etc. HsI_Pn you laarn
abgutheie:trun!z componsnts nnd huw Ircults work. p pac n S-Dec
nnd the

t Pack £16-72 lass battery,

or the
Adventures With El s £1-90, C

ADVENTURES WITH
MICROELECTRONICS

i il -

Same slyle as above book; 11 projecis based o t cire : dice
two-tone duorbell eleclmntc organ, Mw.rLW 'rjutdlo. reaction tlrn'sor. ‘egc. Component pacl\

d, 1 F[ g=in
Advanti with N onics €235, i" P pack £26'95 |ess battery.

MAGENTA EL:iCT

LIGHTS WARNING SYSTEM. May 80 ... ... vesrvansie E3499
BATTERY VOLTAGE MONITOR. May 20 . £4:21
AUDIO TONE GENERATOR. le ﬂ o cvens £3°53
GAS SENTINEL. April 80.... £26-32
AUTO LEVEL CONTROL. Aprll 90 e — £7 69
CABLE & PIPE LOCATOR. Mar, 80 ....., .£3:50 less :oﬂ former
KITCHEN TIMER. Mar, 80 . e nee EI2-46
STEREO HEADPHONE AHPLIFI!R. Mal £15:43
5 RANGE CURRENT LIMITER. Mar, 80 ........... £4:24

MICRO MUSIC BOX. Feb. 80 £13-82 ...............Grey Clu £3-63 extra.

SIMPLE SHORT WAVE RECEIVER, Feb. 80 .....ccoovriuvurerrrs  €31-98
Headphones £1-98

SI.IDE’TAPE SYNCHRONISER. Fabi, BO.. . iuiiining s vanianimib e g nss

MORSE PRACTICE OSCILLATOR, Fab.80........ 000 soreriaeeiiisiriss £3:93

SPRING LINE REVERB. UNIT, Jan. 80

UNIBOARD BURGLAR ALAH.H Dec. £5-13
BABY ALARM. Nov. 79 ...... £8:20
OPTO ALARM. Nov. 79..... % nal pores
MW LW RADIO TUMNER. Nov. 79 50 less dial

ARMED BANDIT. Oct. 79 . £22-3
I-IIGI-'I IMPEDANCE VOLTMETE £15-87
GHAS!H LIGHTS. S-pt. 79 a £19-98
VARICAP M.W. RA| Sinhe o E898
SIMPLE TII.ANSI!T‘OR TEI%'EH. Snpt. i . £6-26
ELECTRONIC TUNING FORK. Aug. 79 e | L |

Suitable mlcr:rhom & plug ﬁ 59 extra.

WARBLING TIMER. Aug. 79 .... . £6+25

¥ POWER SUPPLY. Aug, 75...
SWANEE WHISTLER. Aug, 79 .
DARKROOM TIMER. julygn ’
TREMOLO UNIT. June 79 .............
ELECTRONIC CANARY. June 79.........
LOW COST METAL LOCATOR. June 79
Handle & coll former parts extra £5+55
QUAD SIMULATOR. June 79.
INTRUDER ALARM. May 1979 .
Less Ext, Buzzer & Lamp and Lnep
THERMOSTAT. 'PHOTO' SOLUTIONS. May 79, coevnsnnnnen,  E16:02
Less socket, tube and greass.
TRANSISTOR TESTER. April 79 .
TOUCH BLEEPER. April 79..
ONE TRANSISTOR RADIO. Mar. 79, Less case.
MICROCHIME DOORBELL, Feb. 79 .........
AUDIO MODULATOR. Feb. 79 ....
THYRISTOR TESTER. Feb. 79 .. it
ADJUSTABLE PSU. Feb. 79....... simen
HEADPHOME ENHANCER. ]ln ?9 e R
FUZZ BOX. Dec. 78 ........ g
MIC. AMP, Dec, 78 ..,
AUDIBLE FLASHER,
VEHICLE IMMOBILISER. Inc,
AUDIO EFFECTS OSCILLATDI‘. Nu\f TB

S T |n=. peb

= f £399 inc. board

PASSIVE MIXER, Oct. 78.. cers E3° T2
FUSE CHECKER. Oct. 78..... £l-97
TREASURE HUNTER. Oct. 75., £i7 “ Jass handlc & coll ‘former
GUITAR TONE BOOSTER. Sept, 78. £4-99 in. P-c b.
SOUND TO LIGHT. Sep: 8 SO I e N e e

FILTER .. R EI “
CAR !A‘I'TERY STATE INDICATOR S!pt 78, Loss cna o E1-TY
R.F. SIGNAL GENERATOR. Sapr. 78.. .. E13-77
SLAVE FLASH. Aug. 78... 20 less SK|

LOGIC PROBE. July R v D S-se €153
IN SITU TnANms-ron TESTER. ]unu 78, £5'7
FLASHMETER. M nx £12-84 Jess :llund diffuser
POCKET TIMER Korl 18 e A

98
WEIRD SOUND EFFECTS GENERATDR. !‘Iar 78.. . £4:80
CHASER LIGHT DISPLAY. Feb. 78..............c0. .« £18:80
AUDIO VISUAL METRONOME. Jan. 78.. £5:1

ELECTRONIC TOUCH SWITCH. ]an 78
RAPID DIODE CHECK. Jan. 7B.............

AUTOMATIC PHASE BOX. De: ?T
VHE RADIO, Nov, TT.......ieonisennnssisussssamssipsssnins
ULTRASONIC REMDTE CONTROL. Nnv J'Dt: 7?

ADD-ON CAPACITANCE UNIT, Sept, 77 ..
PHONE/DOORBELL REPE&TER }uiy b A 4 i £6-38
ELECTROMIC DICE. March 77 . T verkssssnsshavansnasnese IA DY

MEMORY BANK 3 BAND S.W. RADIO

Simple T.R.F. Design. Covering

SY"THESISER mast Amateur Bands and Short

Minlature synthesiser featuring
vlbrato, snvelope, tampo, volume :g:‘t’r!ai: 'OB'::;;:" Ba::;“:,i;;

+ plteh controle, Uses 24 push
button switches In a keyboard i:t!::m':br. gﬂ.:mg: ...M

style layout, Based on a custom
denlgned l.c. The naccessible H.?ﬁ.;r}.‘;:f: Er'lsm::ir;::l ‘:Intr-

mamory stores a 32 beat length i
ssquence of notes + spaces, pleca. K". connh‘u III tha :olrl|‘1

Can be played lII\la' Flttad with
an Internal spesker. Jack socket
allows the use of an saternal
amplifier If wlahed. Memory

Bank s‘nth. r £33-85.
MAGENTA ELECTRONICS LTD.

EL30, 135 HUNTER ST. BURTON-ON-TRENT, STAFFS.,
DE14 2ST. 0283 65435. MON.-FRIL. 9-4. MAIL ORDER.

CALLERS BY APPOINTMENT.
ADD 40p P. & P. TO ALL ORDERS.
ALL PRICES INCLUDE 153 V.A.T.

.C. Board and Case. Ingtruce
tions are mciultod with this kit,
KiT_£98 97. Headphones extra

OFFICIAL ORDERS WELCOME.
ASH WUBLIC& B.F.P.O. EUROPE:
)g\'rum prices shown Paymant.
=gt Min tarl
ACCESS and BARCLAYCARD (VISA)
mtmns AQO!FT!D BY PHONE OR

boa
pow
seri
wor

wocg
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ELECTRONICS LTD.
TEACH-IN-80

E.E. 12 part series. Oct '79-Sept '80, Covers the basics of electronics
—lots of practical work. Circuits are built on a plug-in Eurobread-
board, which Is built into a wooden console which houses the
power supplies, speaker, meter, pots and LED indicators. The
series uses a range of electronic components in the experimental
work including a photocell, 1.C.s, transistors, etc.

Wooden Conscle (Tutor Deck) kit £5:98 extra. Includes all the

. £3-99
£4-21
... £3:53
£26-32
. E7-69
| former
£12-46
£15-43
. £4-24
63 extra,
£11:98

.. £6-25
£16-71

£16-02
. £4-05

ind pins
.. £3'22
£18-98
.. £2-60
. £6:20

n
o
o
=
-1
o

no

wing
ihort
Five
read
and
b by
with
sar-

the
fruc-
k

xira

’ayrmnr.
HIVISA)
INE OR

wood, glue, feet and strap handle.

Electronic components, including Eurobreadboard, for the console
and the experiments £25-40 (called list A + B + C by E.,E)). Re-

prints avallable—Parts 1-12, 45p each.
List ‘C' only £2-45.

Get'a grear deal from

arshalls

Ci08D Bbip | 2NG45T 5dp
TIC48 2NB5484 63p
Tp |4 Bip!
QA8 9p| ACi2E 28p
16p| AC141 38
Woos Bp| ACT142 3p
Wo6 47p| AC176 37,
Z58d £2-92]BC1 1
IN4001 Sip BCisgL 11
N4 p|BC1 1
IN4148 SplBC1 1
5404 18p|BCiaiL "
| 18p | BC 1
BF244B £1p|BCZIZL 1
MPF102 89p|BC213 11p
A 57p|BC214 11p
VYNBTAF £1:21|BC214L "
ZN3819 28p|BD131 48p
2N3s20 8pl BFYS50 5p

W CARBON FILM RESISTORS

12 SERIES. 1R-10M ..ooooivimiininiins each
MIN. HORIZ. PRESETS. 100R-4M] 1 D each
MIDGET POTS. LINEAR. -ﬂ’OR-&MT Hp nach
LOG. 4K7-2M3

POLYESTER (C200) CAPACITORS, 250V
10nF; 1BnF; 22nF; 33nF; 47nF Tp each, 68nF;
1000F 8p. 150nF; 220nF 12p, 330nF 15p. 470nF 20p,
$90nF 2 p. 1uF 33p. 1-54F 40p, 2-2uF 85p,

SUB MINIATURE PLATE CERAMICS, s3v
6-8; B:2, 10; 15;
20; 33; 47 & aapr 0 emh‘ oupl’ 100pF 7p each,
1583 220pF, 330pF H each, WDnF, 4'.’0pF
In each. MpF each. 3300pF, 4700pF

2SonE 1A p.

ELECTROLYTIC CAPACITO
A!IAL Leads: 14F/16Y 11p; 1,uF|r53\f" 1#F.l’100\r‘

12p; 2-2uF;B3V, 3-3uF 83V, 11 63
104E/18Y 1Hp1 m;,rzw {0uF/esV 12p; 2uF 10
B24F/25V 120 ; 22uF/63V 150

1203 4TuE4 V 15p ; 47,F(83% 18p 1 100uF/16V 12p
10041F (2 40V 18

LINEAR I.C.s | LM281IN £2-27
555 32p| LM3g0oOW  85p
556 78p | LM300ON 79
741 2ip | LM3B1IN £1-5
748 55p | LM3D14N £2-89
30 1-21] LM3015N £2-9
CA A C3340 215
c £1:12] TBAB20 £1-08
CAJ40E !79 TLOG4 2-59
285 U237B £1

ICL7611 £1- LN2283B £1-47
IC C N1034E  £2:19
ICM7565 £1-19] ZN414 1-08
i S8p| ZNA1GCE £2-89
LF363 96p | ZN424E 14
Pip| ZN42SE  ES'W0

LM301AN 38p] CMOS
£2-09] 4 27p
LM317K  £3-56] 4011 0p
LM317T  £2-55] 4013 55p
LMazdN T8p 7 g
LM3BON #p | 4 £1:2
LM38IN  £1-98) 4024 78p
LM3geN  £1-62) 4060 P
LMagsN  £1-04] 4081 280p
LM38TN £1:39] 4083 L]
LM3sgN  £1-20] 4622 79
1 £2-32] 40174 £1-50

TRANSISTORS—JUST SOME OF OUR LARGE RANGE

NE29 £0-20 2N3T06 £0-12 2N4003 £1:50 BCH? £012 BD11 £0-50
N1131  £0-20 2N3708  £0-12 3N4SO7 £1-75 BC148  £0'12 BD138  £0-40
'N1507 £0:12 2N3709 £0:12 2N5033 £0'36 BQ“D £0-12 BD181 £0:75
AN1637 £0-18 ENaTi1 £0-12 2N5220 £0-12 BC158 £0'14 BD182 £0-20
N1 £0-25 2N3714  £1.00 ON5222  £0-15 BC1B0  £0°34 BD201  £070
2N19D1  £0:35 ON3TIE  £1.30 2 £0-18 BC167  £0-12 BD203  £0:70
N £3:00 2N3732  £1-50 2N6108  £0-30 BC168  £012 Bpopd  £0-70
N2195  £0:50 2N3T71 65 2N61 £0-50 BC189  £012 Bpo3s  £0-35
N2217  £0:25 ONS772  £1-90 2N6126  £0-64 BCI70  £015 BDoso  £0-38
N2221  £0:22 ON37B9  £0-80 40284  £0-50 BCI/1  £0-11 Bpuz  £0-42
2NZ368  £0-24 2N £1-50 40312  £0-50 BC172  £0-11 BOM4  £0.60
2N £0-45 ON391  £1°50 40316 £0'50 BCI?d  £0-15 oo e
ZN2T14  £0-12 N304  £0-12 £0:20 BC122 g0z BB, £0

N0 £028 N9 £0.22 £020 BCia3  £0-12 BOSE  £0:45
2N2005  £0-25 2NSBBAA £020 ACIZT  £0-20 BCiss  £0-12 SO0 £048
N2007  £0-28 2IN3B56A £025 ACI28  £0-24 BC £0:17 BOYL ;

NJOE3  £0-30 N3OS £0-14 ACISIK £0-20 BC212  £0-42 Bric  £018
N3054  £0-70 2NIDOS  £0-15 ACIEB  £0-30 BO213  £012 050
N3055  £0-70 2N3962  £0-25 ACI88K £0.35 BC214  £0.12 BFR39  £0.22
N310B  £0-25 2N4| £0-48 ADI61  £0-45 BC £0-12 BERS1  £0-02
2N3393  £0-14 2N4DSD  £0-13 ADIS2  £0-45 BC3AT 4 BEYS0  £0-27
N3402  £0-11 2N4060  £0-13 AF106  £0-12 BC350  £0-12 BSY2E  £0.30
2N3440  £0:80 2N4249  £0-13 AF109  £0-12 BCb48  £0.12 TIP34C  £0.85
2N3441  £0-90 2Nd284  £0-15 AF126 €012 BCBS®  £0-12 TIPHIA  £0-55
N3570  £1:95 2NA286  £0-12 BC107  £0-16 BCYSS  £0.20 TIPS  £1:40
N3638  £0:15 2N428B  £0-12 BCH £0-16 BCYS9  £0-20 TIP110  £0-67
N3§ £0-15 2N4400  £0-15 BC109C #£0-16 BCYS!  £0-20 TIP11T  £0-80
N3643  £0-15 2N4B22  £0'50 BC115  £019 BCYI2 £0-20 TIPISS5 £0-65
2N3T02 12 ZN489B £1:00 BC118 £0-19 BD115 £025 £0-18
2N3T05  £0-12 2N4S01  £1-25 BC136  £0-12 BDI16  £0-75 ZTX501  £0.14

Green 1dp.

e lon a9, Green 28p.
FLA!HING LED ........ T8p
RECTANGULAR. Red Sip

MAINS PANEL. Neon

ZENER DIODES. 400mW.
BZY88, Range 2V7 to 33V,

1+ 100uF/40Y 18p; 100uF/83Y 20p;
BR0UE/IOV 18 2ROLF) 19n; 4T0UFI10V 29p Ao aah
4T0uF[25V 38p 1 AT0uF/dDY 850 GBOUF Fli6V 32p] 1.C. SOCKETS
1000uF/10v 30 F)'15\:‘ um 'IDDO,uF 26V 48p | PN '.ﬂ 18 plni..... 22p
10004F/40V § p.lﬂuﬂn r J10V 38p; % 24'pin...... 48p
2200uF /25V B4p ; 2200uF/63V £1-10. nn 28 pin...... 45p
:!m"'?guu LE spat 59 dt 68p; dpdt 79 gof:;:FK o,

. 1 spal i 8 . acon ..
MIN, PUSH ON. iip. ~ PUSH OFF. 22 22p. P | sookF ditecon . 2.92
Fon'rawl'l CH & ALT. AG‘I'ION spco £1-38; Ver OpF’ ﬂ 8.

ROTARY &) SWITcH!s. 1p 12 way, 20 bw, 39 4,
4p 3w #9p o P one

CHo4 Capac,: 1

5pF £2- 4!. qu ‘248 100pF
EZ.83. 150pF £3 48,

'01' 365pF £3-43. 'Dﬂ' 365pF £4-49,
'02' 208 + 176pF £3-88.

SPEAKERS. Minluluée 8 ohm

CRYSTAL EA 85p
MONO HEADPHONES.. £2-98
TELEPHONE P!CK—I.IP COII. L. T2p
MIN. BUZZERS, 6V, S0p. £1°10.
ANTEX X25 BOI.I:IlIlING II!ON BW.
SOLDERING IRON STAND ........... £1
SPARE BITS (for X28), Small, , large B5p each
HOW TO SOLDER SHEET - 12p
IN 3p
P ’.g
T2
£1-89
£1-88
48
11-98
98
G8p

ER
BREADBOARD
OARD 1

DEC it

LINEAR INTEGRATED CIRCUITS

QIGITAL CIRCUITS
AY2513  £3-85  SAAS0M0  £1514 CD4000 €018  CDA00B
DP8212  £2.05 SAABOS0  £8.51 CD400IB £0-20  CDA510B
LF183IN  £2.95  sAsE0  £1:45 e :
LFI37T41H  £0:54  sassi 2148 CD4008E £0-75  CD45208
LMI3TK  £1152  g5as6e0  £1:80 CD400D £0-40  CD4532
LM30O1AH  £0-72 SFFOE300A £6-50 CD4M0  £0-46 N7400
LM317T €150  SFrossion £3.00 Counie £0-20 N4
A e 084 SFrosmsmia £4-25 DAQIIB £0-80  SN7404
sLI01C £2°50 4 £078 N7410
LM3g1N £1-44 : D4015  £0°80 N7412
et e SNOOSN  £2-40 § &
IMason  so.gs  SN76OSIN  £185 40178 5072 e
LM340T5  £0-25  SNTBION  £1-85 : 423
SNT6115N  £1-65 DI0OB £0 SN7428

LMT23CH  £0:85
LMT723C14  £0-50
LM741C14  £0-57

c
I
Cl
c
Cl
c
c
[
C
SNT6226N  £1-75 c
SNT6228N  £175 CDU024B €064  Spvadr
Ci
SNT442
c
C
5
C|
c
Ci
c
¢
c

$88523BBSS BREEBERSE SR550208R8 BEERREE BREBRERBEY

LMo23 £0.44  SNTBI1BN  £1-75 D4028B  £0-75
L1309 £1.25  SN76686  £0-70 e N7t
LMiB0T  £2:04 TAA283  £1-00 DAOISE £1:00  SHIae
LM1871 £375 TAASSt  £0-75 £085 2y
LM1872 £3:75  TAAM0  £1-50 DTS 80 385 L gNds0 :
LM3sia  £2-20 TBA120  £0-65 DR S BNuMb
NES43K  £1'55  TpasioQ  £2:20 DipHs £102 sNams
NESd4 £1:60  TEAROS  £0-90 D4soB. £0-3s  SNT4G0
; NTAT2
NESSS £0-28 CD4051B  £0-75
TBAS0Q  £2:95 CDe0s2B £0-75  SN7484
NES56 £0-60 Nv450
NESss £312 TCA210S  £318 008 £1-28 SNTAN
TCATS0  £2-85 CD4083  £1-40
NE565 £1-05 0668 £0-48  SN7482
NESG6 £1:53 TCABJS  £1-25 CD4067 £4'05 SN7493
NE570 £425 TDAI0S  £3:60 CDioss £030  SNMASE
SAAASO00 £3.04 TDA2340  £3-85 Codes £0.22  SHTHO]
SAABDID  £7:11  TDAZEI1 2140 e N78141
SAAB012  £711  TLOBICP £0.32 CD4073B  £0-24 NT74155
SAAS5020 £5323  TLOBICP £0-72 Codoren £0-2¢ 74157
SAAS030 £826  TLOBACN  £1-20 SoumIB L2 14
CO4085  £0-94  SNT4174
CD4086 £0-88  SN74182
CD4095  £1-35  SN74190
CD4036  £1-35  SNi92

B SN SRR RE R 2o 0 A8 250: RERAERS AaaaaERses

PP3 CLIPS ., e
PANEL METERS.
VEROBOARD 01" COPPER. 10 strips, 24
243 37TH. '}In. 245 50H. #8p. 385 37H. 80p.

............ ‘1: PP8 cun. e
B0 % 45mm . BOA, UWAI‘MA 1A,

« £1:20 per 8

365 50H, B9p.

TERMINAL PINS
PIN INSERTION TOOL .

. £1-09 SPOT FACE CUTTER...

By

PRESENSITISED POSITIVE FOTO RESIST PC JUST A TINY

BOARDS 1-6mm THICK FRACTION OF OUR
SIZE SINGLE SIDE DOUBLE SIDE RANGE.

100 x ggmm g;g g a5 ALL KINDS OF

100 x @20mm ! COMPONENTS AND

203 x 114m £1:70 £2- 10

2334 x Eﬁn"n.:m £3'78 £4:50 ALSO TESTGEAR.

MULTIMETER TYPE 1. 1,000 opv with probu. 2" x 8}" A e AP sk eie BB 66

MULTIMETER TYPE 2. 20,000 opv with tr tos £14-78
CROC CLIP TEST LEAD SET. 10 |eads with 20 cllpl AL I TR A8 . Bip

CDHH!rcTIHG WIRE PACK. 5 x 5yd colls

4 :
PLUG-IN POWER SUPPLY. 4:5V, OV BY, 300mW .,

DIMMER EW 'rt:

ODE CALCULATOR .

PVC TAPE. 3
DENTISTS INIPIG‘I‘ION MIRROR

Ji\\'!l.l.lﬂl EY lﬂ

ILLUMINATED MAGNIF:IER. 13" £1-14 ..

PLEASE ADD POSTAGE/PACKING 60p UNLESS STATED, ALSO
15% VAT ON TOTAL—ALL ITEMS ON THIS ADVERTISEMENT
SPECIALLY SELECTED FOR EX-STOCK DELIVERY.

Everyday Electronics, August 1981

A. Marshall (London) Ltd.,
Kingsgate House, Kingsgate Place, London NW8 4TA
Industrial Sales: 01-328 1008 Mail Order: 01-624 8582 24hr service

Also retall shops: 325 Edgware Road, London W2,
40 Cricklewood Broadway, London NW2,
85 West Regent Street, Glasgow & 108A Stokes Croft, Bristol.

515




DOUGLAS

~

A "°‘“DOUG‘ A S TransFormers From TITAN

NEW FRANCHISE AT FANTASTIC PRICES - EX STOCK

12/24V RANGE PRIZ20/240Y 15/30V RANGE PRI 2207240V

25/50VRANGE PRI120/220/240V 30/60V AANGE PRI 120/220/230V

SEC: SEC; SEC:
o 2V o 12y OV 12¥ 15V OV 5V 9V 15V OV 20V 26V OV 8V 156V 25V V2N 3 LA 30V
PE s BhicE PP i voirs A\mugnelz z;Hlsc—Eo—mP i VOLTS QUT § == 26 —0—25 VOLTS 6130 —0—3
UL sl s ‘ - Vil Y. K ! TYPE __ AMPS  PRICE PP TYPE __ AMPS  PRICE  P)P
242 03 015 170 0-40 112 I e Sy 0095 R S o £ 5% e i
213 1 050 232 070 79 2 00 316 095 it s 1 143 : s
71 L] 251 090 3 4 2 5-64 1-43 3 2 -0 360 1-43 126 2 | 5-78 I
18 R & 324 |43 20 & 3 659 173 104 4 2 704 1:73 127 4 2 713 173
68 3 15 3.5 |43 21 8 4 7-80 173 105 & 3 813 1:90 125 6 3 10:73 1:90
85 - 552 143 5 0 s 9.68 180 106 8 4 s 1:50 123 [ 12:28 2-20
70 § 3 518 143 17 i & 10-97 2.05 197 12 6 14-79 2:20 49 10 5 15-55 2-20
108 B 4 7:36 173 88 16 8 1465 2-20 e 16 8 2049 2:55 120 12 6 17-72 2:35
Ty Sl 8:05 165 89 20 10 1693 2-35 M3 Aty e i = o A
ME--ul E 8-57 |50 9 24 2 16:84  2.55 ’ : ! :
B e 8 1053 205 8] - 30" 5K 21-56 285 109 M Lo R
187 30 15 1762 245 92 40 20 30-08 3-50
Al/36V AANGE PRI 120/220/ 240V AUTOTRANSFORMERS 240/220—15V CASED AUTOTRANSFORMERS LINE ADJUSTMENT AUTOTRANSFORMERS

480V LEAD IN:116V 2PIN SDCKET OUT

SEC: BEVA — 1D KVA
VOLYS T2 ms k8 D ag “"'P nsy 22; 240V AE 0 200 210 220 230 240 250
TYPE | AMPS  PRICE PP Bl i g 1) TYPE VA PRICE PP TYPE VA PRICE PP
M v 25 85 T TR | :
:!? 1 ?-5 ;"H |-43 64 80 4:40 110 ﬁw Eg ;g} ?ﬁ 415C 50 2:13 0-58
T n 17 4 150 564 .43 e I8 T 416C 100 3100
R P 69 250 St S oW 250 1198  1.90 417C 200 365 |43
M aae A 5 50 g im W 500 is'er 220 418F 350 563 |43
435, 100 8 216 265 83 750 1242 220 e AL e 419F 500 o -
46 13 6 3275 400 84 1000 1688 265 4 420E 750 7:60  1-90
437 16 8 537 460 1 ARVA hlaage - on 73W 3000 6918 800 S iy [0-85 - 2408
73 3 &-17 478
57 5 8742 550
10 10 159:45  13.00
MAING I50LATORS |SAFETY SCREEN ) MAINS ISOLATORE |SAFET Y SCREEN) INVERTDDR . MAINS ADAPTORS
PRITI0II0:280% BEE 40y BAY GV BBV BOV GOV GOV OV G4 BOW | (R JB0/MIBAN0 GEC 80V SEY BOV BOV SRV say g‘w;ﬁv fc”;.;:are wave :gg‘;& pc:j" IR’Ie:‘R’STA‘S?!%I"T‘D::’};CK LEAD
TYPE VA PRICE PP TYPE VA PRICE PR INV. 1 CASED—PVC covered steal ::.le TYPE VA mA  PRICE PP
ar - - ‘i; ' %3 Ak & 1’-‘35 | _{43 rﬁ'\',tl ga 3-pin socket 2“'“3;9 £0.35 100 Ré;?-f&vd 250 3-85 B
. .2, L £39- ulage
150F 100 88 173 244F 100 wier - SO B R [ 67:5-9 300 470 58
ISIF 200 12:15  2-08 245F 200 1245 205
|52F 250 14:78  2:20 248F 250 1475 2:20
}gi: ggg I!-;.g ;gg %g; ggg ;g?'% 1:? SEND TODAY 50p (REFUNDABLE WITH FIRST ORDER) FOR CATALOGUE
lsse 70 now 7o : TITAN TRANSFORMERS AND COMPONENTS

CENTRAL HALL CHAMBERS GRIMSBY DN322 7EG HUMBERSIDE
MAIL ORDER ONLY - PRICES INCLUDE 15

TECHNICAL TRAINING
IN ELECTRONICS AND
TELECOMMUNICATIONS

ICS can provide the technical ki that is so to your
knowledge that will enable you to take advantage of the many opportunities
open to you, Study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee coaching
until you are successful.

City and Guilds Certificates:
Telecommunications Technicians

Radio, TV, Electronics Technicians
Technical Communications

Radio Servicing Theory

Radio Amateurs

Electrical Installation Work

MPT Radio Communications Certificate

Diploma Courses:
Colour TV Servicing

Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation

and Contracting

POST OR PHONE TODAY FOR FREE BOOKLET

I":s 'é‘:];:;:emaﬂonal Correspondence

D&pt K 268 Intertext House, London
SW8 4UJ or telephone 622 9911

LT P T o T i
Address .
....... SIS e (O LT

516

MIGHTY NINETY PACKS

SUPER VALUE PACKS ALL AT 9%p EACH
POSTAGE 20p PER PACK UP TO FOUR PACKS
FIVE OR MORE POST FREE
BUY SIX PACKS AND GET A SEVENTH PACK FREE!

MMN1. 300 4-watt Resistors pre-formed for
P&C Mta,

MM2. 200 3, AND }-watt Resl|stors.

MMN3, 100 1 & 2-walt Resistors.

MMN4. 50 Wirswound Resistors.

MMNS. 100 metal oxide Resistors. 1%, 2%

and 5%.
MNG. 12 asstd. potentiometers.

MN23. 11b asstd. scraws, nuts, washers,
salf-tappers sic,

MN24. 100 asstd, small springs.
MNZ5. 50 asstd, pop rivets,
MM26. 50 assted, insulated crimps.
MN2ZT. 200 items, grommets, spacers,
cable markers, plastic screws, sleeving,

tie wraps etc.
MMT7. 25 asstd, ske|eton pro-set Resistors, MMN28. 20 asstd, fuses. 14" 20mm etc.
MMN8. 50 asstd, Eletrolytic Capacitors. MN29. 75m equipment wire, asstd.

MNS. 100 asstd, Ceramic Capacitors, Plie,
dise, tub and monolytic etc.

MNT0. 100 mixed capacitors. Polyester.
rulvatyrane, Metallised, Radial and Axial
ypes,

colours and sizes.

MM30. 3 = 2m length, 3 core, mains cable,
MN31. 12 asstd, trimmer capacitors, com-
pregsion flim. Alr-spaced ete,

MN32. 15 30pf Beehive trimmers,

MN11. 20 asstd. Silver Mica Capacitors, MN33. 20 coil formers, ceramic, plastic,
MiN12. 8 Tantalum Bead Capacitors (useful roed relay ete,

values). MN34. 25 min. glass reed switch,

MMN13. 20 asstd. Transistors. BC, 2N MN35. 10 asstd. switches, togale, slide,

Serles + Power etc,

MMN14. 40 IN4148 Diodes.

MN15. & Light Sensitive Devices.

MMN16. 20 min, wire-endad Neons.

MN17. 2 12-volt Relays, Ex nearly new

aquip.

MMN18. 3 Encapsulated Reed Relays. 9-12v,
coll, d.=pole and t.-pole.

MMN1B. 2 2d-volt Relays, Ex nearly new
equip.

MNZ0. 1 240-110 to 12-volt, 100ma Trans-
former.

MNZ. 1 240-110 to 24-volt 100ma Trans-

ormer.
MN22. 8 27 Led's with clips. 4 red, 2
yellow, 2 green.

micra, ete,
MN37. 10 asstd. audio connectors. Din
phono etc.

MM38. 1 PCB with irlac control |1C data inc.
MN39. 1 osciliator PCE loads of com-
ponents (no data).

MN40. 50 Polystyrene Capacitors.

MMN42. 10 BC107 Transistors,

MN43, 10 BC108 Transistors.

MMN44. 10 screw fix 5.P. C.0. min, slide
switch.

MN45. 5 1-35V. 1,000 mA/H. Mercury
batteries §in dlameter « §in high.
MMN58. 2 x CA 723 voltage regulator.
MMNB4, 5 press-t ke min. switch
MMNB5. 3 BF 245-FETS.

PLEASE QUOTE NO. OF PACKS WHEN ORDERING

CHORDGATE LTD.

75 FARINGDON ROAD, SWINDON, WILTS.
Tel. Swindon (0793) 33877. Retail shop at above address.
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'%’ CUBE MANIA—FREE OF CHARGE!

BECOMIE AN INSTANT MUSICIAN
NO EXPERIENCE NECESSARY

The success story of 1981. Hundreds sold a]ready'
As featured on ‘‘Tomerrow’s World**

Create your own music with a VL-TONE. You
combine the sound, rhythm and tempo and the VL-1
plays it back . . . beautifuily'
CASIO VL-TONE (VL-1)
Electronic Musical Instrument
and Caleulator -

]

(R.R.P, £39-95)
ONLY £35.95

VL-1 records and plays back up to 100 notes as a
melody. One Key Play or Auto Play of Piano, Violin,
Flute, Guitar and Fantasy, or create your own
unique sounds with A.D.SR. 10 built-in Auto
Rhythms and Tempo control. LCD digital readout
of notes and tempo. Also a calculator. Battery
powered with memory and program retention.
Integral ampllﬁer;‘speaker Oulput jack. With Song
Book. Dims: 1§ » 11§ .

CASIOTONE POLYPHONIC
KEYBOARDS

With built-in amplifier and loudspeaker
MT-30

(R.R.P, £115)
ONLY £95

22 instruments over 3 octaves. 4-position sound
memory. Battery or mains. O/P jack. Dims: 2% x
228 x 6" 6lb,

%% NEW %% CASIOTONE CT-202

“Son of success . . . The two harpsichords demon-
strate the Casiotone's talent for sparkling, crystal
clear tones . . . Even more impressive is the
clav .. .”" (Melody Maker).

49 instruments over 4 octaves. 4-voice memory
function with push button selection. 3 vibrato
settings and suostain. Pitch control. O/P jacks.
AC only. 3§ x 34% x 114" 15:8lbs.

CT-301

{R.R.P. £285)
ONLY £245
14 instruments over 4 octaves. 8 x 2 rhythm accom-
paniments. Vibrato and delayed vibrato. Start/stop,
siy;nchro start, tempo control, tempo indicator, and

rhythm volume, Pitch conlrol. AC only. O/P jacks.
45 x 31% x 125" 271bs.

CT-401

(R.R.P. £345)
ONLY £295

As 301 plus following: 16 rhythm accompaniments,
with fill-in, Casio Auto Chord for one finger or auto
accompaniment. Plays major, minor and 7th chords
with bass. Balance control, C.A.C. lever, chord lever,
memory lever and octave switch. Dims as 301.
Weight 28 - 21bs.

PRICE includes VAT and P&P. Send

cheques, P.O. ot phone your ACCESS
or BARCLAYCARD number to:
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UC365 UcCiso

CASIO SCIENTIFIC CALCULATORS
WITH LIQUID CRYSTAL DISPLAY

for long, long battery life

FX81 FX100
FXB81. 8 digits. 30 scientific functions. 4,000 hours
battery life. Auto Power Off. § » 3 x 53", £12-95
E&[ﬁlﬂs}s 10d, 44f. 7,500 hours. A.P.O. § x 3 x 53"
FX550. Replaces FX510 shown above. 1 lithium
battery lasts 13,000 hours. A.P.O. 104, 50f.
§ % 2 x 53", £19.95

SUPER SCIENTIFICS WITH TIME
DIMENSION

FX6100 FX7100 FX38 l(l{l

FX8100. 46f. Clock, calendar, alarm, hourly chumes.
count down alarm, stopwatch., 3 x 2} 54",

£24-95
FX7100. Card version without calendar. £24-95
FX6100. Hand-held version of FX7100. £17-95

CASIO PROGRAMMABLES

with A.P.0. and memory and programme retention

L1 -lz-
-
'-=n-¢

FX180P

FX3500P FX502P

FX180P. 10d, 55f, 2 programmes, 38 functional
steps.  Integrals an Regressional  analysis.
% x 5i”. £19-95

XSSU;}P As FXIB0P but 61f. & x 2 x> 351"

£22-9

FX602P. Similar to FX502P, shown above. Alpha-
numeric display with dot matrix. 32-512 (maximum)
program steps. 22-88 (maximum) registers. 33
parenlheses at 11 levels, Jumps: Unconditional,
10 pairs. Conditional, up to 9 subroutines up to
9 levels, £74-95

CASIO MELODY ALARM CLOCK
CALCULATORS

UC365. 3 melodies, universal calendar, date
memories, two date alarms, daily alarm, hourly
chimes, countdown alarm/stopwatch, time memory.
1 x 4] x 2}". £19-95

UCBﬂ). Card version of above. &x *x 3% = 24"

£19-9
UC3000. Office version. 1§ x 4 x 61", £27:95

MQ1200. 12 melodies, 2 alarms, hourly chimes,
date memories, anniversary memories, calendar.
1& x 6 x 23", £19:95

ML-90. Wallet version of above, with stopwatch.

£14-95
ﬂ%-‘;g Card version of ML-90. & x 3§ x 24",
ML2000. Office version of MQ-1200. 1§ x 4 x 6}".
£22:95

SEND 20p FOR DETAILS OF SELECTED CASIO AND SEIKO PRODUCTS

Dept. EE, FREEPOST, 164-167 East
Road, Cambridge CB1 1DB
0223 312866.

Tel:

With purchases (tlld“llll., over £17-50.
Only on req
Offer closes

THESE SPACE INVADERS WILL
ALARM YOU—

THE PRICE WON'T

Casio’s most amazing watches ever!

CA-90 (left)
£24-

1

CA-901 (right)
£29:95

Time and auto calendar, calculator, alarm, hourly
chimes, stopwalch, dual time, DIGITAL SPACE
INVADER GAME.

100 METRE WATER RESISTANT
WATCHES

with alarm and stopwatch

W-150 (left)
£32-50

W-150C (right)
£25-95

Time and auto calendar, alarm, hourly chimes,
countdown alarm timer with repeat memory function,
stopwatch. Time is always on display, regardless of
mode. Stainless steel,

W100 (left)
£19-95

UC50W (right)
50m W/R
£19-95

WI100. Resin case/strap version of WI150 (same
specification).
UCS50W. 50 metre water resistant with universal full
month calendar display with forward/backward
stepping. Alarm, hourly chimes and stopwatch.
Stainless steel.

12 MELODY ALARMS AND
STOPWATCH

M12 (left)

M1200 (right)
5/5
£29-95

7 Daily melodies, one lor each day, 3 anniversary
melodies, 2 date memories, hourly chimes, count-
down alarm timer with countup after zero, or
stopwatch.

LCD ANALOGUE.I'DIGITAL with amazing ‘“‘star-
burst’” display. Dual time (analogue and digital),
alarm, hourly chimes, countdown alarm timer,
stopwatch, auto calendar,

AAB1 Chrome £29-95, AAB2 S/S £39-95.
AABIG Gold £49-95.

?{320:951?81 Alarm, stopwatch, etc. Resin case/strap.

SYMPHONIC ALARM CLOCK

MA-1 e
£9.95 TP .
Mozart No. 40 |
or buzzer,
Hourly chimes.
Snooze facility.
1§ x 4§ x 3%,
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Reach advanced
computer comprehension
in a few absorbing hours

1980 saw a genuine breakthrough -the
Sinclair ZX80, world's first complete
personal computer for under £100. At
£99.95, the ZX80 offered a specification
unchallenged at the price.

Over 50,000 were sold, and the
ZX80 won virtually universal praise from
computer professionals.

Now the Sinclairlead is increased:
for just £69.95, the new Sinclair ZX81
offers even more advanced computer
facilities at an even lower price. And
the ZX81 kit means an even bigger £
saving. At £49.95 it costs almost
40% less than the ZX80 kit!

L.ower price: higher capability
With the ZX81, it's just as simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
but incorporates a new, more powerful
8KBASICROM -the 'trainedintelligence’
of the computer. This chip works in
decimals, handles logs and trig, allows
you to plot graphs, and builds up
animated displays.

And the ZX81 incorporates other
operation refinements —the facility to
load and save named programs on
cassette, for example, or to selecta
program off a cassette through the
keyboard.

Higher specification, lower price -

how’s it done?

Quite simply, by design. The ZX80

reduced the chipsinaworkingcomputer
~from 40 or so, to 21. The ZX81 reduces

the 21to 4!

The secret lies in a totally new
master chip. Designed by Sinclair and
custom-built in Britain, this unique chip
replaces 18 chips from the ZX80!

Proven micro-processor, new 8K BASIC
ROM, RAM —and unique new master chip.

518

ew! Sinclair X8I
rsonal Computer.
il': £4 .'9_5' complete

Kit or built—
it’s up to you!

The picture shows dramatically how:
easy the ZX81 kit is to build: just four
chips to assemble (plus, of course the
other discrete components) —a few
hours' work with a fine-tipped soldering
iron. And you may already have a
suitable mains adaptor-600 mA at 9V
DC nominal unregulated (supplied with
built version).

Kitand built versions come complete
with all leads to connect to your TV
(colour or black and white) and
cassette recorder.

New, i
® Z80A
version

re

® Mull

2% numeric

/ @®Upto

" ¢ | ®Randc

+ aswella

® Casse

named f

@ 1K-byt

bytes wi

@ Able t

New (not avai

Sinclair ® Advan

teach-yourself ke

BASIC ; 18 ZX80

manual

Every ZX81 comes a

with a compre-

hensive, specially-
written manual—a
complete course 3N
in BASIC program- = e

ming, from first principles to complex
programs. You need no prior knowledge*
—children from 12 upwards soon
become familiar with computer
operation.

Sincle
6 Kings f
CB2 1SN
Reg. no:
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New, improved specification
@ Z80A micro-processor—new faster
version of the famous Z80 chip, widely

- [€COgNised as the best ever made.

® Unigue ‘one-touch’

g key word entry:
the ZX81
eliminates a great
. deal of tiresome
~_ typing.Key words

# (RUN, LIST, PRINT,
etc.) have their own
single-key entry.

7 @Unigue syntax-

7 check and report codes
~—/ identify programming

7 errors immediately.

7 @Fullrange of mathematical
7# and scientific functions accurate
to eight decimal places.

@ Graph-drawing and anjmated-
display facilities.

® Multi-dimensional string and

2 numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function-useful for games
as well as serious applications.

® Cassette LOAD and SAVE with
named programs.

® 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

@® Able to drive the new Sinclair printer
(not available yet-but coming soon!)

® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master chip
- unique, custom-built chip replacing

18 ZX80 chips.

— g [ — | |

|Z X8I

Sinclair Research Ltd,
6 Kings Parade, Cambridge, Cambs.,
CB2 1SN. Tel: 0276 66104.

Reg. no: 214 4630 00
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If you own a
Sinclair ZX80...

The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80
owners as a drop-in replacement chip.
(Complete with new keyboard template
and operating manual.)

With the exception of animated
graphics, all the advanced features of
the ZX81 are now available on your

: ZX80~-including the ability to drive the

Sinclair ZX Printer.

Coming soon-
the IX Printer.

Designed exclusively for use with the
ZX81 (and ZX80 with BK BASIC ROM),
the printer offers full alphanumerics
across 32 columns, and highly sophisti-
cated graphics. Special features include
COPY, which prints out exactly what is
on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer198i,
at around £50 -watch this space!

16K-BYTE RAM
pack for massive
add-on memory.

Designed as a complete module to fit
your Sinclair ZX80 or ZX81, the RAM
pack simply plugs into the existing
expansion port at the rear of the com-
puter to multiply your data/program
storage by 16!

Use it for long and complex pro-
grams or as a personal database. Yet it
costs as little as half the price of com-
petitive additional memory.

How to order your ZX81

BY PHONE -Access or Barclaycard
holders can call 01-200 0200 for personal
attention 24 hours a day, every day.

BY FREEPOST - use the no-stamp-
needed coupon below. You can pay by
cheque, postal order, Access or
Barclaycard.

EITHER WAY —please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and
we have no doubt that you will be.

To: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY. Order
| Qty | Item Code | Item price ] Total |
I Sinclair ZX81 Personal Computer kit(s). Price includes I
I ZX81 BASIC manual, excludes mains adaptor. 12 49.95 I
Ready-assembled Sinclair ZX81 Persanal Computer(s).
l Price includes ZX81 BASIC manual and mains adaptor. 1 69.95 |
I Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 I
I 16K-BYTE RAM pack(s). 18 49.95 I
8K BASICROM to fit ZX80. 17 19.85
I Post and Packing. [* 2.95 l
| Please tick if you require a VAT receipt [J TOTAL & I
| *| enclose a cheque/postal order payable to Sinclair Research Lid, for £ I
l *Please charge to my Access/Barclaycard/Trustcard account no. I
| e |l ) O R 88| i ) B SV S |
*Please delete/complete as applicable. Please print.
s ratte. SRR T ISR I e S e
e e R N W e
B R T T e e G RS R R
l_FREEPOST - no stamp needed. EVEOS
e— CEmm TR S G ST G T D S Sme e GRS o’ RGNS S USRS SR S ey
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EDITOR
F. E. BENNETT

Projects... Theory...

ASSISTANT EDITOR
B. W. TERRELL B.Sc.

pﬁonuarlou EDITOR | | and POpUIaI' F eatures ...

D. G. BARRINGTON

TECHNICAL SUB-EDITOR
S. E. DOLLIN B.Sc.

DITOR B o T M T B
e e CEEEFTERERLAEERERTENY
FUND RAISER MATTER OF TIME
ASSISTANT ART EDITOR Everyone enjoys a flutter, and there’s How many beats to the bar? Soft
P. A. LOATES always some good cause in need of a or hard boiled? Two well known _
e fund raiser. The modern art of elec- instruments that cater for these !
tronics has its part to play here, for rather different needs have their
TECHNICAL ILLUSTRATOR it enables the updating of traditional electronic counterparts in this issue.
D. J. GOODING fairground or bazaar amusements, The CMOS Metronome produces a
making them suitable for voluntary steady ticking which is often preferred
EDITORIAL OFFICES neighbourhood events—indoors or out. by mpsicians to the tick-tock of the
Kinga Reach Tower, Our allelectronic version of that traditional clockwork driven beat-
Stamford Street, old favourite the Wheel of Fortune marker. Theg L.E.D. Sang:lglass uses a
London SE1 8LS operates either from a 12 velt car column of lights to register the pas-
Phone: 01-261 6873 battery or directly from the mains. sage of time from two minutes to

It is quite portable so if the need four-and-a-half minutes, in half-min-
arises it can be rapidly transferred ute intervals.
to that alternative indoor venue which

prudent féte ort')ganisers always anE n MO%%EBPB?{CTISEW e

nounce on their bills, in recognition o re some reakers gettin e

FUNERTIE RANT MANARER the vagaries of the British summer. Amateur Radio bug, as well? At
R. SMI:I'H any rate, the number of Licensed
Phone: gi-w 8511 Amateurs is increasing and a demand
CHILD PROOF for a learning aid such as our Morse

REPRESENTATIVE The child-proof medicine container Practise Oscillator is apparent. A fact
R. WILLETT does not always live up it its name. underlined by those readers who
Phone: 01-261 6865 Little fingers often discover the secret complained about the omission of this

of the safety bottle cap and, hey project from last month’s issue. We
presto, the lid is off before a parent apologise for the error in mentioning

CLASRIFIED MANAGER is alerted as to what is going on. the Morse Practise Oscillator on the
C. R, BROWN Locking the medicine cabinet is one  July cover and so inadvertently raising
Phone: 01-261 6762 - sure way of pre‘renﬁng such hazards‘ expectations not fll]:ﬁ.“.ed by the actual

but for family reasons this is not contents, The one-month delay in

MAKE-UP AND COPY always desirable, Another way to  Wwaiting for this project we trust will

DEPARTMENT : thwart an infant's explorations in a  not have cooled anyone’s ardour to
Phone 01-261 6615 danger area is to fit a simple alarm acquire an Amateur Radio Licence.

device that sounds off whenever the

cabinet door is opened. This is just .
ADVERTISEMENT OFFICES one example of possible uses for the
Kings Reach Tower Door Alarm described this month. &
Stamford Street,

London SE1 9LS

Our September issue will be published on Friday, August 21. See page 543 for details

T
e
-
.

Readers' Enquiries

We cannot undertake to answer readers’ letters requesting modifica tions,
designs or information on commercial equipment or subjects not published
by us. All letters requiring a personal reply should be accompanied by a
stamped self-addressed envelope.

We cannot undertake to engage in discussions on the telephone.

Component Supplies

Readers should note that we do not supply electronic components for
building the projects featured in EVERYDAY ELECTRONICS, but these
requirements can be met by our advertisers.

All reasonable precautions are taken to ensure that the advice and data given fo

readers are reliable. We cannot however guarantee it, and we cannot accept legal respon-
sibility for it. Prices quoted are those current as we go to press.
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Sandalass

BY F.G.RAYER

e e L
%1%3«3« ol

HE unit described in this article

was designed to be an electromic
replacement for the conventional
sand-in-glass type of egg timer, but
it could also find other applications
for short duration timing in and
around the home.

Rising illuminations in a column of
six light emitting diodes shows times
in half-minute intervals from 2
minutes (for lightly boiled small
eggs) to 4, or 5 minutes for hard
boiled eggs.

The way in which time is passing
is indicated by the position of an
illuminated l.e.d. stepping along the
column. This is different from many
other egg timer projects in that the
display indicates the position reached
in the timing cycle.

CIRCUIT DESCRIPTION

The circuit diagram is shown in
Fig. 1. Pulses are generated by TRI,
a unijunction transistor. Cl1 charges
up via Rl and VR1 and when a cer-
tain threshold voltage is reached, the
capacitor rapidly discharges into the
emitter of TR1 and through bl into
R3. The result of this is the genera-
tion of a narrow voltage pulse at bl.
As soon as Cl is discharged, it begins
to charge up again to repeat the pro-
cess. The result is a train of pulses.

522

VR1 is a preset which allows the
repetition rate to be adjusted. These
pulses are produced for as long as
the unit is turned on.

ICl is a binary counter where
pulses reaching its input, pin 14 are
counted, and the number received
outputted in binary at pins 12, 9, 8
and 11. IC1 counts up to ten and then

The

m of the L.E.D. Sandglass

returns to zero and repeats; it may be
manually reset by briefly putting S1
in its upper position.

IC2 is a decimal decoder, accepting
a binary input and decoding this to
cause one of its outputs to be logic 0
with the remainder at logic 1. Which
output is ‘“on” is decided by the
binary count at its input, pins 3, 6,
7 and 4.

The four least significant outputs
are not used since they correspond to
time intervals of zero to 1! minutes
assuming the pulses are arriving at
a rate of one every half-minute. The
result of the input pulses therefore
is to cause the le.ds D1 to D6 to
successively turn on every half
minute from two minutes after
initialisation.

Each le.d. remains lit for half a
minute and extinguishes when the
next one lights up. Time passing is
thus shown at half minute intervals
against a scale on the case.

A further green le.d., D7, lights
when the unit is switched on and
thus functions as a power-on indica-
tor.

Control is by S1, a three-position
slide switch. Both sections are shown
off in Fig. 1. At S1b, both centre and
on positions close the battery circuit.
Sla omly closes the reset circuit
(grounds pins 2 and 3) of IC1 in the
fully up position. In use, the switch
is moved from ofFF to RESET and back
to oN to start timing. This ensures
that IC1 is always started in the state
corresponding to the “0” output of
IC2, to allow correct indication by the
le.d.s.

The le.d. connected to IC2 comes
on after 4!, minutes, and remains on
for a half minute. It thus extinguishes
at 5 minutes. If it is preferred for
this l.e.d. to remain on, a diode may
be connected, anode to positive of CI,

i

complete circuit diagra
T T

i 7
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COMPONENTS

Resistors
R1 470kQ See
R2 4704
R3 1206}
R4 2200
RS 4704 a
All T watt carbon &+ 5% page 535

Capacitors
C1 47uF 6V elect. radial leads
preferred
C2 10nF ceramic or plastic

Semiconductors

TR1 TIS43 n-channel unijunction
transistor (E6667 and UT46
also suitable)

IC1 7490 TTL binary counter

[C2 7441 TTL decimal decoder

D1-D6 TIL209 0-156in. red l.e.d.

(6 off)
D7 TIL221 0-2in. green l.e.d.

Miscellaneous

VR1 220kQ horizontal
preset

B1 4-BV type 1289

S1 2-pole 3-position slide
switch

Stripboard: 0-1 inch matrix size

21 strips by 19 holes; i.c. sockets:

14-pin d.il, 16-pin d.i.l; short

length of brass strip for making

battery connectors; plastic case,

size 100 x 75 x 45mm (approx.)

skeleton

"

cathode to IC2, pin 2. Then when the
4, minute le.d. lights, C1 will no
longer charge, and pulses will cease.

BOARD ASSEMBLY

The board used in the prototype
was 0-1 inch matrix stripboard size
21 strips by 19 holes. The layout of
the components on the board topside
are shown in Fig. 2, together with
the breaks to be made on the under-
side. Check that each point really is
completely cut, and that fragments
of foil do not touch adjacent strips.

If necessary, check polarity of the
le.ds in advance, with a 5V or
similar supply and 470 ochm resistor.
Set them in line at the same height
on the board. The cathode is usually
marked by means of a notch on the
body alongside this terminal,

A hole centrally under VR1 allows
this to be adjusted by means of a
small screwdriver.

Several different types of unijunc-
tion were found to work satisfac-
torily. If base 1 pulses do not step-on
the counter slightly increasing the
value of R3 can be expected to cor-
rect this.

External connections consist only of
those to battery and switch. S1b is for
the negative line, and Sla must com-
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Fig. 2. The layout of the components on the topside of the stripboard and under-
side view showing breaks and connections to be made.

plete the reset line
IC1 only after S1b
is closed, or the
count may start
with other outputs
to give an errone-
ous timing interval.

One way to set
VRI1 is to clip a volt-
meter across RS,
and adjust for
pulses at 30 second
intervals, After
switching on, a
meter test should
show pins 15, 8 and
9 on IC2 going low
at half-minute inter-
vals, followed by the
le.ds stepping on

CASE

A plastic box approximately 100 x
75 x 45mm will take the board and
battery. The le.ds emerge through
holes drilled in the case top. Exact
drilling can be easily arranged by
marking through a spare piece of
0-1in board. A scale marked for 2,
215, 3, 33, 4 and 4!; minutes should
be made to fit alongside the
appropriate l.e.d.s. Letraset was used

Finished prototype with circuil
- board removed from case, ;

on the prototype and protected by a
spray of varnish.

Logic ic.s in the 7400 series, as
used here, normally operate from 5V.
This may of course be used. A 4:5V
supply was found satisfactory, but 6V
must not be employed, unless a
series diode (IN4001, IN4148 for
example) is put in the positive battery
lead to drop 0-6 volts making the
supply 5:4 volts. This is acceptable
by 7400 series logic i.c.s. =
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gE Use of Morse code is one of

many Scout activities and a know-
ledge of the code is also necessary to
obtain an Amateur Class A licence.
This unit is suitable for practise alone,
with a companion or with a group. It
is designed for mains runming but a
battery supply is a practical alterna-
tive.

UNIJUNCTION

Referring to the circuit in Fig. 1,
TR1 is a unijunction transistor con-
nected as a relaxation oscillator. Fre-
quency is determined by ClI, Rl and
VR1 and the output appears at base
1 of the transistor, The frequency may
be varied by changing the time con-
stant of the RC combination (Cl, Rl
and VR1), and this is achieved by
varying the value of VRI.
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The output of this oscillator is
taken from base 1 of TR1 and fed
via C2 to the volume control VR2.
This varies the input to IC1, an audio
power amplifier. Little need be said
about this stage as all signal process-
ing is carried out inside the chip.

The audio output appears at pin 8
and is fed via C5 directly to the loud-
speaker. Although any impedance up

@
by F. G. Rayer

to 50 ohms is specified greatest
volume is obtained with the lower
impedance types—say eight or even
four ohms. .

POWER

For battery running a 12 volt
supply is suitable. Positive is taken to
point A on Fig. 1 and negative to
point B. An on-off switch could be
included in the positive battery lead.

Where mains running is envisaged,
T1, D1, D2 and C6 will be included.
Double-pole switching is provided by
S1. This is the oN/oFF switch. Mains
power is stepped down to low voltage
by T1 and then rectified by D1 and
D2 and smoothed by C6 to provide
a d.c. voltage rail.

Everyday Electronics, August 1981




the

Note
pillars.

that the board is
bolted

d internal

2. Circuit board
See inset below

ft.)

layout an
interwiring.
earthed to the case
via the tag

under one of
mounting

Fi
la
(

le

R e s e e
§é§§§

e
s

— === SOLDER TAG

S e N e R

COUNTERSUNK
HEAD

30

S
3
c ool CAS 1|
000 5 +
Y

25
RN

TP TTTITTTTor T T
IR ISR R

h
o

12345678910 12 W 16 18 2

g - o] ] [ L] O
0000000000 ﬂﬂ_OOOOD LC“CC._ -N—D

=

e O

: ; o Jololo
Aa«?EFGH&MNoPGR XQLOZT“Xx I mTOLWALAT

3 \
: et ; »aszxﬁs%z%%a
e s e
e e

o Vol RRA 2P @rmm B OT Y



CIRCUIT BOARD

The majority of componenis are
mounted on a piece of 0-1 inch matrix
stripboard, size 18 strips by 30 holes
according to the layout in Fig. 2. The
breaks are made in the copper strips
with either a spot face cutter or a
small twist drill. Check that the
breaks are clear of fragments and
that there are no short circuits
between adjacent strips,

The power amplifier chip, IC1, may
be soldered directly into place
although a 14-pin d.i.l. socket would
be preferred. Flexible leads should be
attached for the off-board connections.

The board is mounted inside the
case with 6BA nuts, bolts and
spacers, One bolt is used as an anchor
point for the solder tag that provides
an earthing connection between board
and case.

The other fixing bolt should not
provide a short circuit between any
copper strips and the case, This can
be arranged by breaking the strips
round the bolt position and placing an
insulating washer between the spacer
and the underside of the board.

CASE

The unit is built into an aluminium
sloping front case, 200X 150X 150mm
in size, and Fig. 2 shows the layout
and all connections inside. The trans-
former, T1 is bolted directly to the
case. ;

A three-way tag strip anchors the
live, neutral and earth conductors of
the main cable, and a three-pin plug
with a 1A fuse should be used. Don’t
forget that any hole in the case
through which cables pass, must be
fitted with a rubber grommet.
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Before commencing assembly, the
front panel of the case should be
drilled to take the socket, loud-
speaker and two variable resistors.

A large cutout is needed for LS1
and this is best achieved using a
chassis punch although drilling a ring
of small holes to make a cutout and
then filing the edges to a smooth
finish may work,

Note that the jack socket, SK1,
should be an all-plastic type so that
neither of its contacts are short-
circuited to the case when mounted in
position.

Other boxes or cases may be used,
either of metal (in which case the
case must be earthed), or insulating
material. A case could easily be con-
structed of thin wood.

Setting up is very simple. After
checking all aspects of comstruction
thoroughly, plug in a Morse key, turn
the unit on and listen. With the key
held down, adjust the potentiometers
for the required frequency (VR1) and
volume (VR2).

MORSE CODE

Morse code consists of long and
short sounds obtained by pressing the
key and is written as dashes and dots,
with a dash the length of three dots.

However, when learning the code,
it should be thought of as a series
of “dits” and “dahs” rather than dots
and dashes. This is because a sense of
rhythm is necessary for sending and
receiving Morse and this cannot be
achieved if the code is thought of as
a series of dots and dashes.

COMPONENTS

Resistors See
R1 47k
R2 1.2k
R3 1:2kQ a
All W carbon £5%
page 535
Potentiometers

VR1 500kL lin. carbon
VR2/S1 5k log, carbon with
d.p.d.t. mains switch

Capacitors
C1 10nF C280 polyester
C2 3-3nF polystyrene
c3 390{_}3!-7 eoi styrene
C4 1uF 25V elect,

C5 470uF 25V elect.

C6 680uF 40V elect.

Semiconductors
TR1 2N2646 unijunction with
n-type base
IC1  LM380 N-14 audio amplifier

lies
D1, 2 1N4001 1A, 50V rectifier
diodes (2 off)

Miscellaneous

T1  mains primary/12-0-12V,
100m A secondary

LS1 loudspeaker, 8 to 50 ehms
impedance

SK1 fully-insulated mono jack

Aluminium sloping front case,

200 x 150 x 150mm, H. L. Smith

or similar; stripboard, 0:1 inch

matrix, 18 strips x 30 holes;

knobs (2 off); B3-core mains

cable; interconnecting wire; 6BA

nuts, bolts and spacers to mount

board; solder tag.

Interior view of the completed unit. The circuit board is mounted on the base of
the case to the left and the transformer to the right. Front panel components can
be seen above these. The panel in fact, slopes backwards.
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Top view of the completed circuit board.

Without this rhythm, character
recognition when receiving becomes
very difficult and your sending style
may well become stilted.

The alphabet and numbers are given
in Table 1 and can be memorised a
few at a time. Always practise by
making the sounds with an oscillator,
such asthe unit described here, rather
than trying to write down dots and
dashes. It is convenient if two or more
persons learn together or you could
try to emlist the aid of someone who
already knows the code.

A useful solo reading exercise
would be to listen to the slow Morse
transmissions which are available, or
by making tape recordings from the
unit.

LETTER SQUARE

If you are going to make these
recordings, it is necessary to adopt
random letters, or the memory will
fill in too much material. For this
purpose, squares such as the one
on the right can be constructed and
can be read vertically, left to right,
right to left and diagonally.

Note that you have to hang the odd
letter underneath the square because,
of course, there are 26 letters in the
alphabet and these won’t form a per-
fect square.

When recording, place the micro-
phone near the loudspeaker and set
the input level so that the recorder is
not overloaded. After recording for
ten minutes or so, play back to

Table 1

INTERNATIONAL MORSE CODE

di-dah
dah-di-di-dit
dah-di-dah-dit
dah-di-dit

dit
di-di-dah-dit
dah-dah-dit
di-di-di-dit
di-dit
di-dah-dah-dah
dah-di-dah
di-dah-di-dit
dah-dah

di-dah-dah-dah-dah
di-di-dah-dah-dah
di-di-di-dah-dah
di-di-di-di-dah
di-di-di-di-dit

Note

ErxXe—I@TmmogOmE>

(& I - N o e

dah-dit
dah-dah-dah
di-dah-dah-dit
dah-dah-di-dah
di-dah-dit
di-di-dit

dah

di-di-dah
di-di-di-dah
di-dah-dah
dah-di-di-dah
dah-di-dah-dah
dah-dah-di-dit

dah-di-di-di-dit
dah-dah-di-di-dit
dah-dah-dah-di-dit
dah-dah-dah-dah-dit
dah-dah-dah-dah-dah

DEMAR N <CABDO WO =

One "dah" should be equal to three "dits" in length

The space between parts of the same letter should be one "dit" in length
The space between characters in a word should be three "'dits" in length
The space between words should be two “"dahs" in length.
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A typical letter square

=
K
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develop your reading skills. It is best
to form each letter quickly (though
correctly of course) and leave longer
spaces between letters. The actual
sound will then be more nearly the
same as that obtained when working
at higher speed.

MORE PRACTICE

It is also easy to make 6 by 6 letter
squares, putting in those letters which
present the most difficulty twice, or
including numbers.

When the code is thoroughly known
by this means, it is best to move on
to some other means of practising
Morse reading, such as listening to
the R.S.G.B. Slow Morse transmis-
sions, or joining a reputable amateur
radio club.

Sending is generally much easier
than reading, and can be practised
alone. Have a comfortable desk or
table, so that the arm can rest on it,
with finders curved over the key.

Practising for short periods several
days a week is much better than long
periods at wide intervals. It will be
found that fluency and speed slowly
increase. Once again an amateur radio
club will help. pu
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By C. J. Bowes

THE gambling device known as the
Wheel of Fortune has been in
existence for many years, and is a
popular attraction at many garden
fétes and fairs, often in its original
form of a wheel fitted with a pointer
which is spun and then allowed to
come to rest opposite a number of
positions around the perimeter, thus
indicating the winner.

The mechanical device suffers from
the main drawback of being some-
what difficult to read since it often
comes to rest between two numbers.
Attempts to overcome this electronic-
- ally have usually suffered from the
problem of the devices being some-
what predictable, since they use time
delays of various forms which tend
to have a fairly constant delay period.

The design described in this article
overcomes the former problem by
using lights for a display, so arranged
that only one can be on at a given
time. A random number generator is
used to determine the outcome of the
display long before it stops, This
makes the game completely unpre-
dictable. :

MAINS OR BATTERY

The machine has been designed for
use either from an internal mains
powered supply when available, or,
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from 12 volt batteries for use when
remote from a mains socket. The d.c.
current consumption of the device is
approximately 250mA with the speci-
fied lamps, thus making its operation
from lantern batteries feasible, al-
though a car battery can also be used.

CIRCUIT DESCRIPTION

The complete circuit is shown in
Fig. 1. and for ease of description
can be split into the following sec-
tions: (1) power supply (2) random
number generator (3) display de-
coder driver circuit,

The power supply is a conventional
12 volt d.c. power supply except for
the inclusion of the external d.c.
socket SK1 and the position of the
smoothing capacitor, CT.

The mains connection is made to a
chassis mounted plug so that the
mains lead may be removed when
the unit is in operation from a
battery supply. Mains voltage is
first transformed down to 9V a.c. by
the mains step-down transformer T1
and is then rectified by the rectifier
bridge D14 and smoothed by C7 to
give 12V d.c. S2 is a double-pole
switch arranged so as to act as an
on/off switch in either battery driven
or mains driven modes,

i e

SK1 is a two-pole switched (norm-
ally closed) jack socket which acts as
a battery input socket and at the
same time disconnects the output of
the rectifier bridge from the rest of
the circuit when an external battery is
plugged in. Capacitor CT7 is placed
after this socket in order to provide
decoupling for the logic circuitry in
the battery power option.

RANDOM NUMBER
GENERATOR

The random number generator con-
sists of a source of high speed pulses
fed into a counter and read by a
latch which is operated by the stTarT
switch, S1. When this is released the
binary number at its input is latched
in and determines the number at
which the display will eventually stop.

The counter is deliberately fed with
high speed pulses in order to ensure
that the number generated is random,
with no chance of it being predeter-
mined by the operator.

ICla is half of a 556 timer (operat-
ing as a 535 timer) and is connected
in the astable mode to provide pulses
at a rate determined by R1, R2 and
Cl. The values given produce a
square wave output at a frequency
of approximately 1kHz. These pulses
are fed into IC2a, which is half of
a 4520 dual binary counter. This
counts through the binary numbers
for 0 to 15 before returning to 0
again and repeating the process.

The output from the counter is fed
to the data inputs of IC3, a quadruple
latch in a rather unuswal manner.
The reason for this is purely to make
the manufacture of the printed circuit
board easier. This is possible since the
object of the circuit is purely to
generate a random number and
hence an accurate output correspond-
ing to the number generated in the
counter is not necessary. In fact this
process, and similar connections made
later in the circuit for the same rea-
sons, increases the randomness of the
result.

There are two ocontrol inputs on
IC3, E; and E,, and these are con-
nected so that a falling edge applied
to pin 6 causes the data at the inputs
to be latched in to appear at the out-
puts.

As shown, pin 6 is held low by the
action of Sla, a normally closed sec-
tion of the start switch. In this con-
dition the last data present on the
data input lines (pins 4, 7, 13 and 14)
are held in the latch. When the
switch is pressed, the voltage on pin
6 is pulled up to logic 1 by the pull
up resistor R3. In this condition the
changing data input to the latch
appears on the output pins of the de-
vice.

When S1 is released Sla closes
again and the voltage on pin 6 is
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returned to logic 0 producing a fall- MAGNITUDE COMPARATOR

ing edge. The data presented to the This latched information reaches
latch by the counter at this instant one set of inputs on IC4, a 4-bit mag-
is then held in the latch to determine nitude comparator i.c. The other set
the stopping position of the display. of inputs to IC4 are derived from a

Everyday Electronics, August 1981

second pulse source and counter,
IC1b and IC2b respectively, The out-
put from IC2b is also decoded by IC8
to sequentially switch on the ring of
display lamps.

529



A slow running astable circuit is
constructed using the other half of
the 556 timer (IC1b) the speed of
which is set by R4, VR1 and C4. VR]
is included in order to set the speed
at which the display pulses round to
a suitable rate. ;

The output from IC1b reaches one
of the two clock inputs to the counter
1C2b via a two-input Nanp gate ICSa.
The other input to this gate deter-
mines whether or not the pulses
reach the counter. This control signal
is derived from a comparator output
gated with the output from a simple
RC timer circuit. :

IC4 compares the values of two 4-
bit binary numbers and gives outputs
showing whether the number on in-
put A is larger, smaller or equal to
the number on input B. In this appli-
cation the device is wired so that it
gives an output when the two num-
bers are equal, pin 3 provides this.
A logical 0 is produced until the num-
bers are equal where a logical 1 is
outputted. This provides one input
for IC5b.

In both cases the actual bit position
of the numbers inputted to IC4 are
wired in a manner which facilitates
ease of printed circuit board design,
and actually increases the randomness
of the final result.

RC TIMER

The simple timer circuit consists of
a resistor-capacitor arrangement, RS
and C5, which is charged up by the
closing of the normally open contacts
of switch S1b. Whilst the switch is
operated the capacitor is charged up
to +12V. When the switch is released
capacitor C5 begins to discharge
through resistor RS5.

The output of the circuit is fed to
an inverter made up of a two-input
NaND gate (IC5c) with its inputs com-
nected together. This gives a logic 0
output while C5 voltage is above 2V
and provides a sharp edged output,
as opposed to the more gently sloped
output of the time delay circuit, when
the charge level falls below 2V, The
component values shown, give a time
delay of approximately 22 seconds.

Thus at the start, just after S1 has
been released, the input to IC5b from
the timer is at logic 0 with the input
from the comparator being at logic 0
for most of the time, changing to
logic 1 when the two comparator in-
puts are equal. Therefore pulses are
fed to the counter IC2b for at least
22 seconds. The next logic 1 from IC4
pin 3 after the timer times out (pro-
duces a logic 1) inhibits the pulses
from being passed on to the counter.
This stops the display from being
moved on. The display then remains
at the position set by the ‘random
number generator until S1 is again
operated.

530

DISPLAY DECODER/DRIVER

The binary coded number generated
by the display counter (IC2b) is fed
to IC6 which is a 4514, one-of-six-
teen decoder. This decodes the binary
number from the counter and uses the
information to switch one of its six-
teen output lines from logic 0 to logic
1 as appropriate to the information
fed into it.

Each of the output lines are con-
nected to a driver transistor (TR1-
TR16) via a 3-3 kilohm base resistor,
The presence of a logic 1 voltage
(+12V) causes the transistor to turn
on and the associated lamp in the
transistor collector line to be lit.

In this part of the circuit it is im-
portant that the data lines are con-
nected in the correct sequence and
this is facilitated by locating the de-
coding and driving circuitry on a
separate printed circuit board; C6 is
placed on this board to provide ade-
quate decoupling.

The display of the device is a ring
of sixteen filament lamps which are
switched on in sequence in a clock-
wise pattern around the board for a
period of time, The display is merely
cosmetic since the position at which
it will stop has been predetermined.

DISPLAY PANEL

The display comsists of a square
panel containing a circle divided into
sixteen segments, each one of which
contains a filament lamp (in holder)
arranged in a drcle. The lamps are
wired to the display printed circuit
board, which is mounted on the back
of the display panel. This is in turn
connected to the second p.ch. con-
taining the logic circuitry. The con-
trols are mounted on a panel inset
into the side of the case.

The letters and designs of the dis-
play could be painted or applied
directly to the display panel after
this has been suitably treated, but a
better alternative we suggest would
be tio produce the design on paper or
card and glue this to the panel when
the unit is complete. In this way the

View into the back of the completed prototype wheel showing looming of all lamp and
other wiring in the system. You can see the mains inlet panel sited at bottom left.
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LAMP DRIV
WHEE& TRANSISION /

e
T ORTUE
h LAMPHOLDER
)
e
it
k ' .
n |
- ' COMPONENTS
o
|- Resistors
R1 10kQ —
5 R2 1-5kQ oy 3
d R3 10k ~ _— DISPLAY BOARD _— METAL BRAGKET
= R4 10k€2 —REAR FACE. —  _—
E R5 4:7Wf2
a R6-R21 3-3kQ (16 off)  page 535 f )
d All W carbon film 4 5% Fig. 2. Details of wiring for a lampholder. This is repeated for all
v g sixteen lampholders, The wire running from these to the display
n Capacitors board should take the shortest route through the loom.
e 0-1pF ceramic disc

0:01uF ceramic disc

0:01uF ceramic disc

d 1uF 16V tantalum bead
4:-7uF 16V tantalum bead

2:2uF 16V tantalum bead

2200uF 16V elect. radial leads

| Semiconductors

D1-D4 W005 bridge rectifier
1A 50V

TR1-TR16 TIP31A silicon npn (16

off) /
{C1 NES556 dual timer i.c. . LAMP COMMON
IC2 4520 CMOS dual binary | LINE
counter
IC3 4042 CMOS Quad D-type latch
IC4 4585 CMOS 4-bit comparator
IC5 4011 CMOS Quad 2-input
NAND gate
IC6 4514 CMOS 4-t0-16 decoder

Miscellaneous

LP1-LP16 12V 2:2W m.e.s. bulbs
{16 off)

T1  mains primary/9V 0-5A

secondary
SK1 standard jack socket with n.c.
switched contact

SK2 mains chassis maunting

PL1 to sult SK2

S1 d.p.d.t. miniature momentary

' action push switch

S2  d.p.st toggle

FS1 250mA 20mm

FS2 60mA 20mm

Single-sided p.c.b. sizes 135 x

853mm and 105 x 69mm; 20mm panel

mounting fuseholders (2 off); m.e.s.

lampholders and mounting brackets

(16 off each); d.i.l. sockets for j.c.s:

24-pin (1 off), 16-pin (3 off), 14-pin

(2 off); 4B A fixings for lampholders

and p.c.b.s including spacers;

aluminium for control panel; wood, Fig. 3. Arrangement of the lampholders fitted to the display panel. The tinted

sizes to suit. ring represents the loom shape of all wires connecting to the display board.
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Close-up view of the display-board in position. Note that plastic supports have
been used for mounting the board to the panel. This allows easy removal if

necessary.
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Fig. 4. Lower half shows the
master printed circuit pattern
(actual size) to be etched on the
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Fig. 6. Details of the mains inlet panel com-
ponent position and interwiring. If desired
the panel could be enlarged to accommodate
the mains transformer. Check the contact
functions of SK1 before wiring to the rest of
the circuitry.

GROUND

CONTACT

[
t\

1“

{ Fig. 5. The master pattern to be etched on the logic board shown actual size together

® ©® with the component layout on the topside. Special care should be taken to ensure that
the diode bridge is inserted in the correct way round. Check orientation of the i.c.s.

before insertion which incidentally should be carried out at a later stage.

A Everyday Electronics, August 1981

533




The completed mains inlet panel fitted
beneath a cut-out in the side of the cabinet
with the mains plug inserted.

lampholder fixing screws and p.cb.
fixing screws will be concealed.

In the version illustrated on the
front cover, the coloured display was
on card glued to a 90 x 90cm piece
of 6mm thick plywood and the case
was made from 150 x 18mm veneered
chipboard, but these sizes may be
altered to suit individual require-
ments.

PREPARING PANEL

Find the centre of the board by
joining the opposite corners of the
square to each other and taking the
centre as the point where the two
diagonal lines cross. Using this point
as a centre, draw a circle of radius
to suit lamp positions from centre.
The circle marks the points where the
holes for the lamps will be drilled
and needs to be divided into sixteen
equally spaced points.

To do this place a protractor
centred on the intersection of the two
diagonal lines to mark off angles of
22-5, 45 and 67-5 degrees in each of

the quadrants. Extend each of these
angles from the centre until the lines
intersect the circle. The lamp holes
can then be drilled through using a
10mm diameter drill bit.

The lampholder brackets require a
3-5mm diameter hole (to take a 4BA
screw) to be drilled through the dis-
play board. To mark the position of
this hole make up a lampholder, bulb
and bracket assembly. Place the bulb
through each of the lamp holes in
turn and mark the position of the
hole in the bracket where this coin-
cides with the radius to the position
of the hole for the lamp. The holes
required to mount the p.c.b.s can also
be marked and drilled at the same
time.

Next fit all the lampholders and
brackets in place and also the p.cb.
fixing screws. ]

The board can then be painted with
a primer, and when dry rubbed down
and painted with gloss colours, letters,
numbers and designs that you want
to appear if these are to be applied
directly.

WIRING LAMPHOLDERS

The lampholders should each be
wired up as shown in Fig. 2, It can
be seen that a common (+12V) wire
joins up one tag on each holder. The
second tag is to be connected to the
appropriate position on the display
driver circuit board. All wires are
tied to form a circular loom as seen
in the photograph and Fig. 3. Differ-
ent colour wire is recommended for
ease of construction and tracing.
Alternatively labels can be attached
to each free end during wiring up.

CIRCUIT BOARDS

The electronic construction is
reasonably straightforward, with most
of the components mounted on two
p.cb.s. The foil patterns for the two
p.cbh.s are shown as Figs. 4 and 5
together with the component layout
on each topside,

These are single-sided boards and
can be produced fairly easily. Because
of the close packing of some of the

The completed prototype logic board.
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tracks it is best to use either a photo-
graphic process or etch resistant
transfers and track tape in preference
to hand drawing the design with an
etch resistant pen.

Because of the use of cMos devices
all the i.c.s except for ICl should be
mounted using sockets. The use of a
socket for IC1 is also recommended.

With the exception of the i.c.s the
components can be mounted in any
convenient order, but the boards
should be fully completed, checked
for solder bridges and later connected
to the rest of the circuitry before the
i.cs are inserted.

WIRING UP

Lay the two p.cb.s in situ on the
panel and interwire and connect to
the ring of lamps according to the
information in Figs. 3, 4 and 5. Form
a tied loom for interboard conmec-
tions for neater appearance as seen
in the photograph. Connect the re-
mainder of the wires to the boards
that are to run to the mains input
panel. The boards may now be
fastened in position.

The next stage of constructiom in-
volves the mains inlet panel. Details
of this are seen in Fig. 6. This is a
piece of aluminium with fixing holes
at each corner to allow it to be
screwed to the inside face of the case
side over a rectangular cut-out. The
panel is thus recessed and this
affords some protection to the com-
ponents here.

Prepare the panel, fix the compo-
nents and wire up according to Fig.
6. The mains transformer should be
sited close by. and in the prototype
was screwed directly to the case side
as seen in the photograph. With this
complete and checked it may now be
wired up to the rest of the circuitry.

OPERATION

Upon switching on the unit the dis-
play should start to pulse round until
it reads the number in the random
number latch (often 0 lighting posi-
tion 1, LP1). When the START switch
is pressed the display will pulse round
at a speed determined by the setting
of VR1 for about 22 seconds and
will eventually stop at a number, re-
maining there until the sTART button
is again pressed.

After the device has been tested
and VR1 set for the required pulse
rate, the panel should be enclosed in
a suitable case to prevent damage to
the circuitry and to avoid the possi-
bility of stray fingers being poked
into the mains driven power supply.
A square framework with back panel
should be made so that the display
panel is recessed. Finally glue the
display card artwork in place, suit-
ably varnished for protection, to com-
plete the unit.
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By Dave Barrington

Special Offer

Reading the May/June Newsletter put
out by J. Bull (Electrical) Ltd., | was

reminded that just about one year has

elapsed since Mr. Jessie Bull moved his
long established business from West
Croydon on the southern edge of the
London conurbation out to Haywards
Heath in the Sussex countryside,

These Newsletters always provide a
""good read", being packed with intriguing
electrical items generally of a manufac-
turers' surplus nature. As likely as not
there will be listed the kind of electrical
equipment required to provide the motive
power or muscle for some electronic
project featured in EE.

In this latest newsletter the "opening
offer’" is really something extra-special,
and not likely to be repeated. Mr. Jessie
Bull informs his readers that he Iis
approaching retirement, and after more
than 30 years in the controlling director's
chair now wishes to hand over to a
younger man. An opportunity that will
surely be seized upon by some enter-
prising fellow, with the requisite capital
of coursel

These bF-month:r news-sheets are
available free to readers (mention EE).

Project Kits

A plece of news which may be of interest
to advertisers and shops is the announce-
ment from the Hobby Products Division of
OK Machine & Tool (UK) Ltd,, that they
are looking for distributors of their range
of Electronic Kits.

The kits usually retail for between £5-99
to £8-60 and include such projects as dice,
roulette and reaction tester. For further
information write to OK Machine & Tool
(UK) Lid.,, Dept EE, Dutton Lane, East-
leigh, Hants, SO5 4A A,

Another good selection for construc-
tionalfeducational kits is the excellent
Ki_;\ge of Chip Shop Kits from Electroni-

it.

There are twenty kits all told and cover
such subjects as a light sensitive switch,
transistor tester, lie detector and transis-
tor radio. All projects are transistor based,
include loudspeaker, were required, and
come with an attractive plastics case for
the finished model.
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The kits seem excellent value for money
and range from £3 to £5. For details of
nearest stockists contact Electroni-Kit

Ltd., at Dept EE, Rectory Court,
Chalvington, Sussex, BN27 3TD.
TEST PROBE

A multiple tester with l.e.d. and neon
indication for checking a.c./d.c. voltages
from 4-5V to 415V is one of the many
ranges of new Probe Checkers from
Steinel K.G.

The Hobby Check will indicate a.c.
voltages in three steps, 110V, 240V and
415V, viathree neons inset in the indicating
handle probe. The direct current polarity
indication is by two l.e.d.s, only one
illuminating to indicate the polarity at the
handle tip. Alternating current is present
when both l.e.d.s appear to be on.

Information on the complete range of
Probe Checkers can be obtained from
Steinel K.G., Dept EE, Unit 9, Armoury
Road, Trading Estate, Small Heath,
Birmingham B11,

Hobby Check
from Steinel K.G.

Best Seller

It must be very gratifying to component
suppliers when orders for their catalogues
pour in. But should stocks become ex-
hausted before a new batch can be ob-
tained from the printer, delight must
change to chagrin if it becomes neces-
sary to return money to would-be pur-
chasers. This is the predicament Mar-
shalls found themselves in recently, How-
ever, June Marshall informs us that a
new supply of catalogues is now in their
hands and she would like us to pass on
her company's apologies to any tempor-
arily disappointed customers.

Closing the Door

Things happen suddenly in business.
We were just examining a new summer
edition of the Doram catalogue when the
news reached us that the Dutch owners
of Doram Electronics have decided to
close down this UK based firm. It is a sad
end to a business originally set up by
Electrocomponents, the parent company
of RS Components Ltd., to cater for the
hobbyist,

Manager Mike Hutchinson tells us that
enquiries about outstanding orders should
be addressed directly to Doram Elec-
tronics Ltd., De Boer Elektronika, Kleine
Berg 41, Eindhoven, Holland, 5611 JS,

Simple pH Meter

Problems may be encountered when
trying to locate a supplier for the NE536
i.c. in the pH Meter although it is available
through any stockist of Mullard products.
Pin for pin equivalents are the CA3140T
or the LF356T although these have not
been tried in the prototype.

Perhaps of more importance is the
probe, Readers who are associated with
Educational establishments should be
able to obtain a suitable item from the
equipment suppliers Griffin and George.
However this is a strictly trade-only
company and do not supply direct to the
public.

Other sources of supply are Hogg
Laboratory Supplies, Sloane St Bir-
mingham, B1 3BW, who have a suitable
probe priced £21 including postage and
packing. This company hopes to have
some cheaper probes in stock in the near
future.

There is also Castle Laboratories, 7
Guest Rd, Barnsley, S. Yorks, S756 2SR,
who can supply probes that have passed
their recommended shelf life for £6-75.
They also have a "no-quibble'" replace-
ment guarantee.

Metronome

Few difficulties should be encountered
when ordering components for the CMOS
Metronome. Virtually any loudspeaker of
suitable size can be used so long as its
impedance is not less than about 35 ohms.
The case used in the prototype was a
Bimbox type 2005/15 made by Boss Indus-
trial Moulding Ltd and available from most
component suppliers, although virtua[lr
any small plastics box will do just as well.

Door Alarm

Two items may cause a few problems
with the Door Alarm. The key switch is
one although a suitable item is available
from Maplin, order number FH40T. The
other item is the bleeper. In fact any solid-
state 6V warnin evice will do here
although many of these devices are not
particularly loud and perhaps would not
be much good as an alarm. Marshalls
sell a 6V buzzer which they claim has a
“very loud note'" although in our proto-
type we fitted a buzzer from Tandy, type
number 273 049.

L.E.D: Sandglass

It is expected that the three-position
slide switeh in the L.E.D. Sandglass will be
difficult to locate. Constructors may ob-
tain this from T. Powell. See their adver-
tisement for full address. The remainder
of the components should be readily
available.

Wheel of Fortune

No buying problems are envisaged for
the Wheel of Fortune. The mains trans-
former fitted in the prototype had a
secondary rating of 500m A but any rating
down to 250m A will be suitable. Resistors,
capacitors, bridge rectifier and transistors
should be in strict accordance with the
partbs list otherwise they may not fit the
p.c.b.s.

Morse Practise Oscillator

Any one of a number of morse keys
can be used in the Morse Practise Oscil-
lator and several advertisers such as
Home Radio, Watford, and Maplin carry *
stocks.
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SEMICONDUCTORS
EXPLAINED

BY J.B.DANCE

PART THREE

DISCRETE

Tms MONTH we will discuss other
devices containing pn junctions
together with heat and voltage sensi-
tive devices.

THE UNIJUNCTION DEVICE

The unijunction transistor (some-
times known as the double base
diode) has the structure shown in
Fig. 3.1. A bar of lightly doped n-type
silicon has base connections at each
end and part of the way along this
bar, nearer to base 2 than to base 1,
a pellet of p-type silicon is used to
form a rectifying contact. This elec-
trode is known as the emitter and
forms the single junction from which
the device derives its name,

The circuit symbol for a unijunc
tion device is shown in Fig. 3.2. It is
also possible to obtain unijuction de-
vices with the opposite polarity to
that shown in Fig. 3.1 (although they
are not so common), In this case the
silicon bar is of p-type material and
the emitter pellet of n-type. The sym-
bol for the complementary devices
has the arrow pointing in the opposite
direction to that shown in Fig. 3.2.
This discussion relates to devices
with the Fig. 3.1 polarity.

The action of the unijunction tran-
sistor is illustrated in Fig. 3.3. The
bar of silicon is equivalent to the re-
sistors R2 and Rl in series so that
when a voltage of Vg is applied be-
tween the two bases, the potential at
point A becomes equal to RI/(RI+
R2) times Vgp. The factor R1/(R1+
R2) is known as the intrinsic stand-
off ratio 1.

When the potential applied to the
emitter is less than nXVgg no con-
duction occurs in the emitter circuit,
since the junction is reverse biased.
As the emitter potential increases
above this wvalue, however, conduc-
tion occurs and the device is rapidly
switched on.

When the junction conducts, holes
are injected from the emitter into the
silicon bar and move towards base 1.
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Electrons are injected from base 1 to
maintain neutrality, There are now
plenty of charge carriers in this
region and the resistance falls very
rapidly between base 1 and the
emitter. This causes a large drop in
the effective resistance R1 of Fig. 3.3
and hence a fall in the potential at
point A. This in turn gives rise to
more emitter current and switching
by this positive feedback effect.

PRACTICAL OSCILLATOR

Unijunction transistors enable the
very simple type of relaxation oscil-
lator shown in Fig. 3.4 to be con-
structed. This is the basis of most
unijunction oscillator and timer cir-
cuits.

The capacitor CI charges through
R1 until the emitter potential is ade-
quate to cause the unijunction device
to be switched to conduction CI then
discharges through the emitter circuit
and R3 until conduction ceases.

The frequency of oscillation is de-
termined mainly by the product of CI
and R! and can be up to about
100kHz. Positive going output pulses
can be obtained from across R3 which
are suitable for firing a thyristor
device.

If the value of RI is too low, it
will pass enough current to keep the
circuit conducting so that it will not
switch back to the off state. Simi-
larly, the value of RI must not be too
high or the unijunction will not be
switched to conduction.

WIPER CONTROL

A practical application for a uni-
junction oscillator circuit shown in
Fig. 3.5 is for a delayed, single sweep
car windscreen wiper control. The
oN/oFF switch S1'ganged with the
potentiometer enables firing pulses
to be fed to (D2) a C122D thyristor
at intervals between about 1 second
(determined by R1) and 1 minute
(determined by the setting of VR1).

This closes the relay and the relay
contacts are used to cause the wiper
motor to operate. The self-parking
switch then closes, the C122D conduc-
tion ceases and the wipers park at
the end of their single sweep.

The exact connections depend on
the type of wiper motor, but VR1
can be adjusted to suit all weather
conditions and to automatically keep
the windscreen clear without the
wiper blades scraping on a nearly dry
windscreen.
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THE THYRISTOR

The thyristor or silicon controlled
rectifier (s.cr.) is a pnpn device as
shown in Fig, 3.6. When a firing pulse
is fed to the gate circuit, this initiates
conduction from the anode to
cathode. Conduction in the main
anode-to-cathode circuit continues
until the anode-to-cathode current
falls below a certain minimum value
(known as the holding current) re-
quired to maintain conduction.

The thyristor then remains nom-
conducting until a further firing pulse
is applied to its gate electrode. Thy-
ristors are widely used in series with
a load across an alternating current
mains supply, as shown in Fig. 3.7,
since gate pulses can then be used
to fire the thyristor into conduction
at a desired point in the mains cycle.
Switching to the off state is auto-
matic as the alternating waveform
from the mains passes through its
zero voltage point.

ALTERNATING WAVEFORM

In Fig. 3.8 we see the alternating
mains waveform. If pulses are ap-
plied to the thyristor gate electrode
of Fig. 3.7 each time the positive half
cycles of Fig. 3.8(a) reach their peak,
the current in the load will have the
waveform shown in Fig. 3.8(b). The
current flows in the load only during
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the part of each positive half cycle
after the peak voltage is reached.

If the gate triggering pulses are
now applied somewhat earlier in each
of the positive half cycles, one ob-
tains the load current waveform
shown in Fig. 3.8(c), where conduc-
tion commences before the waveform
has reached its peak value.

Thus the power to the load is
greater in the case of Fig. 3.8(c) than
in the case of Fig. 3.8(b). Thus a
thyristor circuit can be used to com-
trol the amount of power supplied to
an electric motor.

The thyristor chosen for use in the
type of circuit shown in Fig. 3.7 must
have a breakover voltage high enough
to prevent the device from switching
to conduction under the applied

anode-to-cathode voltage when no
gate pulse is being fed to the device.
Thus the breakover voltage of the
selected thyristor should exceed the
peak value of the alternating mains
voltage (2 times the r.m.s. value).

Some types of thyristor can be
turned off by suitable pulses applied
to their gate electrodes. The silicon
controlled switch is similar to the
thyristor except that there are two
gate electrodes, one gate being com-
nected to each of the inmer layers
of the structure shown in Fig. 3.6.

THE TRIAC

The thyristor will conduct only in
the one direction in which the con-
ventional current passes from the
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anode to the cathode. It is obvious
from Figs. 3.8(b) and 3.8(c) that the
use of a thyristor in series with a
load across the ac. mains will greatly
reduce the maximum power in the
load. Even if the current flows for
the maximum time of each full posi-
tive half cycle, the power will be re-
duced to one half of what it would be
without the thyristor,

One solution to this problem is to
employ two separate thyristors, one
of which conducts during each alter-
nate half cycle of the mains supply.
However, it is usually more con-
venient to employ a device known as
a triac, This is very similar in opera-
tion to a thyristor, but can conduct
in either direction, The circuit sym-
bol for a triac is shown in Fig. 3.9.
It is a pnpn device like a thyristor.
Conduction is initiated by means of a
pulse to the gate electrode and the
device then continues to conduct until
the current falls below the holding
current for the particular triac con-
cerned. Fig 3.8(d) shows the wave-
form of the load current in the triac
circuit Fig. 3.9 when the gate pulse
is applied each time the half cycle
of the mains supply voltage reaches
its peak.

Apart from the gate, the electrodes
of the triac are the Main Terminal 1
and the Main Terminal 2 which are
abbreviated mtl and mt2 respec-
tively. Triacs can be turned on by
gate pulses of either polarity.

THE DIAC

A practical circuit designed by
Texas Instruments for controlling the
power developed in a load is shown
in Fig. 3.10. Apart from the triac,
this circuit employs a small pnpn de-
vice known as a diac. The diac auto-
matically switches to conduction
when the voltage across it becomes
greater than a certain value known
as the breakover voltage for the de-
vice concerned. The circuit in Fig.
3.10 is suitable for resistive but not
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for inductive loads, since in the latter
type of load the current and voltage
are out of phase in the load.

The resistor-capacitor network in
the circuit of Fig. 3.10 ensures that
smooth control can be obtained at all
angles of phase delay. However, R2,
R3 and C2 can be omitted and the
left hand side of the diac connected
to the junction of VRI1 and CI1.

THERMISTORS

Thermistors are rods, discs, beads
or a similar block of a semiconductor
material with two leads attached. The
material is made by sintering certain
mixtures of metallic oxides (such as
nickel, cobalt, iron, manganese), so
the material is very different from
previous semiconductors,

The resistance of a thermistor
changes with temperature. The re-
sistance of most thermistors falls
rapidly with increasing temperature,
but positive temperature coefficient
types known as p.t.c. thermistors are
also available whose resistance in-
creases with increasing temperature.

Thermistors can be used in the ex.
ternally heated mode in which they
sense the temperature of their en-

Plastic packaged thyristors and triac. The
device in the centre is a 4A power thyristor
and to the left is a low power triac.

vironment and provide an appropriate
electrical signal. For example, they
can be used in circuits to provide a
warning when the external tempera-
ture falls below freezing point or
some other value.

In other applications they are self-
heated. For example, they may be
connected in series with a tungsten
filament lamp to prevent the initially
high peak current which can cause
lamp failure. When the circuit is
switched on, the thermistor is at
room temperature and has a rela-
tively high resistance. However, the
current flowing through the lamp
and the thermistor warms the latter
and -its resistance falls to a small
value so that the lamp reaches it full
brilliance within a short time.

Thermistors are also used in the
self-heating mode in much more com-
plex equipment to provide a delayed
turn-on of the power. They have the
advantages of being small, simple,
reliable and rugged and are available
with resistances of less than one ohm
up to about one hundred megohm.

The variation of resistance with
temperature may be expressed as the
ratio of the resistance of the thermis-
tor at 0 degrees Celsius to that at 50
degrees Celsius, but for thermistors
intended for use in the self-heating
mode, it is often convenient to specify
the performance as the resistance at
25 degrees Celsius and the resistance
when carrying a certain current at a
specified ambient temperature.

RESISTANCE

The resistance of a thermistor, R,
is an exponential function of tempera-
ture and is given by the equation:

R= AebT

where 4 and b are constants, e is the
natural number 2:718 and T is the
absolute temperature. In practice
this means that the resistance can
change by about 6 per cent for each
degree Celsius change at room tem-
perature, For comparison, one may
mention that the resistance of plati-

Power thyristors. On the left is a stud
mounting type. The one on the right is
mounted like a power transistor
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num changes by only 0-36 per cent
per degree Celsius.

Thus thermistors can be used to
provide large output changes when
the temperature alters. Thermistors
may be used at temperatures from a
few degrees above the absolute zero
up to about 300 degrees.

Positive temperature coefficient
thermistors are used in warning and
trip circuits for detecting excessive
temperature rises in industrial equip-
ment, such as electric motors.

TRANSIENT SUPPRESSORS

Large transient voltages of very
short duration (microseconds) appear
on electrical power lines, on tele-
phone lines, and so on. They arise in
various ways such as atmospheric
electrical discharges and the switch-
ing of inductive loads. Transient
peaks of 1kV can occur on 240V
domestic mains supplies, smaller
transients occurring more frequently
than the larger ones.

The effects of such transients range
from “clicks” in audio equipment to
the faulty operation of computers.
Large transients can damage semi-
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Rod and disc thermistors. A rod type is
shown in the centre and two views of the
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conductor devices because their rat-
ings are exceeded for a very short
time.

Most of the large semiconductor
manufacturers produce transient sup-
pression semiconductor devices. One
type of suppressor is the well-known
Varistor which has a resistance which
falls rapidly with increasing voltage.
Such a device can be soldered across
the line to be protected and will
short-circuit any transient voltage
peaks whilst leaving the mnormal
wanted voltages unaffected.

Another type of widely used device
is a specially designed Zener diode
which will break down in the pres-
ence of an over-voltage and thus
short it out. No matter which type
of device is to be used, it is vital that
it acts very quickly before equipment
can be damaged.

The non-linear current-voltage re-
lationship in a Varistor may be ex-
pressed in the form:

I=KVy?
where I is the current, V is the volt-
age and K and a are constants. In the
case of a metal, a resistor or other
material obeying Ohm’s Law, a=1l,
but in Varistors the higher the value
of a, the better the transient limiting.

Glass bead thermistors, At the top is the
popular RA53 type, and below that is a
miniature and then subminiature type.
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Silicon carbide ‘Metrosil” devices
have values of a of about 4 to 5, some
selenium devices have values of
about a=10, whilst zinc oxide Varis-
tors and Zener diodes have values for
a of at least 30.

ZINC OXIDE

International General Electric of
the USA introduced a range of zine
oxide varistors some years ago and in
1978 introduced their improved
GE-MOV II range, while International
Rectifier produced their “Zenamic”
range and somewhat similar products
are available from Iskra, Matsushita,
Siemens and Thomson-CSF.

As shown in Fig. 3.11, a zinc oxide
Varistor contains small crystals of
this material between two parallel
plates, The high resistance at the sur-
faces of the grain boundaries results
in a voltage drop of some 3V across
each grain, the properties of the de-
vices being due to charge tunnelling
through the grain boundaries.

Fig. 3.12 shows transient voltages
on a line and Fig. 3.13 the same volt-
ages after suppression by a zinc oxide
Varistor, Each type of Varistor will
suppress only those transients which
have a high enough voltage to render
the device resistance relatively low.
It follows that a device designed for
240V a.c. mains suppression will not
provide good suppression on, say,
150V a.c. lines. Siemens offer devices
for use at normal operating ranges of
14V to 1000V r.m.s. or 18V to 1465V
d.c., time for operations, 25ns.

In addition to wvoltage rating, a
zinc oxide Varistor should be chosen
so that it can absorb the transient
peak energy. The volume of a Varis-
tor determines its energy rating and
the current rating is determined by
the area of its disc. International
General Electric offer devices with
energy ratings from 0-13J to 600J
with peak current ratings of 40A and
25kA respectively.

Next month: Optoelectronics
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HE INSTRUMENT to be described was

originally designed for use in
determining the alkalinity of photo-
graphic colour developers and, al-
though somewhat rudimentary, it has
proved more than adequate for this
task. As such, it offers a simple means
of more generalised pH measure-
ments for those readers who are now
taking an active interest in electro-
chemistry.

THE MEASUREMENT OF pH

Before describing the instrument, a
simple explanation of the term “pH"
and how it is defined will clarify the
principles by pH measurement.

As the result of the phenomenon
known as dissociation, all solutions
contain a certain equilibrium ratio of
hydrogen ions (H+) and hydroxyl
ions (OH-). The product of the
hydrogen ion concentration and the
hydroxyl ion concentration is always
the same.

In an acid solution there are more
hydrogen ioms than hydroxyl ions.
The degree of acidity can therefore
be defined in terms of the hydrogen
ion content of the solution.

_ The value of acidity, that is the pH,
is expressed as: >

pH= —log,(H*)
where (H+t) represents the hydrogen
ion ‘concentration in gram-ions per
litre of solution.

540

| gespH Bait(neg

i
é\'
3

As pure water contains 10—' gram-
ions/litre, it can be seen that the pH
of pure water is 7-0. If the pH is less
than 7-0, the solution is acidic, Con-
versely, values greater than 70 indi-
cate an alkaline solution. It should
be noted that the pH of a given solu-
tion can be very dependent upon
temperature.

PROBES

The theory behind the operation
and design of the various types of pH
probe is a science in its own right but
in simple terms it can be regarded as
a voltage cell with the solution under
test acting as the electrolyte. The
voltage output and the polarity will
be dependent upon the hydrogen ion
concentration, that is the acidity of
the solution under test.

Unfortunately, unlike the mnormal
electric cell or battery, the probe is
unable to supply sufficient current to
deflect a conventional moving coil
meter. Any attempt to do so could
cause permanent damage to the probe.

Any pH meter is therefore basically
a high input impedance circuit driving
a moving coil meter. As the minimum
acceptable input impedance is typi-
cally 500 megohms, an f.e.t. input 741
type op-amp will provide a suitable
basis for such an instrument.

Conveniently, the voltage output
from the probe results in a linear pH

scale and it is therefore a relatively
simple matter to modify the meter to
read directly in terms of pH.

GENERAL DESCRIPTION

The instrument is intended for use
with a full range (2 to 14pH) “com-
bination electrode” type of probe. As
such, it has been kept as simple and
inexpensive as possible commensurate
with an adequate reading accuracy.

One simplification is to dispense
with the temperature compensation
normally incorporated in a commer-
cial instrument. As the meter can be
easily calibrated at the envisaged
solution temperatures, this is a minor
inconvenience.

A physical limiting factor on read-
ing accuracy is the scale length of
the meter. As long scale meters are
difficult and expensive to obtain, a
simple changeover switching arrange-
ment is used to effectively double the
scale length of a normal meter. This
uses the inherent characteristics of
the probe whereby the voltage pol-
arity changes at 7-0pH.

The meter thus has two scales, 7 to
12pH and 7 to 2pH. With this ar-
rangement the direct reading accur-
acy is 0-1pH which allows interpola-
tion to within 0-05pH. If readings in
excess of 12:0pH are required, then
there is no reason why an alternative
scale range shouldn’t be adopted.
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As the current drain of the circuit
is only a few milliamps, the instru-
ment is battery powered to obviate
the expense of a mains supply. A
battery check circuit has been incor-
porated.

CIRCUIT OPERATION

The circuit of the simple pH meter
is shown in Fig. 1. The probe is con-
nected via a co-axial socket SK1 and
switch S1 which also acts as the on/
oFF switch. The op-amp ICIl, is con-
nected as a voltage follower, the out-
put being fed to the meter MEI1 via
the potentiometer VR2 and switch
S2. VR2 is the span control which
sets the meter deflection for a given
probe output.

The operation of S2 is such that in
position 1 the meter is connected so
that it reads 7 to 2pH. Position 2 re-
verses the meter polarity so that it
reads 7 to 12pH. Positions 3 and 4
monitor the state of the batteries via
Rl or R2 as appropriate. The bat-
teries can be checked with or without
the instrument being switched on,
thus giving a better indication of
their condition.

Variable resistor VR1 is the zERO
control. At first sight such a control
may appear redundant. However, al-

COMPONENTS

Resistors
R1,2 180k 4W carbon £ 5%
(2 off) See
Potentiometers
VR1 10kS2 carbon I|n
VR2 5k carbon lin, Tal
Semiconductors page 535

IC1 NE536 f.et input op-amp,
T0O-99 metal can

Miscellaneous

ME1 50sA d.c. f.s.d. moving coil
meter

S1  three-pole, three-way
rotary

$2  two-pole, four-way rotary

SK1 Co-ax socket to sult probe

B1, 2 9V, PP6 type (2 off)

Aluminium case, 160 x 100 x

50mm: stripboard, 0:1 inch matrix,

20 holes by 7 strips; battery

connectors (2 off); 8-pin d.i.l. i.c.

socket; knobs (2 off); intercon-

necting wire.

Probe
A suitable probe for this unit is
the B17 DA type from Griffin and
George (Gallenkamp). For read-
ers not able to order from this
company suppliers of other Full
Range Combination Electrode
type probes are listed in Shop
Talk on page 535.

Guidance only

£12-00

excluding probe

Approx. cost
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though in theory the probe output
should be exactly zero at 7-'0pH, in
practice there will be a small voltage
present. This is due to the probe con-
struction and internal geometry.

In this particular application it is a
convenient and perfectly satisfactory
method to use the off-set control of
the op-amp to set the instrument
Zero.

The intermediate switch position
for S1 is quite important as it allows
the op-amp to stabilise while the in-
put is still grounded. It is only neces-
sary to briefly hesitate in this posi-
tion before switching through to the
read position.

The larger sized PP6 batteries are
used for Bl and B2, With the use en-
visaged, they should give a working
life of some 200 hours.

HOUSING

The complete instrument is con-
tained in an aluminium box measur-
ing 150X100X50mm, and the full
layout is shown in Fig. 2. Because
there are so few components in-
volved, there is no need for a circuit
board as such. A small piece of 0-1
inch matrix stripboard is attached to
the meter terminals to provide a con-
venient mounting point for the op-
amp. To avoid possible damage due
to static charges, handling of the op-
amp was kept to a minimum by using
an i.c. socket.

an 1 FuJI c:rcun dlagram of the Slmple pH Meter.

Actual component layout is not
critical. However, it is important to
note that the limiting factor on the
input impedance will depend on the
insulation properties of the compon-
ents, stripboard, and so on, rather
than on the op-amp itself.

Every attention should be taken to
ensure that the items used in the
input circuit are of a high quality in
this respect. The two resistors are
wired directly onto the switches be-
fore final interwiring is completed.

In this context, if the instrument is
likely to be stored in a relatively
damp environment, it is recommended
that the assembled stripboard be
given a protective coating of poly-
urethane varnish.

With the type of meter as used in
the prototype, the scale plate is easily
removed for modification to read
directly in terms of pH.

The battery check mark is also in-
corporated at this stage. The resistors
R1 and R2 have been chosen so that
fresh batteries will give approxi-
mately full scale deflection with a
meter having an internal resistance of
1000 ohms. The value of R1 and R2
can be changed in direct proportion
for meters having a different internal
resistance. The minimum acceptable
voltage is marked at 75 per cent of
f.s.d.

CALIBRATION

To calibrate the instrument it is
necessary to obtain at least two buffer
solutions. These solutions are formu-
lated to provide an accurate and
stable value of pH at a given tempera-
ture.

Every care should be taken in the
preparation of the solution be it
from a tablet or a sachet of powder.
During subsequent use, avoid any con-
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Fig. 2. Diagram above shows circuit
board layout, and full interconnections
can be seen on the left. Note that there
are no obvious connections to the
meter. In fact contact is made between
the meter terminal posts and the under-
side of the stripboard at positions B4
and B17 when the board is fastened in
place on the back of the meter. When
completed the whole of the circuit
board, the switches and potentio-
meters and associated wiring should
be sprayed with a moisture repellant
protective coating, such as polyure-
thane varnish to keep the damp out.

tamination of the solutions. This in-
cludes the indiscriminate carrying
over of water used for rinsing the
probe.

For setting the instrument to zero, a
7:0pH buffer solution is the obvious
choice. When choosing a second
buffer to adjust the sean control,
maximum accuracy will be achieved
by selecting a value close to that of
the anticipated measurement. Ideal as
this may be, there could be difficulty
in obtaining other than a 9:0pH
buffer.

Before any calibration is under-
taken, it is essential to ensure that
the meter is mechanically at zero
when the instrument is switched off
and is in the preferred operating
position, that is vertical or horizontal.

Select the 7 to 12pH range, connect
the probe and place it in the 7:0pH
buffer, Switch the instrument to read
(S1 set to position 1) and use the
ZzERO control to set the meter needle
to the 7 on the scale. As a cross
check, temporarily switch the instru-
ment to the 7 to Zph range. The
needle should not move if the zero
has been set correctly.

Switch the instrument off and re-
move the probe from the buffer. Rinse
it carefully in distilled water and,
having drained off the excess water,
transfer it to the 9-0pH buffer solu-
tion. Turn S1 to position 1 again and
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adjust the sPaN control until the
meter reads the correct value.

In theory, on the assumption that
the probe output is symmetrical about
7-0pH, the instrument is now cali-
brated on both of the ranges.

In practice, however, errors of up
to 0-1pH have been noted when using
the 7 to 2pH range after calibrating
on the 7 to 12pH range. When more
precise measurements are required
the 7 to 2pH range should be cali-
brated separately using a 4-0pH
buffer solution.

OPERATION

Any measurements are now simply
a matter of placing the probe into the
solution to be checked. There are,
however, one or two points to ob-
serve. The switch S1 should never be

Interior view of the
completed prototype.
The two PPB batteries
can be seen ‘secured
in place under an
aluminium strip in the
rear of the case. Com-
pare this photo with
the diagram in Fig. 2.

switched to the read position unless
the probe is connected and immersed
in a solution. Because there is virtually
no warm up drift, there is no advan-
tage in leaving the instrument in the
on position between measurements,
Accordingly, it is best switched off to
avoid draining the batteries.

The pH probe is a fairly delicate
item and normally comes with a
plastic shroud to provide a measure
of protection—even so it should not
be used as a stirrer! To prolong the
life of the probe it is important that
the instructions be observed.

Some readers may experience diffi-
culties if the equipment becomes
damp. In the author’s experience a
few hours in a warm dry place, like
an airing cupboard soon cures the
trouble. hud
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IMODEL TRAIN

Uses a pulse-width-modulation technique
to maintain a smooth, steady ride even at
low speeds. Features include a continuously
variable speed control, automatic starting
and stopping to give realistic performance,
brake and accelerator controls,

A wide compression range of around
30dB s available and can be used
either for instantaneous short term
compression or for automatic level
control in tape recording. It also has
application in suppressing the level
of music whilst speech announce-
ments are superimposed. Provision
for mixing microphone and high level
(music) signals is included.

Everyday Electronics, August 1981

SPEED CONTROLLER

ANTI - THEFT DEVICE

Protection for any number of displayed
goods byasimple loop linking all items.

Strident alarm sounded if this
interfered with.

is

0-12U POWER SUPPLY

A well smoothed and regulated output
adjustable from zero to 12 volts. In-
corporates audio alarm which sounds
when the selected current limit (40,

100 or 400m A) is approached.

SEPTEMBER 1981

ISSUE ON SALE
FRIDAY, AUGUST 21
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PART 4

INTRODUCTION TO

BY J.CROWTHER

THE TRANSISTOR AS A SWITCH

For an npn silicon transistor to conduct its base must be
0:6 volts above the emitter voltage. If the voltage between the
base and the emitter is less than 0-6 volts the transistor will
not conduct. Therefore it can be seen that a transistor can be
switched on and off by two voltage levels, above and below
06 volts. These two voltage levels are referred to as logic 1
for on (a result), and logic 0 for off (no result).

If these two voltage levels were too close together, for example
0-5 and 0-7 volts, there is a chance that, due to tolerance and
temperature changes the transistor would not always switch on
and off, so logic levels are usually not too close together, logic
1 may be 6V and logic 0 below 0-25V with nothing inbetween.

Consider the circuit shown in Fig. 4.1.

+EV
J—I_I—I 025 540k e STE
ov

Fig. 4.1. Using the transistor as a switch,

If 0- 25 volts is applied to the base at A4, the transistor would
not conduct, no current would flow through the 3 kilohm
resistor, so there is no volts drop across it and the output
at B would be 6 volts. This is equivalent to the switch being on
and giving a result—logic 1.

Now suppose 6 volts were applied to the base at A, the
transistor would start to conduct. The voltage between the base

a

and the emitter would now be 0-6 volts riving a voltage drop of
(6—0-6) volts across the 540 kilohm resistor. The base current
Iy would now be equal to:

Iy = 5:4V/540k0Q = 0-0lmA

If the hpg (gain) of the transistor was 200, the collector
current would be [, % hpg = 0-01 x 200 = 2mA. This would
give a voltage drop across the 3 kilohm resistor of 3k 2 x 2mA
= 6 volts and the output would fall to zero, equivalent to a
switch being off and giving no result—logic 0.

Therefore it can be seen that a transistor can be switched on
and off by a squarewave pulse of two voltage levels as shown
in Fig 4 2.

Fig. 4.2. The transistor in Fig, 4.1
will be switched on by 6V level
and off by the 0-25V level.

0-25V

TYPES OF LOGIC

In practice it does not really matter which voltage level is
referred to as logic 1, so long as the transistor switches on and
off, and we know which level the designer has used and we use
the same. For convenience in design two types of logic are
possible:

(1) Positive Logic
Where the positive half of the wave form is referred to as
logic 1, and gives a result, see Figs. 4.3 and 4.5.

(2) Negative Logic
Where the negative half of the wave form is referred to as
logic 1, and gives a result, see Figs. 4.4 and 4.6.
Positive logic is the more common and is used in all E.E.
projects and features.

IC1 |

LOGIC 0 LOGIC

Fig. 4.3. Positive logic. Fig. 4.4. Negative logic,

POSITIVE LOGIC NEGATIVE LOGIC

+6v +6Y

Fig. 4.5. High level lights Fig. 46. Low level lights
lamp to give result. lamp to give result,
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BOOLEAN ALGEBRA

George Boole (1847) invented a system of algebra now called
Boolean algebra with its own special rules, to look into a two
state system, his two states being true and false. This system
was later adapted to deal with the two states of a switch, on
and off.

Consider a relay as a switch (see Fig. 4.7), and let A be the
input to the coil of the relay, and § the output from the main
contacts.

Let A be the supply to the relay (logic 1), if 4 were applied to
the coil the relay would close giving an output at S.

In Boolean this is written as:

A=S5
which means an input at 4 (logic 1) gives an output (logic 1). at
§, and represents a normally open switch or relay.

A line above a letter, for example A, is called “bar 4",
“A bar” or “not 4", and is said to be complement of A.

Therefore 4 means no pulse at 4 or logic 0.

The Boolean equation for the above circuit could also be
written as:

A=5
which means no pulse at A (logic 0) gives no output at S (logic
0), which is also true for the above circuit.

Therefore 4 = § is the same as 4 = § which shows that
in Boolean a “‘bar™ can be added to both sides of an equation
and it still remains true, providing the bar covers all the terms
on each side of the equation.

A A
RELAY RELAY
coiL colL
1 1
1 |
i :
|, NO. RELAY | NC.RELAY
LOGICY _A"a CONTACT LOGICY _i-s CONTACT
INPUT OUTPUT,S INPUT OUTPUT,S

Note
Boolean equations are normally written to give an output,

examples 5305
A=S8and 4 = §.

SWITCHES IN SERIES

Consider the circuit in Fig. 4.9.

To get an output at S, relays A and B must both be energised.

In Boolean this is written as AB = §. A times B in Boolean
means A AND B.

Therefore 4B = § means an input (logic 1) at 4, AND an
input (logic 1) at B will give an output (logic 1) at §, and
represents two normally open switches in series.

Boolean algebra is not limited to two elements.

A 8
RELAY RELAY
COIL ColL
|

; 1

l :

| NO.RELAY 1 NO.RELAY
Loeic 1 o aCONTACT " a CONTACT
INPUT

ouTPUT, 5

Fig. 4.9. Both relays need to be energised to produce a
logic 1 at the output.

example
In a three-element system, ABC = § means to get an output
we must have 4, aAND B, AND C, and it represents the state in
Fig. 4.10._
Also ABC = § means to get an output we must have 4, AND
roT B, AND C, and it represents the circuit shown in Fig. 4.11.

Fig. 4.7. Energising relay
coil causes logic 1 to
appear at the output,

Fig. 4.8. Energising the
relay coil causes logic 1
to be removed from the

output,

example

AB = Sisthesameas AB = §

but, AB = § is not the same as AF = §

Now consider a relay which is normally closed-as in Fig. 4.8.

A supply or logic 1 applied to the coil at 4 will open the
relay, and there will be no output (logic 0) at S.

In Boolean this is written as: 4 = §
which means an input at A (logic 1), gives no output at §
(logic 0).

It is also true for the above circuit, that if no supply were
applied to the coil at 4, the relay would remain closed and there
would be an output at S.

In Boolean this is written as:

A=8
which means no input (logic 0) at A4, will give an output
(logic 1) at S, -3

Therefore in Boolean algebra 4 = S, is the same as 4 = §,
and represents a normally closed relay or switch.

This shows that in Boolean algebra it is permissible to
transfer a “bar” from one side of an equation to the other
providing the “bar” covers all the te 'ms on each side.
example

AB = Sisthesameas AB = I

but, AB = S is not the same as 43 = §.

A a8 c
RELAY RELAY RELAY
COIL COIL COIL
T T T

1
I

I

NO. RELAY NO. RELAY N.O. RELAY

+Ve A, CONTACT A, CONTACT jAcomm
OUTPUT, 5

Fig. 4.10. A logic 1 appears at the output only for as long
as all three relay coils are energised.

A B8 G
| ]
RELAY rnmv RELAY
coiL colL coiL

AR MR L AR
LOGIC 1
INPUT — —A ~a m—

Fig. 4.11. A logic 1 resuits at output when first and last
relays only are energised.

Answers to Exercises in Part 3
3.1. (a) 00000011 (H) 11111101 (¢) 00010000 () 11110000
(e) 01111111 (f) 11111111
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IN the previous article we saw that the
active devices (transistors) in amplifiers
can be regarded as means of controlling
the amount of current drawn from the
battery.

Now, the current from a battery can
flow only in one direction. It is d.c. (direct
current), not a.c. (alternating current).
Transistors are also d.c. devices. But most
of the signals which have to be amplified
are a.c. ones. (Engineers say “‘a.c. signals”
even if they are talking about signal
voltages rather than signal currents.)

How can a d.c. device like a transistor
amplify an a.c. signal?

WOBBLING D.C.

The answer (hinted at in an earlier
article) is first to set up the circuit so that
a steady current (d.c.) flows through the
transistor. The effect of applying an a.c.
signal of small size is to make the steady
current increase when the a.c. goes one
way and decrease when it goes the other
way. In other words, the a.c. signals put a
“wobble” on the d.c. through the transistor.

The resulting wobbling d.c. is exactly the
same thing as would be produced by
mixing up a genuine small a.c. signal with
a larger dc. flow. When two things are
indistinguishable there is a good chance
that they are truly identical, This is the
case with our wobbling d.c. in the transistor.
It really is a mixture of a.c. and d.c.

Common sense suggests that it might be
possible to unscramble the two and extract
the a.c. part by itself, to feed to some other
circuit such as another stage of amplifica-
tion.

Fig. 3.1. (a) A transistor with d.c. biasing via R1. (b) The same
arrangement drawn in a slightly abbreviated fashion.
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'BACK 1 BASICS

BIASING

Before we look at how to do it, we must
first think about how to set up the circuit
so that the required steady d.c. flows.

Practical transistor amplifiers are more
complicated than the simple circuits in the
last article because they contain extra
components for setting up the steady
currents. This setting-up process is called
biasing, and in the case of a bipolar tran-
sistor (i.e. a pnp or npn transistor as opposed
to a field effect transistor) biasing takes the
form of feeding a steady trickle of d.c.
into the base-emitter region of the
transistor.

A common arrangement is shown in
Fig. 3.1a. Here R1 is the biasing resistor.
A small current flows from the battery
through R2 then R1, then the base, the
emitter and to the other side of the battery
to complete the circuit.

This base bias current causes a much
larger (typically 100 times larger) collector
current to flow (also through R2, then
collector and emitter and back to battery).

Fig. 3.1b repeats the same circuit in a
shorthand form which you will come
across often. The battery is not actually
drawn in, and connection to the common
side of the circuit is indicated by an “‘earth”
symbol.

The method of biasing a field effect
transistor depends on what sort it is.

Enhancement mode f.e.ts have to be
turned on in much the same way as bipolar
transistors, except that they draw no input
current to speak of and are therefore
turned on by a voltage rather than a
current,

Depletion mode f.e.t.s pass current even
when unbiased. In their case a negative
bias is often required to reduce the standing
current to what is reasonable for the job.

INTERSTAGE COUPLING

The a.c. part of the current in a transistor
may be very small indeed. This is because
the a.c. signal may be very small. The
aerial of a sensitive radio receiver may
deliver only a few millionths of a volt or
a few billionths of an ampere. A typical
transistor may amplify these signals a
hundredfold, but they are still pretty small
compared with the steady voltages and
currents in the circuit.

If these steady guantities were passed on
to the next transistor they might well
overload it. So what is required is some
sort of filter to allow only the small a.c.
signals to pass on while excluding the d.c.
voltages and currents. Such a circuit is
called an a.c. interstage coupling.

CAPACITORS

One way of separating a.c. from d.c. is
to use a capacitor. A capacitor is a device
which can store an electric charge. Capaci-
tors take many shapes and forms but the
essence of them all is a thin sheet of
insulating material sandwiched between
two metal plates. This is reflected in the
symbols for capacitors, which show the
plates sideways on, with a gap in between
to represent the insulator.

In practice the “sandwich” is often
rolled up to save space, and encapsulated
for protection, giving a component with
two leadouts, one connected to each plate.

Fig. 3.2, Showing the charging and discharging of a capacitor.
Note the direction of current flow as shown by the arrows.
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A FOUR-PART INITIATION COURSE FOR NEWCOMERS

It is obvious that the insulating material
{(known as the dielectric) must prevent d.c.
from flowing through the capacitor. How-
ever, if a battery is connected to a capacitor
there is a momentary flow of current as
the capacitor charges. Then no further
current flows because of the dielectric.

If the battery is taken away the capacitor
remains charged up to the battery voltage.
It can be discharged by connecting its
leadouts together. There is then a momen-
tary rush of current in the opposite direc-
tion to the original inflow of charge.
(Don’t try it! The outflow may be violent
enough to damage the capacitor itself.)

CHARGING AND
DISCHARGING ACTION

Charging and discharging can in
principle be demonstrated by the circuit
of Fig. 3.2, which contains a battery, a
capacitor, a lamp and a changeover switch.
I say “in principle” because unless the
capacitor is capable of holding enough
charge to light the lamp no sign of the
circuit operation will be visible.

With the switch contact at position *“1”,
the capacitor charges, and if the inrush of
current is big enough the lamp flashes
momentarily then goes out. The capacitor
is now charged, and if the switch is changed
to position 2", it discharges through the
lamp (which limits the current) and the
lamp flashes again momentarily.

The arrows show which way the current
flows round the circuit in each case. During
charging, current flows downward through
the lamp. During discharging, it flows up.

Fig. 3.3. A two-stage amplifier. The coupling capacitors C1, C2
and C3 allow the a.c. input signal to pass but are a barrier to the
steady d.c. supply applied to the transistors.

A.C. PASSES THROUGH
CAPACITOR

If the switch is moved repeatedly from
one position to the other the lamp receives
a succession of current impulses and
flashes each time, the current through it
flowing first one way then the other and
so on. This is an alternating current and to
all intents and purposes it flows through
the capacitor as well as the lamp. But no
d.c. flows through the lamp, as is proved
by the fact that it does not stay lit when the
switch is left in position “1”.

Evidently a.c. can flow through a
capacitor but d.c. cannot. This is just what
we need for separating a.c. from d.c. in
our amplifier circuits.

TWO-STAGE AMPLIFIER

A practical bipolar transistor two-stage
amplifier using capacitors for a.c. coupling
of the stages is shown in Fig. 3.3. Here
resistances R1 and R3 are for biasing. An
a.c. input signal causes a small current to
flow to and fro through Cl. It also flows
through the base and emitter of the first
transistor, TR1. An amplified version of
this current flows from the collector to
and fro through C2 and thence to the
base-emitter circuit of the second transistor
TR2. Further amplified, it flows via C3 to
whatever circuit follows.

STEERING THE CURRENT
Without R2, all the collector current of
TR1 would pass uselessly through the
battery instead of the a.c. part passing
via C2 to TR2, So the job of R2 is to

resistance paths.

ORI
r———

WATER %\IURRENT
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steer the a.c. to where it is wanted. Current
always takes the easiest path. If R2 is big
enough (electrically, that is) most of the
a.c. goes to TR2.

This can be illustrated by analogy with
water flow (Fig. 3.4). A current of water
flows into a