| CB RADIO - NEWS AND VIEWS INSIDE

November 80

ISSN 0142-6192

Save £££L’s
With Our Simple
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COME A LONG WAY...

and it didn't take very long either. Electronics have evolved faster than anything else. From Marconi’s first crackling
morse transmissions to minichip in a lifetime. But space-age technology poses it's own problems to dealers anywhere.
The days you strung your own aerial with a length of copper wire bought just around the corner are over. Nowadays,
if you want the best you'll probably have to go to
the States, or Japan, or Denmark ...

« ' or you can contact us. We're not just
e ! & around the corner, but very nearly so.
p . Located just about an hour from
y B \ . London, near Schiphol airport in

Holland we have one of
Europe’s largest collections of
aerials, CB equipment, accessories,
~ electronics etc. from all over the
’ world. Whether it's Danish, Japanese,
g American or anything else, we've got
all the top names at bottom prices.
- = So, plug into the mains and contact

WintioY 103 High Street,
Ltd. Shepperton,
Middlesex TW17 9BL,
England Tel. Walton-
g . on-Thames (STD
‘ 09322)
o 48145

just simplycall

TON RHLERS ELEKTRONIKA

Aalsmeerderdijk 349, 1436 BH Rijsenhout -
Holland, telefoon 010 31 2977-2 8611 (4 lijnen),
telex 15181 tonel nl. {vlak bij Airport Schiphol).
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SOUTH WALES

FOR TTL, CMOS, LINEARS, DIS-

CRETES, PASSIVES, HARDWARE.

TOOLS, CASES, TRANSFORMERS

ETC. LEKTROKIT, BREADBOARDING
AND VERO DEALERS

BOOKS BY NATIONAL, IOR, BABANI

Come to:

STEVE’S ELECTRONICS
SUPPLY COMPANY

(Formerly Steve’s Electronics)

15/17 THE BALCONY, CASTLE ARCADE
CARDIFF, CF1 2BU. TEL: (0222) 41905

VISIT US AT THE SHOP —
OPEN MONDAY TO SATURDAY 9-5.30
Mail and Official Orders Accepted

ELECTROVALUE

FOR COMPONENTS THAT COUNT

- resstmenen

/
/

SIEMENS | NASCOM | VERO
SEMI-CONDUCTOR | MICRO COMPUTERS

CAPACITORS AND
FERRITES ANCILLARIES

, RADOHY
o

RESISTORS i
OPTO-ELECTRONICS | SWITCHES | CATALOGUE 10

ALL GOOD PROJECTS START WITH CATALOGUE 10
IT'S FREE FOR THE ASKING
128 pages packed with almost everything everyone wants. There are attractive discounts
and free postage in UK on orders £5.75 and upwards
ELECTROVALUE LTD. HEAD OFFICE (Mail Orders)
28(H) St Judes Road. Engletield Green. Egham, Surrey TW20 OHB. Phone. Egham
33603. Telex 264475
NORTHERN BRANCH (Personal Shoppers Only)
680 Burnage Lane, Burnage. Manchester M19 1NA. Phone: (061) 432 4945

The Vero S100 Sub Rack is a 19” rack
mountable development kit, complete with
its own power supply and backplane

motherboard, for the construction and evaluation
of microprocessor based systems to the S100 format.
The power supply provides three voltage levels —
+8V, + 18V and -18V. The Sub Rack has its own cooling
fan providing airflow across the boards and the power
supply. A full range of allied items to enable a complete
system to be constructed are available.

VERO ELECTRONICS LTD RETAIL DEPT.
Vern Industrial Estate, Chandler’s Ford,

Hampshire SO5 3ZR
Tel: (04215) 62829

Hobby Electronics, November 1980



741874
741875

WATFORD ELECTRONICS

35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9

.ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/
P.Os OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS’ OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 40p TO ALL ORDERS UNDER £10. OVERSEAS ORDERS
POSTAGE AT COST, AIR/SURFACE. ACCESS ORDERS WELCOME.
VAT Export orders no VAT, Applicable to U.K. Customers only. Unless statai otherwise, sl
prices are exclusive of VAT, Please add 15% to ail prices. 225
We stock thousands more items. It peys 1o visit us. We ere situated behind Wattord Football Ground. 225
Noarest Underground/BR Station: Watford High Street. Open Mondey to Saturdsy, 9 ».m. t0 6 p.m. 495
Ample Frea Car Parking space avsilable, 385

POLYESTERA CAPACITORS: Axial lead lype. o8
400V: 1nF, tn5, 2n2, 3n3, 4n7, 6n8, 10n, 15n 9p; 18n 10p; 22n, 33n 11p: 47n, 68n 14p; 100n 17p; o BDD
150n, 220n 24p; 330n, 470n 41p; 680n 52p; 14F 64p; 2p2 82p; 4,7 85p L 35
$80V: 39,F. 100n, 150n, 220n 11p; 330n, 470n 19p; 680n. 14 F 22p; 1,6, 2,2 32p; 4, 7F 36p. i
1000V: 10nF, 15n 20p; 22n 22p; 47n 26p; 100n 38p; 470n 80p; 1,F 175p.

74L8151
7415153
7415155
7418167
7418158
7418160
7415161
7418162
7415163
7415164
74L5166
7415166
7418173
7415174
7415181
74L8190
7415191
7418192

POLYESTER RADIAL LEAD CAPACITORS: 250V
10nF, 160, 22n, 270 6p; 33n, 470, 68n, 100n 7p: 150n 10p; 220n, ;’gf:“,?"}c EEENSURCERS
3300 13p; 470n 17p; 680n 19p; 1pF 22p; 1,6 30p: 2,2 34p; 4,7 60p.§ 40kH2 3609 /pr

ELECTROLYTIC CAPACITORS: Axial lead type (Values are in »F). 500V: 10 50p; 47 78p; 280V: 100 85p;
63v:0.47,1.0,1.5 2.2.2.5 3.3. 4.7, 6.8,8, 10, Bp; 15, 22, 47, 32, 50 12p; 63, 100, 27p; S0V; 60,
100, 220, 25p; 470, 32p 1000. 80p; 40V: 22, 3. 10p; 100, 12p; 2200, 3300. 85p; 4700, 98p; 35V;
33, 10p; 330, 470, 32p; 25V: 10, 22, 47, 100, 8p; 160, 220, 250, 15p; 470, 25p; 640. 1000, 35p;
1500, 40p; 2200, 54p; 3300, 77p; 4700 85p; 18V: 10, 47, 68, 7p; 100, 125, 8p; 220. 330, 16p: 470.
20p; 1000, 1500, 30p; 2200, 36p.

TAG-END TYPE: 450V: 100, F 180p; 70V: 4700, 165p; 64V: 3300 150p; 2500 110p; 50V: 3300 135p;
2200 99p; 40V: 4700 130p; 4000 92p; 3300 93p; 2500, 2200 90p; 2000 +2000 120p; 30V: 4700
110p; 25V: 15,000 195p, 5400 120p; 4700 100p; 3300 85p; 2200 80p.

TANTALUM BEAD CAPACITORS
35V: 0.1,; 0.22; 0.33; 0,47; 0.68,
10p;2.2p;3.3,;4.7;: 28V: 10.

20V; 6u8; 16V: 2u2: 4u7: 10. 20p.
16V 22, ; 30p; 47; 100 58p; 220 80p.
10V: 154, 22,,, 33, 28p; 100 40p; 6V:
47, 68; 100 32p; 3V: 100 23p..

MYLAR FILM CAPACITORS

100v: 0001, 0-002, 0-005, 0O1uF 6p
0-016, 0-02. 0-04, 0-05. 0-0564F

0 1uF 8p. SOV: 0.47,F 12p

MINIATURE TYPE TRIMMERS
2.5-6pF; 3-10pF: 10-40pF 28p
5.25pF; 5-45pF; 60pF; 88pF
COMPRESSION TRIMMERS

3-40pF; 10-80pF; 25-190pF
100-500pF 45p 1250pF

AY-1.5051
AY-1-6721/6
AY-3-8500
AY-3-8910
AY-5-1224A

POTENTIOMEYERS: Rotary, Carbon,
Track. 0.25W Log & 0.5W Lin.
-500() 1KQ & 2KO (Linear only} Smgle

oPTO
ELECTRONICS
LEDs plus clips
TIL209 Red 13
5K0 2MQ Single Gang 2» TIL211 Grn. 18, 7415193
SKQ-2MQ) Single Gang O/P Switch TIL212 Yel. 7415196
5K0-2MQ Oouble Gang 8 2" Red 7415196
2" Yel. Gin. 7415197

uare LEDs 7415221
o 74£8240
7415241
7418242
7415243
7415244
7415245 450
7 Segment Displays 7415247 135
TIL321C.A 5" 115 7415248 135
7415249 135
7415251 130
7415365 90

SLIDER POTENTIOMETERS
*0-25W log and hnear values 60mm
5K0-500KN single gang
10KQ-500K(} dual gang

Selt Suck Graduated Bews

PRESET POTENTIOMETERS
Vertical & i
0.1W 500 —5MQ Miniature a
0-25W 10001 —3.3MQ horiz. 10p Bltfgzg.g’;sa“ 1;3
—4,7MQ vert 10 :
0-25W 2000 —4,7MQ ve Vo olc A 99
RESISTORS — Corbon Film, High ] 37 GreenCA 1S 7415367 90
g:r?.lny, Low Noise, Miniature Tolerance ghg’sz;‘«ﬂ -6 :gg cM OSi
SILVER MICA (Values in pF) 3:3, 4-7, RANGE VAL 1.99 1006 MAN3640 175 4000
6-8.10, 12, 18,22,33,47,50,68. 75, | uw 202-4M? E24 10 Seg Bargraph 225 4001
82, 85, 100, 120, 150, 180 11p cach, | ®ww 202—aM7? E12 ,p LCO 3% Digt 775 4002
220, 250, 270, 300. 330, 360, 390. | 1w 202—10M E12 5 | = o 4006
470, 600, 800, 820 16p each; 1000. | 29Matal Film 100-1M ap | swircHes
1200, 1800, 2200 26p each. 1%Metal Film 5101-1M p  6p MEC. Biack body.
100+ price applies to Resistors of each | Red, G, Blue,
value not mixed. SRL Latching 125
SRM Momentary 125
ST D N TOGGLE: 2A 250V
U-Dec 'B' 699p SPST 32
oPOT a4
4 Pole on /ot! sa | 724119
SUB-MIN TOGGLE ,7‘:2“’ 741548
145p 7905 220p SP changeover 89 |74 22 741556
14Sp 7912 220p SPST on/oH 7::;3 741563
145p - OPDT 6 tags Z 741573

185 s SO e TRANSISTORS T

Just one youwr order i
ph 7 DPDT Biased it N

through, We deal with .
the rest (but min. €10 | SLIDE250V: AC126 IN3773
plesss). 1A pPOT AC127 2N3818
1A OP c/oft AC128 2N3820
%A OPDT AC14) 2N3822
7824 4 pole c/over Reiio
7 i SWITC HES Miniature Non-Locking
R Push to Make 15 Push Break 25 | 4176
6V  78L62 3o: ROCKER: SPST on/off 1DA/ 250V 30 | “yes
8v 78L82 30p ROCKER: lllurminated (white] chrome bezel. | acyq7
12v 78L12 30p 79112 tights when on. DPST 3A 240V 85 | acv1s
15V 78L156 30 79115 85 ROTARY: (ADJUSTABLE STOP) 1 pole/2-12 | ,evoq
° g | wev.20/2.8 way. 30123 wey. 2ps23wey 38 | 55
CA3085 95p LM323K 62S5p TAAS50 SOp| ROTARY:Mains 250V AC. 4 Amp ACY22
LM300H 170p LM325N 240p TBAG25B 9Sp — o e
LM30SH  140p (M326N 240p TDA1412 ,509 "DIL SOCKETS (Low Profile — Tasss) 8 pin 109: AD149
LM309K  135p 1M327 270p 78HOS  69sp | 14pin12p; 16 pin 13p; 18 pin 16p; 20 pin 22p; Foher
LM317K  350p LM723 39p 78HGS  650pf 24 Pin 30p; 28 pin 35p; 40 pin 40p. A ics

JACKSONS VARIABLE CAPACITORS. | DIODES SCRs A e

POLYSTYRENE CAPACITORS:
10pF 10 1nF 8p; 1.5nF 10 10nF 10p

1CLBO38CC
ICM7205
ICM7216A
ICM7217A
ICM7555

CERAMIC CAPACITORS 50V: 0-5of
10 10nF 4p; 22n 10 47n 6p. 100n. 7p.

S.Dec 350p

EURO BREADBOARD £5.20. U.Oec ‘A’ 465p

VOLTAGE REGULATORS

TO03 + ve —ve

741832
74L542
741547

We stock parts for most
of the projects In this
magazine.

Plastic Casing
Op 7

ZENERS AEILS

Dielectric
100/300pF  20Sp
S00pF 250p
8:1 Ball Drive
4511/DAF

Dial Drive 4103
6:1736:1

Drum §4mm
0-1.365pF 325¢p
00-2.365pF 395p

0 2 365pF with slow
motion Drive 4 gc:gg
00208/176 39Sp

i BY127
:)'SWZOBI 176 with CRO33

motiondnve  410p 337
[ 0A70

100, 150pF N
‘U 3x310pF  725p

00.3x25pF  850p g:gg

DENCOCOILS
‘0P’ VALVE TYPE
Range 1 10 5 Bi..
Rd.. Tl.. Wht. 106p
6-78YR
1.5 Green 130p
T type 1 10 §, BI,
Rd. Wht. Yl  130p
B89A Valve Holder
35p
ROT2 120p

. MW/LW SFR 1349

0A91
REC 5 chokes 120p OA9S
RFC 7(|9mH) 0A200
0A202
13:14;15; |s 17 IN914
110p IN916
18/1.8 116p IN4DO1/2
18/465 132p INAOO3
T0C 1 110p INADO4 /5
MWSFR 12p iN4006/7
IN4148
IN5401/2

VEROBOARD 0.1 0.15 0.16
(copper clad) (plavn)

2% %" 66p
%5 75p
3%x 3N 75p
x5 86p
2%x17" B

3%ax17" 296p
A%x 17" 387p
Pktof 36pins 20p

Spot tace cutter  107p
Pin insertion oot 147p

IN5403/4

3A/100V
3A/400V
3A/600v 27
3A/71000v 30

BaRNa -
DOBDVANOINOBCODRE®

59p 4p
69p 399
7% -
92p  65p
202p 125p
260p 178p We
- 280p

~

stock a
wide seledlon
of El

Range: 2V7 to
39V 400mW
Bp esch
Range: 3V3 10
33v.1.3wW
15p sach

0.6A/200V 30
0.8A100V
0.8A200A
14100V
1A200V
1A600V
SA300V
NOISE 5A600V
255 180p g:ggg;

- | 8AG0OV
12A300V
12A500V
15A700V 195
2N4a44 140
BY106 150
1A/100V C106D 38
1A/200V TiC44 25
147400V TICA6 as

BRIDGE
RECTIFIERS

{piastic case) P

1A/600V

2A/50V TRIACS
247100V a8
2A/200V as
2A/400V 50
247600V 54
647100V B8A400V 64
647200V 8ABOOV 108
647400V 12A100V 60
BY 164 124400V 70
vM18 DIL 12A800V 130
16A100V 95
16A500V 150
25AB00V 295

0P Board  326p | OF | “lESTS
VQ'Board  144p | HOOKS, AN
Veroblock 3s0p { V29

DIAC 25A1000V

480
ST2 5 { 1280000 120

Thyrislors AF139

AF178
AF180
AF186

2N3710
2N371Y
2N3713
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Cellular Construction

How many times have you been fac-
ed with a suspect ‘dud’ battery with
no way of testing it? There’s absolute-
ly no excuse any more with this in-
genious battery/cell tester/charger/
bulb and fuse checker. No, it won't
make the tea but that is about the on-
ly omission we can see. As you can
see from the picture it will accept
any cell or battery from the largest to
the smallest (including watch and
calculator batteries). The bulb tester
section will happily accommodate
any size of torch or instrument bulb

and the test leads can check fuses
and filaments for continuity. With
the addition of a simple battery
eliminator the unit will charge vir-
tually the whole range of Ni-Cad
cells and batteries. By now you
should be asking the price of this
marvel. You won't be disappointed
because it will only cost £11.95 (plus
VAT). It should be in the better elec-
trical and electronics shops about
now, ask for the X10 Battery
Tester/Charger. If you have any dif-
ficulty then contact the importers
who are: Northern Technical &
Chemical Services Ltd of Liverpool.

DeéjaVu

Just as the sun rises each morning
you can predict with equal certainty
that somebody would try and copy

the incredibly successful Sony .

Stowaway stereo cassette player.
A couple of months ago we told
you how the Stowaway was becom-
ing a craze, even at £99.00! Sony
couldn’t make enough of them. Now,
entering stage left is the Binatone
Company with its Hipfi. We had to
look atit very closely indeed to make
sure it was not a Stowaway with dif-
ferent makings, they’re as similar as
that! At the time of writing we
haven’t had a chance to cast a critical
ear to the device but at only £59.95
it's bound to be a winner. It may even

persuade Sony to drop its price. All
of the features of the Stowaway are
there, even a ‘Talk Line’ which bears
more than a passing resemblance to
“the Sony ‘Hot Line'. (This is a facility
which will allow you to listen to the
tape and nearby conversation via the
built-in mu:rophone) The only real
difference is the headphones: ob-
vnously Binatone couldn’t use the
amazing MDR3s from Sony. Instead
they have developed their own look-
alikes which we'll report on in the
next issue. Meanwhile if you want to
try them out for yourself then get
along to Selfridges in Oxford Street.
Binatone may be contacted direct at:
Binatone House, 1 Beresford
Avenue, Wembley, Middlesex HAO
1YX.

Notes From Casio

Our friends at Casio are back with a
vengeance this month with no less
than three singing and dancing boxes
full of electronic wizardry.

First (and smallest) is an in-
teresting new calculator that not
only plays tunes but boasts a
devastating and compulsive game
that you just cannot put down. The
MG-880 is fairly conventional in the
calculator department with memory
and percentage etc. Numerical keys
are all designated with a musical
note (do, re, me etc.) so even the most
mundane calculations become a
musical experience. The game is
really clever. You control a ‘laser’
weapon that must destroy the alien
hoards that attempt to cross the LCD
screen from right to left. Eachalienis
represented by a single digit. To
destroy the alien you must match the
digit with your aim button which
steps through the numbers 0-9 se-
quentially. When the correct digit
has been selected the fire button will
eliminate the monster. As you might

expect the game starts relatively
slowly and speeds up to a superfast
speed that is virtually impossible to
defeat.

So much for the brainy stuff, the
other offerings from Casio are much
less demanding. They are a pair of
very good-looking electronic organs.
The smaller of the two is called the
Casiotone M-10. It is a fully
polyphonic musical instrument of-
fering 2V2 octaves via 32 keys. Four
effect keys give piano, violin, flute
and organ voices. The M-10s larger
brother is called the Casiotone 201
and covers four octaves. There are
something like 30 different voices
and effects that should keep the
neighbours annoyed for weeks.

Now for the important bit (all
bank managers please avert their
eyes at this point). The MG-880 game
can be yours for just £10.95. The
M-10 is a very reasonable £69.00 and
the 201; a paltry £245.00. All these
prices are inclusive of VAT and P & P
from our good friends Tempus. Find
them at: 164167 East Road, Cam-
bridge CB11DB.
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News from the Electronics‘ Worild

H

Tale Of Two
Meters

No not 2 metres, but a
couple of digital multimeters,
the TS1000 from Eagle International,
and the TM352 from Thandar.

Taking the TS1000 first, it has a
3% -digit LED display (8 mm
characters) and provides 16 ranges
covering DC and AC voltage, DC
current and resistance. Features in-
clude hgg and diode test. Despite
having an LED display, the four HP7
batteries, claims Eagle, last between
150 and 200 hours. It can also be
powered from an external 9 V DC
supply. The TS1000 has a two-year
guarantee and costs around £60 in-
cluding VAT.

By comparison,
the TM352 has an iCD
. display (12.5 mm characters). It
also has 16 ranges, but in addition to
hggand diode tests it includes a con-
tinuity check, where a buzzer sounds
if measured resistance is less than
130R =+ 50R. Life of the 9 V PP3 bat-
tery is claimed to be in excess of 150
hours. The TM352 has a one-year
warranty and costs around £50.

Both meters incorporate
overload protection and are sup-
plied with test leads. A brief, and
almost identical, specification for
each is given below. Lower figures
(such as 100 uV from 100 uV to 1kV)
apply to limits of lowest ranges.

T$1000 TM352
Input impedance 10MR 10MR
DC voltage 200 mV to 1 kV 200 mV to 1 kV
AC voltage 200V to 1kV 200V to1kV
DC current 200 uA to 10 A 200uA to 10 A
Resistance 2kR to 2MR 2kR to 2MR
Accuracy +1.2% +1% on

=+ 2 digits
all ranges

10 A and resistance
ranges, < 1% on
all other ranges

Mobile Mayhem

Now be honest with yourself, how
much money have you spent on pub
Space Invader machines? At ten pee
a go you would have been able to
buy your very own Space Invader
game after only 220 plays. Admitted-
ly this new hand-held version isn't ex-
actly the same as the pub game but it
is easily the best portable machine
we've seen. It's called Electronic
Space Invaders and comes from a
company called Entex. The Entex ver-
sion has two columns of aliens,
two laser bases and the obliga-
tory flying saucer, worth 10,
20 or 30 points when hit.
Two levels of play are
available. Qur best score

to date is 450 on the

‘Pro’ level. As the top

score is 999 you can see we've a long
way to go. The only real criticism of
the game is the lack of brightness on
the display. When we first tried it out
we thought the batteries were dead,
a new set proved us wrong. It only
becomes a nuisance in strong light
but it is a minus point on an other-
wise excellent game. Space Invaders
is available from our old friend NIC

Just In Case

Project housings continue to look
more and more like commercial
boxes — here is a prime example
from Vero. It is called simply the
Pocket-Size, Hand-Held Box, and
measures about 80 x 110 mm. The
cut-out in the top will happily ac-
commodate an LED display or switch
panel. In the underside, Vero have
sectioned off a battery compartment
just right for PP3s or Ni-cads. The
slide-off cover allows for easy bat-
tery replacement. Inside the case
there is room for a PCB measuring up
to 71 x 107 mm in the bottom section
whilst the top half can take another
board up to 56 x 105 mm. The top and
bottom sections are held together by
four self-tapping screws. For more in-
formation on this box and Vero's ex-
tensive range of attractive casings
contact them at: Vero Electronics
Ltd. Industrial Estate, Chandlers’
Ford, Eastleigh, Hampshire SO5 3ZR.

for £21.95. Keep a look out for more
Entex games: we’ve had some
samples in the office and can say
with confidence that this is one
games company with a lot of original
ideas.

Tip Top Shape

Announcing the latest four-hour
VHS video tape from JVC. Until now
the best you could get was a mere
three hours recording time. This new
tape, designated the E240 will be
undergoing a market trial in the next
few months. What am 1 bid for the
Betamix system, do t hear five hours.

Ancient Audio

Way back in the September issue we
told you all about the Vintage
Wireless Company’s interesting
publication. Well, if you are in
terested in vintage radios then you
may like to subscribe to the Vintage
Wireless Company’s newsletter. This
is available for just £2.50 per year
(£4.00 overseas) from: The Vintage
Wireless Company, 64 Broad Street,
Staple Hill, Bristol BS16 5NL.

Clever Clock

Have you noticed the new clock on
BBC 2 lately? Chances are you
haven’t because it looks quite or-
dinary. Actually it's not what it
seems, it is generated electronically,
totally solid-state and of course very
accurate. Next time it comesonyour
screen have a close look, it really is
ingenious.

Errata

Guess what. There is no Errata this
month. We actually got it right. Is
this the shape of things to come?



[H. NEXT MONTH. NEXT MONTH. NEXT MONTH. NEXT MONTH. NEX

ON SALE NOVEMBER 14th

Video Disc Systems

Just as video cassette machines are becoming firmly establish-
ed next to the family TV, a relatively new method of video
playback has been announced. We look at what it is, how it
works andwhatitis likely to cost.

Audio Power Meter
Is your hi-fi amp LOUD enough for the neighbours? Our stereo
bar-graph power meter shows you at a glance your watts-per-
channel. Itcan be calibrated either in watts or nuisance units.

Dynamic Digital Speedo

Would you like your dashboard to look like that of an Aston
Martin Lagonda? (Unless you’ve already got a Lagonda, that
is.) Well, at least you can make a start with our digital speedo.
If you get the calibration right you should keep closer to the
legal speed limits. (No, it's not electronically coupled to the
throttle.)

Model Train Controller
‘Not another train controller!” you may say, but wait and see —
this one’s different. It uses pulsed control to give you a

Battery Charge Indicator

Let’s face it, not every car has an ammeter, voltmeter or other
indication of battery state. But many motoristreaders will
have suffered problems with their generators, alternators,
regulators, or, of course, batteries. With this second HE car
project for the December issue you can have a clear visual
display of battery voltage.

Jack Lead Tester

Ever been let down on the job? Ever been stuck with a faulty
jack plug lead? Many a musician has, that’s for sure. The HE
jack lead tester is pocket-sized and tells you instantly what the
faultis. Notonly that, it only costs around £2.

NEXT MONTH. NEXT MONTH. NEXT MONT

itemns mentioned here are those planned, but unforseeen circumstances may affect the actual contents.

10

s-m-0-0-t-h chug response rather than the unrealistic lurch pro-
duced by some conventional controllers.

We are also planning another train modellers’ project for
the New Year which will work in conjunction with the HE train
controller.

Hobby Elec onics, November 1380



If you want an
Autoranging

For only

We've ‘gI;‘E
to hand it to you!

ZERO ADJUSTMENT * FULL AUTORANGING
3%4-DIGIT LCD WITH * AUTO UNIT DISPLAY
200 HRS CONTINUOUS  * CONTINUITY TEST
BATTERY LIFE (6110 and 6100 only)
AUTO ‘BATT’ % 10 AMP AC/DC (6110
WARNING and 6220 only)

Introducing the latest professional state-of-the-art 3'4-digit DMM - at really old-
fashioned prices! From just an unbelievable £39.95 inc. VAT, plus £1.15 p&p!

6100 6110 6200 6220
RESOLUTION ImV. 104A. 0 131 on all models Why such a low, low price?
(CLRAUTOIRANGING - E: Ce C Because the A/D converter and
RANGE HOLD - " J o olk -
UNITS OF MEASUREMENT DISPLAYED mV, V., mA mV_ V. mA, A mV, ¥V mA mV V mA A d|sp'ay are CUStom bu'lt' Thls 15 8
FUNCTIONS DISPLAYED {2, K§l, AUTO, BATT, ADJ, LO. - and AC genuihe top-spec DMM. Check
MEASURES DC VOLTAGE TO 1000V 1000V 1000V 1000V these features for unbeatable value
MEASURES AC VOLTAGE TO 750v 750V 750v 750V - you won't find a hand-held
MEASURES AC DC CURRENT TO: 200mA 10A 200mA 104 ] f h
ZERO ADJUSTMENT  ~~, Zeros out minute test-lead resistances for precise measurements DM M W|th these eatures at these
ACCURACY § 05 05 0.8% o prices again!
LOW POWER OHM RANGES For in-arcurt resistance measurements on all models
BUZZER - Conunuity Test - -
BUZZER - Over Range Indicator - s
COMPLETE WITH Batteries, pair of Test Leads. Spare Fuse, One Year's Guarantee
PRICE ONLY £64.95 ONLY £74.95 ONLY £39.95 ONLY £49.95

p&p €115 €115 £1.15 €1.15
!

EEEENS WIS EEEN SIS EEER SUETEE I SR SN IS SEERGEE NN SEE I N A
I believe you! Please send me the DMM/s as marked. ACCESS orders taken. Please write card no: and signature.

6200 @ £41.10 each, inc. VAT, p&p. Totalprice £ ACCESS NO m
6220 @ £51.10 each, inc. VAT, p&p. Totalprice £________

I 6100 @ £66.10 each, inc. VAT, p&p. Total price £________ Name
6110 @ £76.10 each, inc. VAT, p&p. Totalprice £ Adrees

I Total cash/cheque enclosed £

Cheques payable to .

Maclin-Zand Electronics Ltd., please. L Signed
I - To: Maclin-Zand Electronics Ltd., 38 Mount Pleasant,

Available from the company that gives you tomorrow’s
London WCIX 0AP. -

technology today, and from other reputable dealers. ]
38 Mount Pleasant, London WCIX OAP. Aliow 4 to 6 weeks for delivery. For overseas orders,
| Tel. 01-278 7369/01-837 1 165. a‘ " I - al l please add £5 to cost of total order package.

S s TEees Eeeee seams smmmmm  Making state-of-the-art affordable. TETEEES EEEAE EEEEN. GRS TR

Hobby Electronics, November 1880
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£ COMPUTER WAREHOUSE

'n stock
SCOOP PRINTER PURCHASE
PROFESSIONAL EQUIPMENT AT HOBBYIST PRICES

now test equipment,
transformers, power sup!
equipment, 1.C.'s.
transistors, micros
other stock linea.

NOW OPEN

MONDAY-SATURDAY

9.30-5.30

rocessors, teletypes.
[ rs't‘:lc‘;;;gf sig. ‘s, motors, peripheral
G ; keyboards,

variacs,
tools, components. lies + thousands of

‘ -assembl
itches, V.D.U's sub-ass -
ke fraction of our vast range. is

Just 3 mere i
ains for callers.

SO LOW EVEN OUR COMPETITORS GASP!

TELETYPE ASR33 ICL TERMIPRINTER
I/0 TERMINALS 300 BAUD TERMINALS

=

displayed below 100's ot barg

MAKE YOUR COMPUTER TALK!!!
VIA OUR EX-GPO MODEM UNITS

Well, not exactly talk, but communicate over a
standard dialup G.P.0. line with any other
modem. The modem unit 2A is housed in an
attractive fibre glass case measuring only 15w x
137d x 57h, inside are the electronics and mains
power supply which enable serial dupiex data

EX STOCK

SOFTY

SOFTWARE DEVELOPMENT
SYSTEM, INVALUABLE
TOOL FOR DESIGNERS,
HOBBYISTS ETC.

% ‘
" ) ?‘ p -
. 0l
N
(]
+ CAR
£235 7 VAt
Fully fledged industry standard ASR33 data ter-
minal. Many features including: ASCIl keyboard
and printer for data |/0, auto data detect circuitry,
RS232 seriat interface. 110 baud, 8 bit paper tape |
punch and ready for off line data preparation and
ridiculously cheap and reliable data storage. Sup-
plied in good condition and in working order.
Options: Floor stand £12.50 + VAT
Sound proof enclosure £25.00 + VAT

THE CHIPS ARE DOWN
MOSTEK, INTEL, NEC, MOTOROLA
I.C. PRICES SLASHED!

£325 1 58

Made under licence from the world famous GE Co.
The ICL Termiprinter is a small attractive unit with
so many features it is impossible to list them in the
space available! Brief spec. as follows; R$232
serial interface, switchable baud rates 110, 150,
300, (30 cps), upper and lower case correspond-
ence type face, standard paper, almost silent run-
ning, form feed. electronic tab settings, suited for
word processor applications plus many more
features. Supplied in good condition and in work-
ing order. Limited quantity.

* RAMAND EPROM STAR O
2716 Single 5v rail EPROMS
2716 Three rail EPROMS ..
2708 EPROMS
4116 16k x 1200 n s RAMS 8 for

diags., at a fraction of

G.P.0. lines.

tion between termi p
at any speed up to and in excess of 250 baud
{300 at a push). Made to the most stringent,
exacting specification for the G.P.0. These units
feature Modular plug in P.C.B.’s, internat test
points, Standard tone frequencies, Configureable
to terminal or computer end, Auto unattended
answer, RS232/V24 interface on standard 25
way ‘D’ socket, efc. etc., supplied complete with

£4.50
their original cost at only £5500 : CARR.

NOTE. Units believed working, but untested. unguaran-
teed. Permission may be required for connection to

A massive purchase of brand new
“state of the art” data processing
equipment enables us to offer the
following chips at never, and we mean
never to be repeated prices.
Central Processor
8155C 256x8 Static Ram
8253C Programmable Interval Timer
8255A Programmable Peripberal Interface
8259A-8 Programmable Interrupt Control
8755A 2Kx8 Eprom 16 1/0 Lines
MC6850P ACAI
2652
2102 1K
1702
5101L-1

32K x 8 DYNAMIC/STATIC RAM CARDS
A masterpiece of electronic engineering and our own advantageous
buying enables us to bring you a complete memory system at a give-
away price. Originally made for a large processor the RAM card has
many features, including on board refresh, internal parity generation
and checking. Standard TTL inputs/outputs, +5, +12, —15v
supply rails and its effective STATIC capability make it useable with
many CPU’s. A fast cycle time of approximately 400ns make this a
snip at only £90.00 + £3p & p. Supplied complete with circuits.

8085 A- £11.99
£8.95
£8.95
£9.95
£4.75

£34.50
£3.75

£24.00
£5.25
£3.75
£4.95

)
AY \C. A INS
?§2;5|510R BARGA
N

VER CHEAEER
All1.C."s and Transistors by

S.CR's
2N3001 30v 350 ma TD18 22p each 6 for £1.00
2N5061 60v 810ma TD18 27p each 4 for £1.60
204441 50v B amps 70220 45p each 10 for £4.00
C10601 400v 5 amps T0202 55p each 10 for £5.00

MPCC Comms. Controller
Static 650ns Rams 8 for
256x8 Eprom
256x4 Static Ram 450ns

etC § Enables ‘open heart surgery’’

on 2708, 2716, etc, Blows,
Copies, Reads EPROMS or
emulates EPROM/ROM IN-
SITU whilst displaying cone
tents off ROM/RAM on a
domestic TV receiver. A host
of other features.

Write or phone for more details.

£115 + VAT & CARR

You'll never regret buying a
SOFTY!

SUPERVALUE P.C.B. SPECIAL
Another great buy. Board contents
.include 62 Digital |.C.’s all located in 14
pin D.1.L. sockets. Original cost over £90,
our price only £4.95 + pp 65p

5v D.C. POWER SUPPLIES

Following the recent “SELL OUT’* demand for our 5v
3 amp P.S.U. we have managed to secure a large quan-
tity of ex-computer systems P.S.U.'s with the following
spec.; 240 or 110v A.C. input. Outputs of 5v @ 3-4
amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The 5v and
7.2v outputs are fully regulated and adjustable with
variable current limiting on the 5v supply. Unit is self
contained on a P.C.B. measuring only 12" x 5" x 3’
The 7.2v output is ideal for feeding “'on board" regu-
lators or a further 3 amp LM323K regulator to give an
effective Sv @ 7 amp supply.

Supplied complete with circuit at only £10.95 +£1.75pp.
Believed working but untested, unguaranteed.

And Remember All Chip Prices /nciude V.A.T.

All above LCs are brand new or removed lom new unused socketed

P.C.B.'s. Eproms supphed washed.
All full spec. and guaranteed

SEMICONDUCTOR

‘GRAB BAGS'

Amazing value mixed semiconductors, include

transistors, digital, linear |.C."s. triacs. diodes, bridge

recs. etc. otc. Alt devices guaranteed brand new, full

spec. with manufacturers markings, fully guaranteed.
50 + BAGE£2.95 100 + BAGS {5.16

MUFFIN FANS

Keep your equipment Coot and Reliable with our tested ex-equipment

well known manufacturers and fully
guaranteed. No fall outs. Comprehensive
data on |.C.'s 15p per type.

2N4351 N channel MOS FET

2N4352 P channel MOS FET

60p each £1.00 per pair.

HIGH VOLTAGE NPN POWER
SWITCHING transistors BVcbo 600v
BVceo 500v BVebo 15v tc § amps

Pc 125 watts HFE 60 typ ft2.5 mhz
ideal invertors, etc. TO3 £1.60 each

4 tor £5.40

BF258 NPN 250v @ 200ma 45p each
3forf1.08

1.R. BSB01 2.5 amp 100v bridge rec.
P.C. mount long ieads 35p each 4 for
€1.08.

IN4398 4 amp 100v P.C. mount diodes
long leads 14p each 10 for £1.10
LM309K +5v 1.2 amp regulator £1.10
each 6 for £5.35.

AGFA C10 computergrade cassettescom-
pletewithlibrary cases68peach, 10forf5.50

TRIACS
G.E. 12 amp 600v T0220AB 95p each 10 for £8.75
AE.L 10 amp 400v ready mounted on 2} x 24
heatsink £1.00 each 4 for £3.75
LOW PROFILE ).C. SOCKETS

8D.1L. 10p each 12 tor £1.00

14 0.1L 14p each 8 for £1.00

16 0.1.L. Gold Plated mil. grade 22p each 6 for £1.00
22 0.1.L. 27p each 5 for £1 00

24011 Y5peachd lor £100

40 D.I.L. 60p each 2 tor £1.00

OTHER GOODIES

2N3055 IR.C.A165p each

2N5943 RF. outbut 40 volts. | wart up 10 T0DOMHZ
1.0.555p each 1 for £5.00
INA30A WNT20F E T wransisior 37p each 3 tor £1 00
LM3B0M/SL6051 14 D.1.L. 2 watt A F amp B0p
each 8 for £6.00
CA30288 DC. 120 MHZ ditterential cascode amp
£1.00 each J for £2.50
CA3011 20 MHZ wideband amp T099 case 65p
each 2 tor £1.00
TMS3114 DUAL MOS 128 bit stanrc shifi reg. OC

KEYBOARDS

% LOW PRICE CHASSIS %

.
=

I

A special bulk purchase enables us 10 otter 1he above keyboard at a
lowest ever price. 43 coded keys encoded into a direcl TTL compatible
7 bit outpul. Feawres such as delayed swobe. § volt DL singie ra
operalion and rollover protection make Ilis an absolule must for the
MPU consirucior! Supplied complete with connection diagram and edge

connector, at a seconghand
£20.00 + P.P.£1.60

"Mutfin Fans” almost silent running and easily mounted Available in

IN4004 SD4 1 amp 400v diodes 7p
two voltages. 110 VAC. £5.05 + pp 65p OR 240v A.C.£6.15 + pp

each 18 for £1.00.

2.5 MHZ £1.50 each & tor £4.25
NESS5 27p each. 10 for £2.50

659 DIMENSIONS 43" x 43" 21}

ELECTRONIC
COMPONENTS
& EOQOUIPMENT

66/
0

DISCOUNT

Due to our massive bulk purchasing programme
which enables us to bring you the best possible
bargains, we have thousands of |.C.'s, Transistors,
Relays, Cap’s., P.C.B."s, Sub-assemblies, Switches,
etc. etc. surplus to our requirements. Because we
don’t have sufficient stocks of any one item to
include in our ads., we are packing all these items
into the "BARGAIN PARCEL OF A LIFETIME"
Thousands of components at giveaway prices!
Guaranteed to be worth at least 3 times what you
pay plus we always include something from our ads.

for unbeatable valuell Sold by weight
2.5kIs £ 4.75+pp £1.25

5kis £ 6.75+pp £1.8

A0kis £11.75+pp £2.25 20 kis £19.99+pp £4.7

I.R. 12 amp BRIDGE RECS. 400 voit
£1.25 each

POWER DARLINGTON SCOOP!
MJ1000 NPN 60v 30w B amps TD3 95p each
2N6385 NPN B0v 100w 10 amps T0 £1.25 each
MIA030 NPN 60v 150w 16 amps TD3 £2.25 each

GEA24 rero voltage switch, Inac SCR reiay drver
T0S can £1 10 each 7 for €6 50

LM384 5 Wan audic 1.C.5 £1.50 each 10 for £11.00

FPQ3725 & NPN S0v 500ma 1ransistors in 14
D.:.L pack 10p each 2 for £1.00

BARGAINS GALORE!
In our walk round Warehouse
NOW open Monday to Saturday 9.30-5.30

ELECTRONICS

Dept. HE, 64-66 Mettort Rd., Thornton Heath,
Craydon, Surrey. Tel: 01689 7702 or 01.689 6800

MAIL ORDER
INFORMATION

“no time to test”

price of onty

SUPER CASED VERSION Same as above spec but housed in attractive
two tone moulded, free standing case. Unit also includes an all TTL paraftel
10 serial convertor {no details) etc.

£27.50 +P.P.£1.85

TOROIDAL TRANSFORMERS

PR 240v o sec 15015 @ 2 amps dimensions ¥ 1 2 £4.95+pp. 39
TM 240v/110v prr sec 150 15 8vA dimensions 2§« " £195+p.p. 30p.
All voitages measured off toad

Plugs, Sockets & Connectors Cannon ‘D’ Range

Plu Socket

25 way ex-eqqip. plug or socket £1.25
Edge connectors, gold plated
way

Unless otherwise stated all prices inctusive of VAT. Cash with order. Minimum
order value £2.00. Prices and Postage quoted for UK only. Where post and
packing not indicated please add 40p per order. Bona Fide account orders
minimum £10.00. Export and trade enquiries welcome. Orders despatched
samé day where possible. Access and Barclaycard Visa welcome.

£3.99
£3.25
£2.00

85 way

0:16°0S 56 way

0.156DS 36 way
A/l connectors easily cut to size
1000 s of other connectors ex stock

% SHUGART SA800 %
8" Floppy Disk Drives

as new £225.00 + VAT




Mini Synth
With Memor

Ideal for the music enthusiast, Memory Bank is a single chip

miniature synthesiser featuring some basic effects of

expensive commercial designs and yet

costing less than £30

WELL, WE'VE GOT to admit it! When
-we first set about producing this
project for £30 we didn’t think it was
going to be possible. We immediately
had visions of banks of circuits each
producing a different effect and
hundreds of ICs — just how were we
going to break this £30 price barrier?
Not to be deterred, we sent out feelers
to our many contacts in the electronics
market. Finally, word began filtering
through of a new IC which would do;
not only most of the job itself, but it
also had an accessible memory from
which to record and recall notes in a
sequencial fashion. The name Memory
Bank stems from this function — the
chip stores a 32 beat-length sequence
of notes and spaces and, upon recall,
replays the sequences at one of four
switched tempos.
The IC in question is of the same
family as the doorbell chip — you
know, the one which produces

Hobby Electronics, November 1980

4000603 V2 tunes simply by pressing
one button! But — and this is
important — not exactly the same one.
They are all known under the family
number of TMS 1000N and are
produced by Texas Instruments.
Officially, they are ‘dedicated micro-
processors’ which means that they are,
in essence, small computers designed
and programmed for one purpose.

Many of the features of Memory
Bank stem directly from the chip, as it
is so versatile but one or two features
are additional, hence the use of a num-
ber of components around the !IC.

Effective Effects

The main oscillator provides two
squarewave output signals an octave
apart. Effects pot RV4 allows a
controlled variable mix of these two .
frequencies so that the overall output
is not necessarily a pure square wave
and consequently more pleasant to the

ear. The frequency of the oscillator can
be varied by RV3, the pitch control.
Incidentally, a control voltage can be
fed to the wiper of this potentiometer
to give a VCO (voltage controlled
oscillator) function seen in expensive
commercial synthesisers.

The envelope control gives a
variable attack and decay to each
individual note — from a quick
staccato effect to a long slow increase
and decrease in volume. For instance,
set at the longest attack and decay,
Memory Bank produces a sound akin
to a phased echo. This is perhaps one
of the most interesting effects.

Vibrato is a standard effect where by
the pitch of the main oscillator is
frequency-modulated; that is, the
centre frequency of the oscillator is
raised and lowered slightly at a
variable depth at a variable rate
between about 1 to 10 Hz.

Other switched controls allow a igg

13
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Mini Synth With Memory
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Figure 4. Lots and lots of interwiring, isn’t there? Wait till next month before you commence wiring and

we'll tell you the best way to do it

variety of extra facilities such as an
echo where every note played is auto-
matically repeated three times, or a
chorded sequence where the played
note produces the three harmonic
notes of a basic chord in rapid
succession.

All Keyed Up

Obviously we couldn’t produce the
project with a standard piano-type
keyboard — that alone would cost
more than the price limit of £30 —
hence the use of push-button switches.
But a musical-style layout with 24
buttons from A to G sharp two octaves
above was maintained with all tones
and semitones in between. An extra
four switches to the right of this keypad
control the ‘record into memory’
functions:

Erase — erases the present contents of
memory

Space — records a single notedength
space

Backspace — cancels the previous
note recorded (useful if a mistake has
been made)

Replay — recalls and plays the whole
recorded sequence.

Upon switch-on, one of four
switched tunes stored in the chip’s
permanent internal memory is
automatically recorded into the
accessible memory, after which it can
be replayed or erased if desired. These
tunes are: Oranges and lemons; When
the Saints go marching in; Yankee
doodle; and Holahi. Jack socket JK1
allows you to play through an external
amplifier for extra volume. Insertion of

16

a % inch jack plug will cut off the
internal speaker and provide a low
level signal to the external amplifier.

Now what else can Memory Bank
do? Oh yes, we almost forgot! After a
few minutes of not being used — if it
hasn’t been switched off — the IC
produces a warning tone for a few
seconds to tell you that you haven’t
turned off the power. This helps
prolong battery life.

Memory Bank Construction

Construction procedure this month
consists of making up the two PCBs
from the overlay diagrams shown.
Neither board should cause much
difficulty, but there are one or two
points to note.

IIIVIini Synth With Memory

On the main board all resistors and
capacitors are best inserted first, being
careful to polarise Cé and C7 correctly.
An IC socket is advisable for IC1 and
this should be put in next. Don’t insert
the IC yet, however, leave it till last.
Semiconductors D1, D2 and Q1 to Q5
can be soldered into position now.
Note that there are two varieties of
transistor — take care not to mix them
up. To insert the transistors, align their
flat side to correspond to the flat on
the overlay diagram: the transistor will
then fit neatly into its correct position
on the board. Finally, IC1 should be
carefully inserted into its socket. This is
quite an expensive device so take your
time to prevent possible damage
through breaking off any pins.

Construction of the keyboard is
simply a matter of inserting the 28
push-button switches. Make sure they
are all perfectly flush to the board —
this makes no difference to electrical
connections, it simply looks better if
they are visually lined up.

The second and final part of this
article next month continues with
constructional details of Memory Bank
and includes full interconnection
procedures along with case details.

— Buylines—

A full kit of parts for HE Memory Bank has been
produced by Magenta Electronics, who adver-
tise with us, on page 38 this month. All parts (ex-
cluding as usual the case, but including the
PCBs and IC socket) will cost you only £28.50 in-
cluding p&p and VAT.

If you wish to house your Memory Bank in
the same case as we did, Magenta can supply
one (when ordered with the kit) for an extra
£5.80 including p&p and VAT.

Figure 5. Showing front panel layout and lettering. Note the hole which needs to be cut out for the

keyboard push buttons

HE
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Be it career, hobby or interest, like it or not
the Silicon Ch1p will revolutionise every human
activity over the next ten years.

Knowledge of its operation and its use is vital.
Knowledge you can attain, through us, in simple,
easy to understand stages.

Learn the technology of the future today in
your own home.

MASTER ELECTRONICS MASTER COMPUTERS

LEARN THE
PRACTICAL WAY BY
SEEING AND DOING

LEARN HOW TO
REALLY UNDERSTAND

® Buildingan oscilloscope. COMPUTERS, HOW THEY
3 Unihsmetiding ciroutt dingedfi WERR . THETR S
@ Handling all types Solid State ‘Chips’. AND HOW TO DO PROGRAMS.
® Carry out over 40 experiments on basic ® Complete Home Study library.

circuits and on digital electronics. ® Special educational Mini-Computer
@ Testing and servicing of Radio, T.V., supplied ready for use.

Hi-Fi and all types of modern computer- 0 Self Test program exercise.

ised equipment. Services of skilled tutor available.

MASTER THE REST

® Radio Amateurs Licence. ® Logic/Digital techniques. ® Examination courses (City & Guilds etc.)
in electronics. @ Semi-conductor technology. @ Kits for Signal Generators — Digital Meters etc.

I am interested in —

PRACTICAL ELECTRONICS ..o oo
e & ey ! COMPUTER TECHNOLOGY . oooovooeooooeoeeorreeer e
. o I T HE R SUREC TS hh. o = 1 ey

{please state your interest)

Please send your FREE brochure !
I F wit hout obligation to: :
1

..................................

BLOCK CAPS PLEASE
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL

l 4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. HE/11/811

b == =g _ — 1 e —— — - i

L= S
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Story Behind

Stereo

We have become complacent over the past few years. Technological developments
come so quickly that we rarely pause to consider how they were developed.
lan Sinclair looks into the (surprisingly) long history of stereo and where future

research may lead

NOW THAT we have the technical
ability to process almost anything with
electronics, it’s interesting to note how
many ideas which have been around for
a long time are now being used at last.
Stereo sound was one of the first of
these ideas to be picked up, particularly
when transistors became cheap enough
to allow two amplifiers to be built for a
price which previously bought only one.
Inthis article, we'll try totrace the shaky
beginnings of today’s stereo.

Musicians have, of course, played
with different arrangements of choirs
and orchestras for centuries, and in
many cathedrals, carefully chosen
seating arrangements for the choristers
were found by trial and error to give
much clearer sound over a large space.
By contrast, many composers preferred
to write for small groups of players,
deliberately avoiding the large spread
of sound of the full orchestra.

The effect of the arrangement and
spacing of sound sources which was
well known to musicians was not lost on
the physicists either, though it took
some time before their knowledge of
sound waves was sufficient to matchup
to the needs of analysing something so
complex. Much of our knowledge of
sound waves was laid down by the great
physicist Helmholtz, and carried on by
Lord Rayleigh of Terling, Essex.
Rayleigh’s Theory of Sound, published
in 1896, is still the sourcebook for
anyone investigating sound waves, and
his work is the real starting point of the
stereo systems which were developed
after that time,

Rayleigh conducted a large number
of experiments to find what factors
determined how the human hearing
system could ‘localise’ sound; that is,
discover where the source of a sound

18

appeared to be. One of his classic ex-
periments involved fitting a listener
with a pair of tubes, one to each ear, and
sounding identical tuning forks at the
end of each tube. He used this scheme
for tuning forks with a wide variety of
pitches, and found that the listener, who
was blindfolded, imagined that the
sound was directly in front of him when
the higher<frequency tuning forks were
used. This illusion did not persist when
low frequencies were used, and could
be restored only when a single fork was
used and its sound taken through tubes
of equal lengths to both ears.

Phased Forks

Rayleigh’s conclusions were that the in-
formation on sound direction which we
obtain arises in different ways at dif-
ferent frequencies. At low frequencies,
it is phase differences between waves
which carry the sensations of direction.
Since he could not ensure that two tun-
ing forks stayed in phase, the listener
was unable to locate the source of low
notes from two separate forks. At high
frequencies, phase differences seemed
less important, and the most important
factor was the intensity of the sound;
the direction of the sound always seem-
ed to be towards the louder sound.
Rayleigh’s experiments and theory
weren’t at all ahead of technology.
Some fourteen vyears earlier, a
telephone engineer in Paris had
patented a system for enabling late-
comers to a theatre to hear a realistic
performance. His ideas was to use two
microphones, one on each side of the
stage. Each listener had also two ear-
phones, left and right, so that the effect
was that of headphone stereo. Since no
amplification was needed, the system

was quite practicable, and was, in fact,
exhibited in action in1881.

The lack of amplification in all early
sound systems forced inventors to con-
centrate on headphone systems. Now,
though - headphones produce in-
teresting effects, there is a vast dif-
ference between the sound heard on
headphones, with its artificial separa-
tion, and the sound you hear live, or
through loudspeakers. A good descrip-
tion of the difference is that headphone
sound always makes your ears feel fifty
feet apart, and this must be caused by
the complete separation of signals
which doesn’t happen under normal
listening conditions,

Early attempts at providing some
form of loudspeaker ‘stereo had to use
the horn gramophone, and some of
these were actually made. There is a
photograph in the Science Museum of
the ‘Columbia Multiplex Grand’, a
cylinder gramophone with three
pickups and horns, playing a cylinder
with three separate tracks. Unfortunate-
ly, we can’t tell now whether these were
three tracks in the sense we would use
now; ie, if they were simply three tracks
of different instruments, using the horns
as a form of mixer. These attempts
cameto nothing.

Two Channel Radio

World War | turned inventor’s minds to
less harmless pastimes, and at the end
of the conflict, the new possibilities
which were opened up by radio broad-
casting began to excite considerable in-
terest. One scheme which was tried in
1925 was the separate broadcasting of
two channels on different wavelengths.
The medium-wave bands were not so
crowded then as they are now — you

Hobby Electronics, Novembser 1380



didn’t get the call-sign of Radio
Bohemia.continually coming over the
station you wanted in those days!

In Berlin, stereo experiments were
carried out using 430 and 505 metre
transmitters, and at New Haven, Con-
necticut, station WPA]J won a place in
history as a stereo transmitter using 270
metres and 227 metres. Details of the
Berlin system are lost, but the New
Haven system is quite well documen-
ted. At the studio, the microphones
were seven inches apart, a distance
which had been picked by trial and
error,

Station WPA] had to bow to its
‘listeners, though. Most listeners, still us-
ing headphones, didn‘t like the effect,
which in any case was available only to
listeners with two receivers. For the less
well off, the reception of only one of
two stereo channels was not a par-
ticularly good deal, and the scheme was
abandoned.

For The Record

Curiously enough, disc stereo was not in
such an advanced state. It's curious
because all the information that was
needed was already present. The early
.cylinder recordings had used what was
known as‘hill and dale’ recording (Fig.1)
— the sound waves were recorded as a
pattern of vertical bumps on the
cylinder. Emil Berliner's flat discs of
1888 used lateral recording, the familiar
groove which waves from side to side. It
must surely have occurred to many in-
ventors that it should be possible to
record one programme on a vertical
recording and another on a lateral
recording in the same groove — and yet
there’snotraceof it.

%\\ LATERAL

DALE
M VERTICAL OR
Wk HILL & DALE

Figure 1. In the early years of this century, both
lateral (side-to-side) and vertical (hill and dale)
recordings could be bought. No one seems to
have seen that both types of cut could be made on
asingle track.

Stereo as we know it has its roots in
the work of one man — Alan Blumlein
of EMI. Blumlein was probably the
ultimate virtuoso of . electronics; his
patents cover all aspects ranging from
stereo sound through most of television
to radar. What he might have eventual-
ly accomplished is something we can
only guess at, because he was killed in
an air crash, during radar tests, in the
early days of World Warll.

His work at EMI started in 1929, and .

by 1931 he had taken out the patent
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which forms the foundations for most
of today’s stereo systems. This patent,
number 394325 if youwant to look it up,
outlines all the requirements that we
use today, and suggests in particular,
the use of sum and difference rather
than straightforward L and R sound
channels. The important point about a
sum-and-difference system (Fig.2)is that
the sum signal is a normal mono signal,
which can be used by mono equipment,
and the difference signal is of com-
paratively small amplitude, easier to
transmit. The sum-and-difference
system has survived in FM stereo,
though it was not used for either tape or
disc stereo systems after World War 11.
The principles were revived, however,
for most of the so-called ‘quad’ systems.

L+R = MONO —P

L |—»

R {—» IL—R = DIFFERENCE| —»

Figure 2. Blumlein’s sum-and-difference method.
The important point is that the sum signal is the
normal mono signal, and the difference signal is at
amuch lower amplitude.

By 1932, Blumlein had turned his at-
tention to the problem of coding two
separate signals onto discs. The obvious
method, stemming from gramophone
history was to use both lateral and hill
and dale recording on the same groove.
This isn’t entirely satisfactory, because
one of the reasons for abandoning hill

everyone else deserves some sort of ex-
planation. Without going into a lot of
detail, any motion in a straight line can
be imagined as being caused by two
movements at right angles to each
other.

For example, if you pull on the two
strings illustrated in Fig.4, then the block
moves in the straight line which is

shown. These two motions at right

angles to each other are quite indepen-
dent — changing one does not affect
the other. Translating this into
something closer to our applications
now, imagine a device which consists of
aminiature railway track with a plunger
touching the surface of a plate between
the rails (Fig.5). If the plate is shaped like
a wave, the plunger will be forced to
move up and down as the ‘truck’ is mov-
ed along. The up-and-down movement,
however, does not cause the truck to
move from side to side. Similarly, if the
plate is flat, but the ‘railway track’ is a
set of Z bends, the truck and the plunger
with it will zig-zag without causing the
plunger to move up or down. The two
separate motions do not interfere with
each other, provided that their direc-
tions are always at 90° to each other.
We can now imagine that both sets of
motions exist, with a wave shaped plate
and Z-bends in the track, causing the
end of the plunger to move in both
directions simultaneously — this is as
close as we can come to showing what

‘takes place on a stereo recording. Im-

agine now that the whole caboodle is
tilted through 45° — and you're there!

fhebagel //——————:
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Figure 3. Groove cross-section - the walls are at 90° to each other, 45° to the horizontal. Each wall is

separately recorded on by a hill-and-dale method.

and dale recording was that the pickup
could not follow the dales at high fre-
quencies; it simply slipped from one hill
to the next. Blumlein suggested that the
two walls of the disc, set at 90° to each
other (and at 45° to the vertical) could
be separately modulated, and this is the
scheme which was eventually used.

Degrees Of Stereo

Now earnest students of ‘O’ level
physics will have realised what the
significance of 90° is in all this, but

Figure 4. How forces at90° to each other can pro-
duce movement at45° to each force. §
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MOVEMENT
OF TRUCK

Figure 5. Independent movements which do not affect each other. The vertical motion in (a) is quite
separate from the horizontal motion of (b), butif the two are combined, the plunger will have both types

of motion simultaneously.

Fantasy Sounds _

By the early thirties, all of the methods
for obtaining and transmitting stereo
had been worked out. The sum-and-
difference coding for radio had been
contributed by Blumlein, the 45°/45°
disc was his work as well, and the third
system, separate channels on tape was
still waiting for further development of
tape recorders.

There, for some reason, it rested. it
was as if people couldn’t take any more
novelties, or perhaps that everyone
sensed a coming war. Whatever hap-
pened, stereo sound didn’t change, at
least as far as the home user was con-
cerned. Where it all started to happen
was where there was money to- play
with, in the film world. The historic date
was 1935, when the Bell Telephone
Laboratories demonstrated before the
Society of Motion Picture Engineers
(SMPTE now, the T standing for Televi-
sion) a stereo sound system for films, us-
ing twin tracks of the conventional type.
It made some impression, but only on a
few dedicated engineers. The big break-
through came only in 1941 when Walt
Disney Studios made Fantasia, a film of
such remarkable originality that it still
goes the rounds today. The theme of
Fantasia is the fitting of cartoons to
music, and Disney’s engineers, who had
heard the demonstrations in 1935, were
convinced that a very large step for-
ward in cinema sound was desirable.
They certainly achieved it, after ump-
teen experiments and as many as ten
full scale attempts, they ended up with
an eight channel recording system.
Their idea, later expressed in an article,
was that if this improvement in sound
was to catch the attention of the public
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it must be a dramatic improvement —
there was no point in spending a million
dollars in making something just slight-
ly better. it's a principle that a lot of in-
ventorsought to remember!

Fantasia certainly made its mark in
the USA. No cinema carried the equip-
ment necessary to reproduce the sound
tracks, so the Disney Studios devised
travelling sound systems, which had to
be carted to each cinema and set up
where a copy of the film was playing.

Coils And Cutters

By the mid ’50s everyone was waiting
for stereo to happen, and there were
countless proposals, ranging from the
well-researched to the simply silly, lined
up. As usual someone had to break the
ice and take the first step into the water.
The someone in this case was that
champion of all the innovating com-
panies in electronics, RCA. At that time,
virtually all the disc cutting heads were
made by one company, Westrex, a
branch of Westinghouse. In 1957 RCA
instructed Westrex to make them a
45°/45° stereo cutting head — with the
option that if they didn’t, RCA would
start manufacturing the heads
themselves. It was an offer Westrex
couldn’t refuse, because several other
companies were already in the business
of developing such cutters, notably
Telefunken in Germany, Decca in Bri-
tain and Orotofon in Denmark. Westrex
went ahead to develop a type of cutting
head which, with later refinements, is
still in use today.

The Westrex head uses two separate
moving coil assemblies. The moving-
coil principle is an old and well known
one in the history of disc cutting and

reproduction, and is illustrated in Fig.6.
A coil is driven with signals, and its
magnetic field, which increases and
decreases in step with the signal cur-
rent, causes variable forces on an iron
core. If the coil is suspended on springs,
it will move in sympathy with the varia-
tions in magnetism, so producing a
mechanical movement which keeps in
step with the waveform of the signal.
This is the motion which is used to
operate the cutting stylus, and the
Westrex arrangement consisted of two
moving coil drives (or motors, as they
are called) set at 90° (Fig.6).

COILS

“ SUSPENSION
SPRING

Figure 6. Front view (simplified) of a classic type
of stereo cutter. The two coils are driven in direc-
tions at 90° to each other, so producing a 90° cut
by the stylus.

Once the Westrex stereo cutter went
into production, the manufacturing of
stereo discs became possible. By that
time, the microgroove longplay disc
had been developed also, and the
modern stereo disc became areality.

Through The Air
Stereo radio, as we’ve seen earlier, ac-
tually started much earlier than stereo
discs, though the systems which used
separate channels broadcast on
separate wavelengths were not com-
patible. Compatibility is always a pro-
blem which tends to prevent new
systems from being developed for any
established process. The argument is
that the customer already has equip-
ment which mustn’t be made out of
date. The fact that advertising is con-
tinually trying to tell the same
customer that his equipment is out of
date is conveniently ignored. The com-
patibility problem has affected two
systems in particular — stereo radio
and colour TV. The argument in each
case was that the existing owner of radio
or TV should continue to be able to
receive the same transmissions. This
was a reasonable argument in the USA,
where millions of customers had mono
radio and black/white TV, but it looked
a bit less plausible in Britain where few
people had FM radio, and the colour TV
was to be broadcast on UHF, on a new
standard which required new receivers
anyway!

The two-transmitter method of
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transmitting stereo is therefore a dead-
duck as far as compatibility is concern-
ed, and any scheme for transmitting
what should be high quality signals on
medium wave is a lost cause anyway.
It’s ironic that the only music on BBC
medium-wave, which needs a reason-
able bandwidth and quiet background,
has just been shifted to the most un-

-suitable of all the wavelengths, 247
metres. Perhaps they don’t really care
any more!

As it happened, the first FM transmit-

ter had been built by the beginning of
World War |l, by Edwin Armstrong, in-
ventor of frequency modulation, and in
the post-war years, FM transmitters
multiplied rapidly in the USA. The users
of FM tended to be listeners who were
_interested in higher quality reproduc-
tion of music, so the FM transmitters
were seen as the natural medium for
stereo transmissions. The bandwidth of
an FM broadcast is much greater than
that of medium wave, however, and
this, along with the compatibility pro-
blem, rules out the use of transmitting
each channel on aseparate frequency.

Transmission Systems

Once again, the field was open to inven-
tors to devise methods of modulating
the two channels onto one single carrier
in such a way that an existing .one
million radios would continue to
receive an acceptable signal, but a
specially adapted stereo radio would be
able to separate the two channels. A
large number of proposals were put for-
ward mostly hinging on the use of a sub-
carrier. A subcarrier is a sinewave which
can be modulated by a signal, and
which is then, in turn, modulatedonto a
main carrier along with other signals.
This time, the systems had to pass the

FM
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scrutiny of the Federal Communica-
tions Commission, the body which con-
trols broadcasting technical standards,
and it showed! The FCC had previously
insisted (1953) that any colour system
should be compatible, and it certainly
wasn’t going to make its rules any easier
for half-baked schemes to provide FM
stereo.

The system which was eventually
chosen was the Zenith Radio, General-
Electric joint submission. This is the
stereo system which, unlike the NTSC
colour system, is used world-wide with
only minor modifications, and a brief
reminder of its principles might be
useful.

The Zenith GE system (Fig.7) relies’

on Blumlein’s principle of sum and dif--

ference signals, L + Rand L — R. The
sum signal, L + R is frequency
modulated onto the main carrier in the
usual way, so that the user of mono
equipment has the same signal input to
his receiver as he had before. The carrier
is also modulated with two other
signals. One of them starts as a subcar-
rier at 38 kHz, which is amplitude
modulated by the difference signal,
L — R. The subcarrier is then removed,
leaving only the modulated sidebands,
mainly low amplitude, to be modulated
onto the main carrier. The third signal
which is modulated onto the main car-
rier is a low amplitude sinewave at
19 kHz, which is obtained at the
transmitter by dividing down the 38 kHz
subcarrier frequency.

At the receiver, these signals can be
separated without much difficulty
(Fig.8). Amono receiver detects only the
sum signal, with its normal de-emphasis
circuits (low pass filter) removing the
19 kHz sinewave (the ‘pilot tone’) and
the sidebands of the sub-carrier. A
stereo receiver uses no filtering im-

MHz

.MODULATED BY

L+R SIGNAL
38kHz SIDEBAND
19k Hz SIGNAL

Figure 7. Stereo transmission. Three signals are
modaulated on to the main VHF carrier. One is the
usual (mono) L + R audio signal, one is the
sidebands of the subcarrier (carrying L-R), and the
third is a low-amplitude 19kHz sinewave which is

Story Behind Stereo

mediately after the demodulator, so
that the pilot tone can be detected,
amplified and frequency doubled to
38 kHz again. This newly regenerated
carrier frequency can now be used to
demodulate the subcarrier sidebands (a
method called synchronous demodula-
tion is used)to recoverthel — Rsignals.
The L + R and L — R signals can be
combined to provide the L and R signals
which are the stereo channel signals.

OnTape

Tape recorders? Oddly enough, though
stereo on tape was used comparatively
early by the manufacturers of discs,
stereo tape for the home user came a lot
later. The use of tape was only ever a
minority interest in any case, apart from
the brief craze for tape-recording in the
early sixties, until tape became capable
of providing better quality sound at
reasonable prices. Though stereo tape
recorders eventually became available,
with such excellent machines as the
Revox providing considerable competi-
tion to the best of discs, tape stereo still
remained a minority pursuit. Things
stayed this way until the cassette
developed four channels and efforts
were made to sort out the miserably
poor signal-to-noise ratio.

Because commercially-made stereo
cassettes could be bought, unlike stereo
tapes, stereo on cassette flourished
despite its technical shortcomings.
Rapid development ensured that
whatever stereo equipment you bought
one year would be out of date by the
next year, so keeping manufacturers
keenly interested in research. In some
cases, the research simply resulted in
more shiny cases with less inside them,
but some very important advances
were made in tape material, in circuit
techniques (such as Dolby and dbx), and
in convenience (such as being able to
set up the recorder easily for different
types of tape). Because cassette stereo
was the most recently developed stereo
system, it’s still developing, trying to
reach nearer perfection before the next
big breakthrough.

The next one? There are digital tapes,

AM
sed for decoding at the receiver. .
YT 3 NEECHE B gHifc receiver laser—read discs, and presumably, laser-
l K SELECT read tapes all being developed, all with
L*R + iz . . . .
OSCILLATOR OTHERS L+R the promise of high packing density
=1 > (lots of music in a small space) and very
=T low noise levels. That doesn‘t mean that
DETECTOR . g manufacturers have learned from early
mistakes — there are as many systems
Figure 8. At the receiver, the 19kHz sinewave is v DOUBLER MATRIS competing now as ever were, some with
selected by filtering, and then frequency-doubled | R such obvious flaws thgt it's dlfflcult to
1o 38kHz so that it can be used to demodulate the imagine they were being seriously put
sidebands of the subcarrier signal. Once the L-R \ forward except as a way of keeping a
signal has been recovered in this way, it can be I . : .
combined with the L+ R signal to form separate L svcHronous | 5= ° place in a queue. All we can do is wait
and R signals. CERPBDLATON and hear! HE
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The jatest from the U.S.A.
HE MICROBER/C | piNBALL WIZARD

(2PCB’s and all PCB components) #Still available #
c B _' c B c B Featured in Nov. issue of E.T.I.
' 2 = . Home TV Game — B/W Kit
AERIALS AND ACCESSORIES Basic Kit £28.90
Cutter mount . .. ... £15.,95, Contains everything except box and
Boot/Roof /Wing moum . £19.95 controls .
Traditional Fibreglass Whip  £14.95 Box & Controis £6.50. P.S.U. £3.90
AM/FM/CB Retractable .. £25.95 CEH Car Alarm Kit £18.90
CB Electric Retractable . £29.95 Chroma Chime 24 tune door chimes kit"
AM /FM /CB Electric Ret . £39.90 £€10.75. Built £15.95
‘Roof mount 20’ Glass Whip £198.95 SINCLAIR SC110 10MHz scope . . .
SWR/Power/F.S. Meter . £24.95 £145.25
SWR/Power Meter . . £12.95 PFM 200 Digital Frequency Meter .
Pre?Amp 20db gain 3 £19.95 . £52.00
Splitter Box . . . ... £9.95 3" § MHz Oscilloscope . £113.85

Linear Amps from £€59.95 4" 5 MHz Oscilloscope . . £139.90
27 MHz Monitor + AM/FM  £18.65 5" 10 MHz Oscilloscope . £€169.90

#These are a few of the items availablew ATAR' E‘ 38

COMPUTERS—HOME
ELECTRONIC
GAMES BUSINESS, ETC

Pet 8k . £458.85
Star Chess T/V game £€63.35 Pet 16K . £573.85
Database Prog T/V game . £89.95 Pet 32K . £790.00 s
Chess Challenger 7 . £99.00 Superboard 11 4K . £172.45
Chess Challenger 10 .. £160.00 UK101 kit 4K . £228.85
Voice Challenger £230.00 UK 101 Built 4K . £286.35
Chessmate 8 level . £59.95 Superboard/UK101 case . £33.80
éodnac Astrology Compu(er 229.:: Nascom 2 kit £339.25

lectronic Mastermind . . . i14. TRSB0 16K Level Il . £409.40
Supersonic Mastermind. New £21.00 H14 line printer kit . £410.00
Mattel Subchase. New ... £17.90 5% disc drive for TRSBO ~ £271.40-
Mattel Armor Battle. New £17.90 Computer Books . Hgiave.

Enterprise4in1 . .. £22.80 1t - Pet/TR
Galaxy Invaders. New . £22.95 3‘(::. 100 SIRIANG S A e

Radio Control M odels—Various Exody Sorceror 16/32/48K from

£860.00°
Ball Clock as H.E. offer. Kit £24.95, or Renumber prog. 101 .... £4,00
ready-built £29.95, Free — Advice/Demonsirations/Cotee

S.a.e. enquiries. Please allow up tg 21 days for delivery. ALL PRICES INCLUSIVE

' J
HIIIE?

61 BROAD LANE, LONDON N.15 4DJ
Day 01-808 0377; Eve 01-889 9736

Huv nwih Mo |-

GEC AM/FM STEREO TUNER
AMPLIFIER CHASSIS. Originally de-
signed for installation into a music centre
Supplied as two separate built and tested
units which are easily wired together.
Note: Circuit diagram and interconnec-
ting wiring diagrams supplied. Rotary
Controls: Tuning, on/off volume,
balance, treble, bass. Push-button con-
trols: Mono, Tape, Disc, AFC, FM (VHF),
LW, MW, SW. Power Output: 7 watts
RMS per channel, at better than 2% THD
nto 8 ohms. 10 watts speech and music.
Frequency Response: 60Hz-20kHz
within +3dB.Tape Sensitivity: Output
— typically 150 MV. Input — 300 mV for
rated output. Disc Sensitivity: 100mV
{ceramic cartridge). Radio: FM (VHF),
87.5MHz — 108MMHz. Long wave
145kHz — 108kHz. Medium wave,

B.K. ELECTRONICS

Whiteh dows, Eastwood, Leigh-on-Sea, Essex SS9 5TY

BAR(U ] 4 SAE for carrest Nsts & Ofticial ordi

mciude VAT w Msil ordar only % Al ile:
W

in special el

-
| VISA | iwsniment pions

520kHz — 1620kHz. Short wave.
5.8MHz — 16MHz. Size: Tuner — 2%in.
x 15in. x 7' in approx. Power amplifier —
2in. x 7%in. x 4%in. approx. 240V AC
operation. Supplied complete with fuses,
knobs and pushbuttons, and LED stereo
beacon indicator. Price £21.50 plus
£2.50 postage and packing.

STEREO CASSETTE TAPE DECK
ASSEMBLY. Comprising of a top panel
assembly and tape mechanism coupled to
a record /play back printed board assem-
bly. For horizontal installation into cabinet
or console of own choice. Brand new,
ready built and tested. Features: Pause
control, auto stop. 3 digit tape counter,
illuminated twin VU meters with in-
dividual level controls, twin mic, input
sockets, AC erase system, LED record
indicator. (Separate power amplifier re-
quired). Input Sensitivity: 8§ MV (with
level control set at max.). lnput Imped-
ance: 47kOhms. Output Lavel: To both
left and right-hand channels 150 MV.
Output Impedance: < 10K, Signal to
noise ratio: 45 dB nominal. Power
Supply Requirements: 12V AC at
300M/A. Connections: All connections
to the unit are via a wander lead termin-
ated with nine-pin plug (socket provided).
Dimensions: Top panel — 11%in. x
6%in. Mechanism fits through a cut out
5%in. x- 10%:2in. Clearance required under
top panel 2%in. Supplied complete with
circuit diagram etc. Price £30.50 plus
£2.50 postage and packmg Suitable 12V
mains transformer £3.00

walcoms % All prices

cked (where applicable)

srs welcoms ¥y prior
.

64mm 80 110p
64mm 64 N1 110p
70mm B {1 140p
85p 7805 S6mm 81 100p 70mm 801 170p
7812 Pair of ultrasonic transducers 380p
85p 7815 Magnetic earphone + 3.5mmplug 17p

TIC246 16A 400V Triac 115p Crystal earphone + 3.5mm plug ~ 48p
C1060D 4A 400V SCR ‘

Chassis  Line
Preset ver. or hor. DIN Socket  Soacket
Rotary 5K-1M Log or . .33 2 pin 8p 12p
Rotary 5K-1M stereo . 3 pin 10p 12p
Slide 60mm travel 5K-500K Iog S pin 180 1p 16p

TIP30C  70p
TIP2955 65p
TIP3055 60p
2TX107 12p
ZTX108 12p
8CY71 2TX109 12p
8D131 2TX300 14p
8D132 2TX500 15p
8D139 2N3053 25p
8D 140 2N3055
BFX29 2N3702
BFX384 2N3703
BFY50 2N3704
BFY51 2N3819
MJ2955 2N3905
TIP29C 2NS777
DIODES
1N914  4p 1N4148
1N4001  4p 1N4002
1N4006  7p 1N5401
BZY88 series 8p each.

or Lin, single 65 JACK Scr, plug Socket
Suitable knobs for above with colouved 2.5mm 9p
caps in red, blue. green, grey, yellow 3.5mm 9p
and black. Rotary 16p. Slide 12p each. std. 22p

Stereo 250 ‘
— FFERS 10 x TLO81 op. amps 350p 7106

SPECIAL 0 100 x TN4148 1800 | cA3046 70p

20 x 1N4001 diodes 70p CA3080 75p
2708 EPROM . . 20 x 0.125red LED's . 150p CA3130 100p
AY5-1013 UART - 20 x 0.125 green LED's . 260p CA3140 60p
TDA1022 Delay line 20 x 0.125 yellow LED's 260p LF347 170p
MM57160 STAC timer . 4 x HP7 rechargeable cells . 500p LF351 45p
SN76477 Sound generator . 3 x LM339 Quad comp. . 140p LF353 90p
NES67 Tone decoder . 10 x 2N3707 transistors 50p LF356 95p
LM318N Op. amp. . 10 x BC157 transistors . 60p LM301A 30p
5x C106D SCR . . . 10 x Miniature slide switches . LM318 85p

LM324 52p MM57160 650p
LM339 55p NE531 140p |
LM348 100p

LM377 170p

LM378 230p

LM380 85p )

LM381 140p SN76477 230p
LM382 120p TBA800 80p
LM386 90p TBAB10 110p
LM387 120p TDA1022 630p
LM1458 40p TLO81 45p
LM1830 180p TLOB2 85p
LM3900 60p TLO84 125p
LM3909 72p XR2206 390p
LM3911 120p 2ZNa14 80p
LM3914 320p ZNA25E  475p

4070
4071 25p

Low Profile
Texas
9% 22pin 209'
11p 24pin 22p
12p 28pin 26p
16p 40pin 38p

0.125in. 0.2in.
TIL209 TIL220 10p
TIL211 TIL22% 16p
TIL213 TIL223 16p
3p 3p
0.3in CC 130p
0.3in CA 130p
FND500 0.5in CC 100p

LM3915 320p 0.1,0.15, 0.22, 0.33, 0.47,0.68.1

4 x FND50O0 displays 20 x 8 pin DIL sockets . 160p
3 x 7905 or 7912 3 3 x 4P3W rotary switch 100p
2 x CA3046 arrays o 10 x TO5 heatsinks ;

Send 50p for your copy of our catalogue, containing 100 #lust- r\_ Yew resistors. 10 of each value 4, 7ohm 10 1 Mohm

and 2.2ufF @ 35V

Specially designed packs Intend- 4.7,6.8, 10uF @ 25v .
ed for development work at a 26 16V, 47 @ 6V, 100 @ 3v
considerabte saving. POLYESTER (Mullard C280 series|

0.01,0.015, 0.022, 0.033, 0.047, 0.1 .

rated pages detailing over 3000 line iterns. You will recieve: a total of 850 resistors. 530p each. 0.15,0
———

+ A mail order form to facilitate rapid despatch Yw resistors. 10 of each value 4.7ohm to 1 Mohm

0.33, 0.47

= A 50p discount voucher. a total of 650 resistors. 875p each. RADIAL LEAD ELECTROLYTICS
All prices include VAT. Please add 50p carriage on all orders Presets. Pack of 5 of each value from 100ohms to 63V

T <o €15 Minimum order £5. : 3 1 Megohm. a total of 65 presets. 390p each.
VISA Access & Barclaycard welcome b LED's. Pack containing 10 of each colour LED 25V
S| sales office: 01-464 5770. 0.2 size. Total of 30 Led's + clips. 450p each.

Zeners. Pack of 5 of each value from 2V7 to 33V
Mail orders 10 STEVENSON (Dept HE) a total of 130 zeners 780p each.

047 1.0 22 437 10
33 a7

10 22 a7

100
470
1000

76 College Road Bromley, Kent BR11DE.
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CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

It's faster and more thorough than classroom learning: you pace yourself and answer questions on each new aspect as
yougo. This gives rare satisfaction— you know that you are really learning and without mindless drudgery. With a good

self-instruction course you become your own best teacher.

Understand Digital Electronics

In the years ahead digital electronics will play an increasing part in
your life. Calculators and digital watches mushroomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mail.

After completing these books you will have broadened your career
prospects and increased your knowledge of the fast-changing world
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £7.00

This course is designed as an
introduction to digitai electronics and
is written at a pace that suits the raw
beginner. No mathematical
knowiledge is assumed other than the
use of simple arithmetic and decimals
and no electronic knowledge is
expected at all. The course moves
painstakingly through ail the basic
concepts of digital electronics in a
simple and concise fashion: questions
and answers on every page make sure
that the points are understood. '
‘Everyone can learn from it - students, engineers, hobbyists,

housewives, scientists. Its four A4 volumes consist of:

Book 1 Binary, octal and decimal number systems; conversion between number systems;
conversion of fractions; octal-decimal conversion tables.

Book 2 AND, OR gates; inverters; NOR and NAND gates; truth tables; introduction to
Boolean algebra.

Book 3 Positive ECL; De Morgans Laws; designing logic circuits using NOR gates: duakinput
gates.

Book 4 Introduction to pulse driven circuits; R-S and J-K flip tlops; binary counters; shift
registers; half-adders.

DESIGN OF DIGITAL SYSTEMS £12.50

This course takes the reader to real

proficiency. Written in a similar )
question and answer style to Digital
Computer Logic and Electronics, this
course moves at a much faster pace
and goes into the subject in greater
depth. Ideally suited for scientists or
engineers wanting to know more
about digital electronics, its six A4
volumes lead step by step through
number systems and Boolean algebra
to memories, counters and arithmetic
circuits and finally: to an
understanding of calculator and

computer design.
Book 1 Octal, hexadecimal and binary number systems: conversion between number
systems; representation of negative numbers; complementary systems; binary multiplication
angd division.

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND, NOR and exclusive-
NOR functions; multipie input gates; truth tables; De Morgans Laws; canonical forms; logic
conventions; karnaugh mapping; three state and wired logic.

Book 3 Half adders and full adders; subtractors; serial and parallel adders; processors and
arithmetic logic units (ALUs}; multiplication and division systems.

Book 4 Flip flops; shift registers; asynchronous and synchronous counters; ring, Johnson
and exclusive—OR feedback counters; random access memories {RAMs) and read only
memories (ROMs}.

Book 5 Structure of calculators; keyboard encoding; decoding display data; register
systems; control unit; program ROM; address decoding; ir ion  sets; ir ion
decoding; controt programme structure.

Book 6 Central processing unit {CPU); memory organization; character representation;
program storage; address modes; input/output systems; program interrupts; interrupt
priorities; programming: assemblers; computers; execulive programs; operating systems and
time sharing.

Flow Charts and Algorithms

are the essential logical procedures used in ail computer programming
and mastering them is the key to success here as well as being a
priceless tooi in all administrative areas -presenting safety regulations,
government legislation, office procedures etc.

THE ALGORITHM WRITER’S GUIDE £4.00

explains how to define questions, put.them in the best order and draw
the flow chart, with numerous examples.

-0

T .Dliotiter.':'_‘ e
igital Computer itey
Logic and
Electronics

GUARANTEE No risk to you.

If you are not completely satisfied, your money will be refunded upon
return of the books in good condition.

CAMBRIDGE LEARNING LIMITED, UNIT 86

RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON,

CAMBS., PE17 4BR, ENGLAND.

TELEPHONE: ST. IVES (0480) 67446

Alt prices include worldwide postage {(airmail is extra - please ask for
prepayment invoice).
Please allow 2B days for delivery in U.K.

Microcomputers are coming - ride
the wave! Learn to program.

Millions of jobs are threatened. but
millions more will be created. Learn
BASIC - the language of the small
computer and the most easy-to-learn
computer language in widespread
use. Teach yourself with a course
which takes you from complete
ignorance step-by-step to real
proficiency with a- unique style of
graded hints. In 60 straightforward
lessons you will learn the five
essentials of programming: problem
definition, flowcharting, coding the
program, debugging, clear
documentation. Harder problems are
provided with a series of hints so you
never sit glassy-eyed with your mind a blank. You soon learn to tackle
really tough tasks such as programs for graphs, cost estimates,

compound interest and computer games. .
COMPUTER PROGRAMMING IN BASIC
£9.00

Book1 Compulers and what they do well; READ, DATA, PRINT, powers, brackets, variable
names; LET; errors; coding simple programs.

Book 2 High and low level languages; flowcharting; functions; REM and documentation;
INPUT, IF....THEN, GO TO; limitations of computers, problem definition.

Book 3 Compilers and Interpreters; loops, FOR....NEXT, RESTORE: debugging; arrays;
bubble sorting; TAB.

Book 4 Advanced BASIC; subfoutines; string variables; files; complex programming;
examples; glossary.

THE BASIC HANDBOOK £11.50

This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many variations that occur in
BASIC terminology. The dozens of BASIC 'dialects’ in use today
mean programmers often need to translate instructions so that they
can be RUN on their system. The BASIC Handbook is clear, easy to
use and should save hours of your time and computer time, A must
for all users of BASIC throughout the world.

A.N.S. COBOL £4.40

The indispensable guide to the world’s No. 1 business language. After
25 hours with this course, one beginner took a consulting job,
documenting oil company programs and did invaluable work from the
first day. Need we say more?

ORDER FORM

Ptease send me the following books:-

... Digital Computer Logic & Electronics @ £7.00

Design of Digital Systems @ £12.50

..... Algorithm Writer's Guide @ £4.00

... Computer Programming in BASIC @ £9.00

BASIC Handbook @ £11.50

............ ANS COBOL @ £4.40

.. Your Booklist (Free)

*cheque/PO payable to Cambridge Learning Ltd.

(*delete where applicable)

i enciose a
for €.
Please charge my:

*Access/American Express/Barclaycard/Diners Club/Eurocard/Visa/
Mastercharge/Trustcard

Credit Card No..

Signature
Telephone orders from credit card holders accepted on 04BO 67446
(Ansafone).

Overseas customers {incl. Eire) should send a bank draft in sterting drawn
on a London bank, or quote credit card number.

Cambridge Learning Limited, Unit 86, Rivermill Site
FREEPOST, St. tves, Huntingdon, Cambs PE17 4BR, England.
{Registered in England, No. 1328762}




Battery

Eliminator-

Don't let the soaring price of batteries worry you. Save your hard earned pocket
money with the help of this simple project

IF YOU HAVE batterypowered equip-
ment or projects and seem to be con-
stantly buying cells, then the HE Battery
Eliminator is just the job for you. The
project gives a variety of switched out-
put voltages — 5,9 and 12V, on our
prototype — with a maximum output
current of over 1 A, from mains 240

V AC. A single IC gives excep-
tionally good regulation to the required
voltage and makes the project short-
circuit proof — it virtually cannot be
damaged, provided all components are
inserted correctly. The use of this IC, the
LM317T, makes the circuit extremely
simple to build and operate. Qutput
voltage is set by the value of only two
resistors, so a wider range of voltages
can be obtained, if you wish, simply by
susbstituting different resistor values in
their place. Connection to your battery-
powered equipment is made with a
suitable length of two-core flex with the
correct plug on the end. If, like us, you
intend to use the Battery Eliminator with
a variety of equipment then a 4-way
power plug, which gives a choice of dif-
ferent connections, is an advantage.

Construction

The HE Battery Eliminator is built on
Veroboard, so you should take the usual
steps when constructing the circuit.
Follow the overlay diagram carefully,
making all links before you insert any
components.

Mark and drill the case for all swit-
ches, grommets etc., and be careful
when wiring up the project because of
the 240 VAC mains connection. Although
the low voltage, secondary side of the
circuit is isolated by- the transformer, the
primary side is potentially dangerous.
Cover all connections with heatshrink
sleeving to give protection.

carefully and use grommets and cable
ties, thus preventing the mains cable
from being pulled out or shorted to the
case. Remember to fasten the mains
earth to the transformer mounting bolt
using a solder tag so that the whole
metal case of the project is at earth

potential. Note how IC1 is fastened to

the case. A mica insulating was ner must

The secondary output of T1 provides an AC
voltage of approximately 12 V. This is full-
wave rectified by BR1, a bridge rectifier, to
DC and capacitor C1 smooths the voltage toa
fairly constant level of about 16 VDC.

IC1. is a device known as a voltage
regulator, which provides a very constant out:
put voltage, regardless of its input voltage
(bearing in mind that the input voltage should
always be higher than the required output).
The IC develops a reference voltage of 1.25 V
between its output and adjustment terminals,
ie across resistor R1. The value of R1 is 270R,
hence from Ohm's Law:

How it Works

be used to provide electrical isolation
with good heat conduction. A spot of

heat sink compound wouldn’t go amiss

here, if you have any — but it's not
essential.

Finally, once you have finished wir-
ing up and have thoroughly checked the
project through you can switch on and

test it.

This current also flows through one of the
three switched resistors R2, 3 or 4, depending
on the position of switch SW2. Again from
Ohm's Law the voltage across, for example,
the resistor R2 is given by:

VR, = 4.6 mA x 820 = 3.77 V
Therefore, the total voltage from the 0V line
to the +V line(the output voltage) is:

3.77 + 1.25 = 5.022 V

The calculations for the other two resistors are
similar.

Any other voltage within the range 1.25 to
14 VDC can be supplied by IC1 (given that its
input voltage is always more than its output)
with the appropriate resistors in circuit.
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Figure 1. The Battery Eliminator circuit diagram. IC1

Follow the connection diagram keeps the circuit simple yet gives good regulation
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———Buylines —

IC1 is the only component which you may
have problems finding from your local sup-
plier. Mail order companies who advertise
with us should be able to help. The total cost
of components (excluding case) will be ap-
proximately £8.

The case we used is one of a range obtain-
able from Tandy. The stock number is 270-251
and the range is well worth a look, being very
good value for money.

___Parts List

RESISTORS (All 4 W,5%)

R1 270R

R2 820R

R3 1k5

R4 2k2

CAPACITORS

c1 1000u 25V printed circuit
mounting electrolytic

C2 10u 16V tantalum

(o] 1u 16V tantalum

SEMICONDUCTORS

1C1 IM317T

BR1 1A 50V bridge rectifier

D1,2 1N4001 1A diode

MISCELLANEOUS

FS1 1A fuse + holder

Swi1 double-pole, double-throw toggle
switch

SwW2 1-pole, 3-way rotary switch

T 240/12V, 6VA transformer

case to suit(see Buylines)

mains neon

grommets, cable ties, insulating washer
knob to suit
10strip x 24 hole Veroboard

FRONT PANEL

NEON Tt

SW1

Figure 4. Connection details. Take care with the mains side of the circuit — heat-shrink

sleeving is agoodidea
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,’

Figure 2. You can see how tightly packed the project is

Figure 3. Veroboard layout of the HE Battery Eliminator. The diagram of the underside
shows where the breaks in track should be
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C300/ES200

high performance electronic ignition to add power,
economy, reliability, sustained smooth peak perfor-
mance, instant all weather starting, to your car.

Surefire bas sold in its thousands in ready made form from big
name accessory firms, butitis now available in quality kit form to fit all
vehicles with coil ignition up to 8 cylinders.

ES200.A high performance inductive discharge ignitionincorporating
a power integrated circuit {special selection}: electronic variable dwell
circuit (maximises spark energy at all speeds): pulse processor
(overcomes contact breaker problems). Coil governor (protects coil}.
Long burn output. Negative earth only. Compatible with all rev. counters.

€300. Init’s ready built form (C3000) it came top of all systems tested
by an independent national authority July ' 79. A high energy
capacitive discharge igmtion incorporating a high output short circuit
proof inverter, top grade Swedish output capacitor, pulse processor
circuit, transcient overload protection. Fast rise bidirectional output
ideal for fuel injection, sports carburation, olly engines. Compatibie with
most rev. counters. (Low cost adaptors available for rare cases.
Application list enclosed with each kit. Note: Vetiicles with Smiths/

- Jaeger rev. counters code RVI on dial will require adaptor type TCI).

What's in the kits. Surefire's own precision anodised aluminium
extruded case. P.C. mounted security changeover switch, static
timing light. Special selection Motorola semi-conductors. Capacitors,
resistors etc. selected after 5 years experience. Glass fibre pcb, solder,
complete down to last washer.

Fully illustrated comprehensive instructions
and full technical back up service.

Keep up to date
with the world’s finest
electronic kits—with.the Heathkit catalogue.

48 product packed pages contain
photographs and specifications of the widest
possible range of kits. Everything from doorbells
to digital clocks, multimeters to microcomputers.

Heathkit make it easy to build, easy on your
pocket, and as with 13million Heathkit builders
over 34 years, your success is gparanteed.

Make sure of your copy of the Heathkit
catalogue. Send the coupon today, plus 25p in

To: Heath Electronics (U.K.) Limited, Dept ( HE1 1),
Bristol Road, Gloucester, GL2 6EE.
Please send me a copy of the Heathkit catalogue.

——————————— I enclose 25p in stamps.

Suretron Systems (UK) Ltd. Dept. HES
Bayer Buildings, Lower Bristol Road, Bath, BA2 3EF. Tel: Bath (0225) Name__

332317
Address

Name

Address N.B. If youare already on the Heathkit mailing list you will
atuomatically receive a copy of the Heathkit catalogue} without mgme
3 having to use this coupon, When you receive your i
Ph e h A Barcl, % 2
VA; Zis;g’g /I/’m e clavcar g:au’:::&l catalogue you will get details of this free offer. g
ES200: Neg &~ [£7335 | £1195 | L '
C300: Pos = |f£1795 | £15.95 £ : HEATH
£300: Neg == |£1786 | £1595 Chy No.
Tache Adapt. TC | £3.90 | ]
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Do you know why ICs are usually &
black? Clever Dick thinks he does.
Find out the answer to this and

many other really burning
questions

1 GET ASKED some very silly questions
each month: ‘where can | buy a PP3?" or
‘what does an IC do?. So you can im-
agine what we thought when M Turner
innocently asked ‘why is an IC black?”. It
was | who felt silly when I tried to find
the answer.

Dear CD,

Has it not occurred to you that Inte-
grated Circuits would be a lot easier to
identify if the plastic with which they are
covered were made in different colours.
CMOS for instance would for instance
be a different colour to TTL, linear dif-
ferent to digital and so on. Apart from
anything else it would make the boards a
lot more colourful, why do they have to
beblack?

PS. How about a binder for this super
fantastic idea?

M Turner
Bristol

| started by asking all the incredibly in-
telligent people that work in the office
(the HE staff don’t actually work but the
cleaners were most helpful). After a de-
cent amount of head scratching, no-one
seemed to have any realistic (or prin-
table) ideas. The next step was to phone
up some |IC manufacturers, and so we
chose the big three: Mullard, Texas and
National. As you might have expected
we got three differentreasons,

-a) itaids heatdissipation

b) it keeps out the light which can
upset the operation of the circuit

" ¢) the epoxy resin that is used for IC

encapsulation is cheaper to produce in
black.

If anyone else has any ideas then
please let us know: a binder to M Turner
for a very tricky question.

We seem to have gained a reputation
for finding addresses for manufacturers
of obscure and foreign equipment, and
here is this months plea.

Hobby Electronics, November 1980

Dear Clever Dick,

I have recently acquired a desk type
calculator, made in Sweden by a com-
pany called FACIT. | wonder if you
could give me an address for the com-
pany so that | can obtain some spare
parts and possibly a circuit diagram. |
would be very grateful if you could help
me.

G Acreman
Somerset

This was a relatively easy one to track
down. A quick call to the Swedish Em-
bassy’s trade commission produced
two addresses. In this country you can
call: Facit Addo Ltd., Maidstone Road,
Rochester, Kent. Or if they cannot help
you the Swedish Head Office is at: Facit
ABLtd., 559700, Atvidaberg, Sweden.

Now for something a little closer to
home.

Dear CD,

Just two questions: Concerning the
Auto Probe in September ‘80, my wife’s
pill comes in a bubble pack, would
something like an Aspirin container do
instead?

Secondly, in your sister magazine ETI
in the June issue they featured a project
that could send audio signals down the
mains. There was also a feature concern-
ing house wiring that mentioned that the
mains could also be used for transmit-
ting control signals. How about a similar
circuit (especially the remote control)
sometime in HE for lazy people like
myself?

Finally, thanks for a great mag, I've
bought every one since you started in
November 78 (isn’t that loyal of me?).
Now all | need is a binder to put them all
in...

PS. I think you are the tea boy (or girl).
Dave Hart
Ongar, Essex.

".",/.I:':'-I'I"', /

11117,

You would need the Aspirin for your
headache if you tried to get the circuit
into the little hole that most Aspirin bot-
tles have. Perhaps we'll have a projectin
a bubble-pack soon, you'll just have to
‘control’ yourself and wait to see!

What on earth is the point of printing
a super difficult circuit like that when
our sister mag ETI does it all the time?
By the way, the circuit for a mains con-
trol system will be appearing in ETI in
the next month or three — watchout for
it Now about that binder. They are
available from our offices for the paltry
sum of £3.95 all inclusive. Keep guess-
ing about my identity, you're getting
warmer.
Time now for some quick ones.

... Is it against the law to operate a radio
control jamming transmitter? | want to
stop someone who flies his models over
my house at six o’clock in the morning.
MTF

London

Yes itis and don’t do it, you'll kill some-
one.

... Can the frequency of a radio receiver
be changed by altering the channel
selectorassembly?

J McEvoy

Merseyside

Sorry, not unless you really know what
you're doing and even then it’s doubtful

Andfinally .

Where can | buy PCBs for Hobby Elec-
tronics projects?

RichardLong

Norfolk

No problem, just look at some of the
advertising in this issue. Most of the
companies who supply kits for our.pro-
jects will be happy to oblige. See you
next month, and please keep those let-
ters short. HE
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Into Digital
Electronics

'Dust off your Eurobreadboard, we have some practical circuits for you to try out
using the theory we covered last month

USEFUL THINGS, gate circuits. In case
you've forgotten last month’s work, we

can make any sort of gate circuit which.

has a 1 at the output for whatever pat-
tern of 1s we want at the inputs. Even if
these were the only kind of digital cir-
cuits we could make, they would still be
useful, but NAND gates can be used to
make an even more useful type of cir-
cuit, called a sequential circuit or flip-
flop.

Practice before theory, this time.
Build the circuit which is shown in
Fig.3.1. The Eurobreadboard switches
and LEDs.are in their usual places, and
the quad NAND gate 74132 has been in-
serted with its pin 1 in line 19A and its
pin 14 in line 19B. The connections are
as shown on the diagram. Looks
familiar? Yes, if you've built multi-
vibrators with transistors you should
recognise this as one of the great multi-
vibrator family. There are no capacitors,
though, so this is a form of bistable; and
all the resistors are inside the |Cs. What
makes this important is that it is a simple
example of a circuit which, although it’s
made out of gates, doesn’t behave like
?ny of the gate circuits you’ve built so

ar.

Figure 3.2 is a blank truth table for
this circuit. Make sure you go through
this table in the order which is given,
otherwise you may miss the important
feature of this circuit. There’s nothing
accidental about the fact that we have
two lines in the truth table for which the
inputs, Rand S, are both at logic 1.

R S Q
(SW1} | (SW2)
1 0

1 1
0 1
1 1

Fig.3.2 Blank truth table for the R-S flip-flop. Make
sure that you go through the truth table in the
order which is shown.

See the difference? WithR=1,S=1,
the output which is monitored by the
LED can be 1 or 0. What does it depend
on? Look at the table again. What
decides the value of the output Q is the
value it had before the inputs changed
toR = 1,S = 1. Now this is quite dif-
ferent from the circuit which we used in
Part Two. In these ‘combinational’ cir-
cuits, the output from the gate circuit
was decided completely by the com-
bination of inputs: If we had a gate

R 208 = circuit with two inputs and one output,
O ~
o 28| [T g2 the output would always be the same
(sw1) R when the inputs were both 1s. The cir-
cuit we're looking at now doesn’t do
this. What counts here is the sequence
238 o E
1c of signals at the inputs, and the output
o s 28 L] P g for R = 1, S = 1 depends on this se-
74132 {LEAVE guence — the signals which were there
UNCONNECTED)
POWER SUPPLY LINKS: RS FLIP-FLOP
198 TO X2 {+Ve)
25A TO Y1 (=Ve) R Q
+5V DOOR AND WINDOW TO ALARM
SWITCHES CIRCUIT

Fig.3.1 The circuit for the B-S
flip-flop, showing the
Eurobreadboard link numbers.

Fig.3.3 Using an R-S latch in a burglar-alarm circuit.
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(0= OFF

1=0N)
R1 S
100R !

i RESET

at the inputs just before this state. If we
hadR =1,S = O beforeR = 1,5 =1,
then Qis 0. If wehad R = 0,5 = 1
before R = 1, S = 1, then Q is 1. Se-
quence, not combination, is what mat-
ters, so that circuits of this type are call-
ed sequentiallogic circuits.

The R-SFlip Flop
This particular one is called the R -S flip-
flop, with R and S meaning Reset (put-
ting Q to 0) and Set (putting Q to 1). It’s
the simplest type of sequential circuit,
but it’'s not used very much because of
two problems. Problem 1 is that we
have to leave out R = 0, S = QO on the
truth table. Why? Well; with that input,
the Q output is 1, and the other output,
marked Q is also 1. Now if we used only
Q, this might not be too serious,
although it's still a nuisance, having
another state which causesQ = 1.Fora
lot of flipflop applications, however,
we use'Q to provide the inverse of Q(so
ifQ=1,0=0andifQ=0Q =1),
saving another inverter. WithR = 0, S
= 0, Q is not the inverse of Q, so our
logic goes bananas. Problem number 2
is that the output changes almost in-
stantly when either input is taken to
logic 0. For a number of reasons which
we’ll look at later, we’d like some con-
trol over this.

When theR -S flip-flop is used, it’s us-
ed as a latch. A latch is our name for a
circuit which will hold a bit(binary digit)
unchanged for a time, a sort of tem-
porary memory. We can set the R - S
latch by making R = 0,S = 1 and reset
it by making R = 1, S = 0, and we can
store the result by keeping both R and S
at logic 1. The outputs Q and Q will stay
as they are as long as power is applied
and R = 1, S = 1; this is the latching
condition.

How about anexample? Imagine the
R - S latch is connected to operate a
burglar alarm (Fig.3.3). The reset button

<
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has been pressed, makingS = 0,R = 1
momentarily, so that the output Q is at
logic 0. When the button is released,
R = 1,S = 1 foras long as the door and
window switches remain intact. Break-
ing contact on any one of these swit-
ches, even momentarily, will cause the
input R = 0 because of the ‘pull-down’
resistor R1. This makes Q = 1, and this
condition will remain latched even
“when R = 1, causing the alarm to sound
until the switches are all closed and the
reset button pressed. The ‘pull-down’
resistor is needed because without it a
TTL input will remain at logic 1 if the
connections to it are broken. Another
way in which the R - S flip-flop is used is
to control a gate in a counting circuit —
the gate can be ‘opened’ by a push but-
ton which sets the output of the flip-
flop, and closed by an ‘end-of-count’
pulse. The important point is that the
R - S flipflop can be changed over by a
very brief pulse at one input, and the
output canthen be heldin its new state.

D-lightful D-ifference

So much for the R - S flip-flop. Inciden-
tally, there seems to be no particular
rhyme or reason about how the inputs
are labelled. Some texts show the R in-
put to the gate whose output is Q (the
scheme we’ve used here), others show
the R input to the gate whose output is
Q. It doesn’t really matter which way
round it is, so long as you know the ac-
tion — a zero at one input will cause a
change at the output, and when the in-
puts are both at logic 1, the output is
held latched. An R - S made from NOR
gates, by the way, has just the opposite
action, latchingwhenR = 0,S = 0 and
changing when either input goes to
logic 1. Just as well we don’t make much
use of them!

We make a lot more use of the next
chip, a D-type flip-flop. The example we
have is a 7474, and it involves us in a lot
of new ideas, one of which is clocking.
Start by setting up the circuit in Fig.3.4.

560R

ANV

208
7B (LED1)
ar0u L¥ :lff};a

74132
Y1

POWER SUPPLY LINKS FOR 74132:
198 TO X2 {+Ve)
25A TO Y1 (—Ve)

Fig.3.4 A pulse generator which makes use of the
7418132 IC. Don't be tempted to use larger
resistance values.

{sw1)
c8

TO 228
-(ASIN FIG 3.4}

138 - 5 168 18
{LED4)
148
_—1 CK
QF  POWER SUPPLY LINKS FOR 7474:
17A TO Y1 (—Ve)

We have removed the connections bet-
ween the 74132 and the switches, and
substituted the 560R feedback resistor,
and 470ufF capacitor. Please note, you
can’t use this circuit with just any old
gates. Only the 74132 NAND gate, the
7413 (also NAND) and the 7414 (hex in-
verter) can be used this way, because
they are all of a type called Schmitt
gates — more of that later.

Now switch on, and see what LED 1
is doing. If you are so lucky as to get a
quick flash at intervals, that’s it! The
output of this circuitis a pulse, a change
from logic 0 — to 1 — to 0 which
recurs at regular intervals. Because it
ticks away so regularly, we callitaclock
pulse.

For any sort of sequential circuit
beyond the simple R - S type, a clock
pulse is essential. The reason is that the
clock pulse can be made to control
each step in the sequence, so that any
changes which take place will always
take place at some particular part of the
clock pulse, either the leading edge (the
start of the pulse) or the trailing edge
(the end of the pulse). This avoids a lot of
problems which can arise because of
time delays in gate circuits. A single
NAND gate will usually manage to res-
pond to an input in about 30 nano-
seconds (that’s 0.03uS). That's fast, but
suppose you have a circuit which uses
two signals, one of which has come
from one single NAND gate and the
other of which has passed through
about ten NAND gates. No prizes for
guessing which signal gets to the circuit
first, but suppose we need to wait until
both of them are present? A circuit
which operates from clock pulses (a
clocked circuit) has a built-in time
delay, the time between the clock
pulses. We could arrange the circuit so
that the signals were held in latches un-
til both were present, and then gate
them into our circuit by a clock pulse.
The next clock pulse then resets the lat-
ches, ready for the next lot of signals.
Circuits which make use of clock pulses
avoid all the problems which time
delays can cause in simple gate circuits,
and also give us an automatic method
of resetting latches. Clock pulses put
the sequence into sequential circuits,
and allow us to carry out very com-
plicated actions in a surprisingly simple
way, because we do only one step at a
time. This idea is the germ from which
the microprocessor has grown.

7474 118 TO X1 (+Ve)

Fig.3.5 Using the D-type flip-flop 74LS74. The
7415132 which is already on the board provides
the clock pulses.

Going back to the board, you now
have a clock pulse generator ticking
away merrily at a nice slow pace. This
‘pace isn’t typical, most clock pulses'go
a lot faster, 100 kHz or more, but by
slowing it down we can see what is go-
ing on by watching the LEDs. Switch off
now, keep the clock pulse generator in
place and put a 7475 on the board, with
its pin1 online 11A and its pin 14 on line
11B. The power supply connections are
shown in Fig.3.5 with line 17A con-
nected to line Y1 and line 11B con-
nected to line X1. This also shows the
symbol for a D-type flip-flop; there are
twosuch flip-flops in the 7475.

Now for your actual flip-flop. Con-
nectup as shown in Fig.3.5. The clock in-
put of one D-type flip-flop is connected
to the output of our clock pulse
generator. The clock pulse generator
circuit hasn’t been shown here, only the
connections. The D-type input (D for
datum — one bit is datum, two or more
is data) is obtained from one switch,
SW1, and the Q output is connected to
LED 1. We can now use SW1 to switch
the D input to 0 or 1, and watch the out-
put LED change — but when does it
change? Does it change at the exact ins-
tant when you change over the switch?

That's the action. It might not seem
very spectacular, but watch this space.
What happens is that whatever logic
level (0 or 1) is present at the D input
when the leading edge of the clock
pulse occurs is latched into the output
(Fig.3.6). Notice that it's latched — if
you stop the clock pulses, the Q output
will remain as it is, no matter how the
voltage at the D input changes. The
otherimportant point is that the leading
edge of the clock pulse starts the lat-
ching — and this leading edge takes
very little time, a few nanoseconds. The
Q output is, as its symbol suggests,
always the inverse of the Q output.

Now the interesting point about the
D-type is that we can actually make use
of the time delay between the leading
edge of the clock and the appearance of
the output. The clock pulse has its ef-
fect only while the voltage is rising, not
at 0 nor at 1, and the output reaches its
final state some time after the clock
pulse voltage has reached 1. We can
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CLOCK

Q

SH— w4

0

Fig.3.6 D-type action. The Q-output switches over at the leading edge of each clock pulses to a value

equal to the logic level at the D-input.

therefore connect up the crazy-looking
circuit of Fig.3.7. Try it, and watch the
two LEDs. Led 4 is operated by the Q
output of the 7474, and LED 1 is oper-
ated by the clock pulse. Notice any-
thing about the flashing rate of LED 4?

138
22B AND 7B 168
FROM CIRCUIT D |of—a—10
OF FIG 3.4 1B
o—181cx (LED4}
=18
a

POWER SUPPLY LINKS AS BEFORE

Fig.3.7 Toggling a D-type flip-flop. This connection
makes the D-type give one output pulse for each
two in, but only if the clock pulses have very fast
rising leading edges.

It is indeed half of the flashing rate of
LED 1, so that the output is a set of
pulses at half the frequency of the clock
pulses. The circuit is variously known as
a toggle circuit, divide-bytwo, scale-of-
two, binary divider or bistable. The
sixty-four thousand dollar question is,
how does it work? The key to it is this
business of time delays. .

Imagine that the output of Q is logic
1, so that the output at Q is logic 0.
Because Q is connected to D, the D in-
put is also at logic 0, but this doesn’t
have any effect until a clock pulse
comes along. When the clock pulse ap-
pears, its leading edge starts the
changeover action, but the clock
voltage has reached logic 1 before Q
has had time to change from 1 to 0.
That’s the important point, because
when the change takes place, it's too
late to have any effect on D until the
next clock pulse arrives. A timing
diagram will make this a bit clearer.
Fig.3.8 shows the times, not to scale.
You can see that by the time Q and Q
change, the D input is ‘locked out’ —
because the leading edge of the clock
pulse has passed, the voltage at the D in-
put has no effect on the output.

The result is the toggling action, with
the voltage at Q changing ateach clock
pulse leading edge, causing an output

Hobby Electronics, November 1980

1

Into Digital Electronics

easily and cheaply in IC form. The one
we'll use has the type number 7476, and
this particular IC has two J - Ks in its
16-pin package.

The symbol for a ] - K is shown in
Fig.3.10. It looks a lot more complicated
than the flip-flop we’ve used so far, and
it is. The reason is that the | - K can
replace any other type, and ever since | -
Ks have been made at reasonable
prices, other types have not been need-
ed to anything like the same amount.

Going over the connections to a
single ] - K in detail, the outputs are the

/ B

1
|
|
|
Q AND D

|

|

1
> |o—

DELAY

. g

BY THE TIME Q AND D
HAVE CHANGED, THE
CLOCK VOLTAGE IS NO
LONGER CHANGING, SO

THAT THE NEW VOLTAGE
AT D HAS NO EFFECT

Fig.3.8 The time delays which cause the toggling action of the D-type.

1

CLOCK
IN

Q
out

0

Fig.3.9 The divide-by-two action of a toggling circuit.

pulse at half the rate of the input
(Fig.3.9). This toggling action is impor-
tant because it is the method that a lot
of counting circuits use — more of that
later.

AllRight, J-K?
D-type flip-flops have their uses, but the
toggling action s reliable only if the rise-
time of the clock pulse is very short. A
much more versatile flip-flop has been
evolved over the years, one which
doesn’t rely on this rise time or on the
delay in the circuit. Its full name is
Master-slave ] -K flip-flop; just to keep
your tongue from rattling too much
we'll call it the ] - K. It's not the sort of
circuit you’d want to make up from
separate transistors; even if you made it
from IC NAND gates you'd need eight
of them, but it can be made reasonably
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Fig.3.10 }K flip-flop symbol.

familiar Q and Q which we're used to by
now. Three of the inputs are also
familiar — the clock and the R and S in-
puts. A clock pulse is taken to the clock
input of the ] - K, and the action of the
J - K very much depends on this clock
pulse. The R and S inputs are used to set
(Q = 1) or reset (Q = 0) the output at
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any time — there’s no need to wait for a
clock pulse. These inputs are called the
asynchronous inputs — they are not
synchronised to the clock.

The other two inputs are labelled )
and K, and they are used to ‘program’
the flipflop. The voltages we set at
these inputs will decide what the ] - K
does at each clock pulse. Table 1 sum-
marises what happens.

s | k |oBerore | o aFTER

CLOCK CLOCK

PULSE PULSE
10 0 T
— : } no eFFecT
[ 0 _
L . 7} Forcesa=1
0 1 0 0 FORCES Q =0
o | 1 1 0 3
T 11 0 1 ) CHANGES Q
T 1 0 —J OVER

SAND R

{CHANGES TAKE PLACE WHEN
S OR R TAKEN TO LOGIC 0)

0, Q=1
0, Q=0

S=
R=
S AND R MUST NOT BE TAKEN TO
LOGIC 0 AT THE SAME TIME

Table 1. }K flip-flop action

The important thing now is to try it
“for yourself.and Fig.3.11 shows a circuit
diagram. We've kept the clock gener-
ator in place, but the 7476 plugged in,
with its pin 1 on line 10A and its pin 16
on line 10B. Remember that this one is a
16-pin IC! We also need to make some
changes to one switch. Switch 4 is
altered as shown, so that there are con-
nections to the R and S inputs, with the
switch selecting which of the two is
taken low. Taking the R input to logic 0
will reset the ) -K(Q = 0), and taking the
Sinput to logic O will set the ] -K(Q = 1).
With the wiring shown, the J -K will be
reset with SW4 down and set with SW4
up. SW3 is used to control the voltage
used for R and S, so that we can leave
them both isolated (switch 3 up) or have
one of these inputs operated (switch 3
down). Table 2 summarises the action of
switches 3 and 4 in this circuit.

Switches 1 and 2 are used to control
the J and K inputs. These switches are
wired in the same way as they were
when we started, up for logic 1, down
for logic 0. Switch 1 controls ], and
switch 2 controls K. LED 4 indicates the
stateof Q.

Start with ] = 0, K = 0 (SW1 and
SW2 both down) and reset the ] -K by
having switch 3 down and switch 4
down. With these settings, the clock
pulse (watch LED 1) should have no ef-
fect on Q (watch LED 4). If you now
push SW3 up just after a clock pulse,

2

Fig.3.11 Connecting the K flip-flop into the board.
Note that the connections to switches 3 and 4 have
been changed.

POWER SUPPLY LINKS:

14A TO X1(+)
138 TO Y1(-)

Table 2. Action of switches

C8  13a s
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o J a =

228 AND 78 10A ok
FROM FIG34 O
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18 (LED4)

108

X1
4D
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2C 4C
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NOTE: SOME SAMPLES OF 74LS76 MAY NEED 'PULLUP’ RESISTORS., IF YOU
ENCOUNTER INCONSISTENT RESULTS, CONNECT 10k RESISTORS BETWEEN

20 & X1 AND BETWEEN 1D & X1.

SW3 and SW4 in
Fig.3.11.
UP DOWN
SW3 NO ACTION ACTIVATES
SORR
sw4 SET RESET
SELECTED SELECTED

the R and S inputs are released, and
whatever happens is caused by ] = 0,
K=0.

Nothing? Don’t panic — that’s what
is supposed to happen. With ] = 0,
K = 0, the ] -K is isolated. It saves hav-
ing to add a gate if we can cut off the ] -
K like this. Just to confirm the action, try
again, but this time set switch 4 up, so
that Q is set (LED 4 glows) before
isolating with SW3 (up). This time the Q
output remains set; the clock pulses
haveno effect.

What we’re doing is to hold the out-
put set or reset by .using the R or S in-
puts, and then releasing these inputs by
pushing SW3 to give logic 1. Since the
set/reset inputs need a logic 0 to
operate, this prevents them from acting,
so that the ] - K is then programmed by
its ] -K inputs only. With ] = 0,K = 0,
the state of the Q output is unaffected
by the clock pulse.

Now set the switches so that ] = 0,
K = 1 (switch 1 down, switch 2 up). Go
through the same routine again, with
switches 3 and 4 down so that Q is reset,
then flick switch 3 up. Is there any effect
on LED 4? Try again, starting with switch
4 up this time so that Q is set. Does the
clock pulse cause any change after SW2
has been pushed up?

When ] = 0, K = 1, the next clock
pulse will cause the output to go to
logic 0. If the output was already at0, of
course, the change will not be
noticeable, but if the output was at 1,
then the changeover occurs at the clock
pulse.

Now try again, with ] = 1, K = 0
(SW1 up, SW2 down). This time you’ll
find that the clock pulse has the effect
of setting the output to 1 after the R,S
inputs have been released.

Finally, try ) = 1, K = 1, and leave
SW3 up. What effect do the clock

pulses have on the output now? J = 1,
K = 1is the toggling connection for the
] -K flipflop. No external feedback links
are needed to accomplish this(compare
the D-type) and the action does not de-
pend on having aclock pulse with a very
fastrisetime.

The reason for this advantage is the
master-slave principle. The J -K consists
of two sets of flip-flops, the master,
which is affected by the ], K inputs and
the slave which is driven by the master
and which in turn provides the outputs.
Both of these flip-flops are operated by
the same clock pulse, but the master
operates on the leading edge of the
clock, and the slave operates on the
trailing edge. This guarantees a time dif-
ference between inputs and outputs, a
time difference equal to the time of the
clock pulse. At the leading edge of the
clock pulse, the master flip-flop is set or
reset by the J, K inputs, and its outputs
are connected to the inputs of the slave.
The slave does not operate, however,
until the trailing edge of the clock pulse
comes along, and that’s when the out-
puts of the ] -K change. By that time, no
changes in the inputs can have any ef-
fect.

The ] -K is such a versatile flip-flop,
with so many useful operating condi-
tions that it's seldom worthwhile using
any other type. The usual TTL operating
conditions apply — any unconnected
input will ‘float’ to logic 1, and it’s im-
portant not to have both set and reset in-
puts low at the same time, which is the
reason for the connections to switches 3
and 4 in Fig.3.11. These inputs are also
known by the names of preset (for set)
and clear(for reset).

Quick Flips And Slow Bounces

And now for something entirely dif-
ferent — just to tidy up a few odd
points. You’ll remember the clock pulse
oscillator circuit of Fig.3.4 which need-
ed to use a form of NAND gate called a
Schmitt gate — here’s why. Most NAND
/NOR gates are simply based on inver-
ting amplifiers with a very high gain.
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7418132
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Fig.3.12 Debouncing a switch, using the 7415132,

Like any other high gain amplifier, these
will oscillate if they are suitably biased,
and in the course of changing between
logic 0 and logic 1 (or 1 to 0) they pass
through a suitable bias voltage. Now if
the input pulses are so fast that the
gates don’t have time to oscillate, that's
fine. You can’t always guarantee this,
though, especially when the input
comes from other circuits, particularly
operational amplifiers(slow little devils,
these). A Schmitt trigger input to a gate
has a snap-over action which never
allows the gate circuit to oscillate. No
matter how slowly the input voltage of
-a Schmitt gate changes, the output will
snap over at a really high speed, and
there’s a fair difference in the voltage
which is needed at the input to switch
the output high and the voltage whichiis
needed to switch low. This quantity is

guropean
video Takes
on Japan

ideo DISCS
LP Records
with
pictures
vision Mixing
At Home

SWITCH
?

Fig.3.13 Using the R-S flip-flop to debounce a
switch.

RS FLIP—FLOP

called the voltage hysteresis. Whenever
a signal has to be fed into a digital cir-
cuit from circuits which are not digital
circuits, Schmitt trigger gates should be
used. The symbol which is used to
distinguish these gates is a miniature
version of the shape of the V out/V in
graph.

How does a gate like this oscillate?
Imagine that the output in Fig.3.4 is at
logic 1, and the input is at 0. The current
flowing through R charges up capacitor
C, and when the voltage at the input
reaches about 2.4 V, the output swit-
ches to logic 0. Capacitor C now
discharges through R, until the input
voltage reaches its other switching
voltage at0.8 V. At this voltage, the out-

Into Digital Electronics

put goes high again and the action starts
all over again.

We can use the Schmitt trigger gate
also for ‘debouncing’ a switch.
Whenever a switch is closed, the con-
tacts will bounce, so that the switch
closes and opens a few times before
finally closing. If you’re trying to
generate one single pulse, this isn’t very
good, and some method of ‘debounc-
ing’ the switch is needed. Fig.3.12 shows
one circuit, making use of the Schmitt
trigger NAND gate 74132. Theidea is
that if the switch bounces open, the
voltage at the input of the gate will not
change fastenough to allow the voltage
to get high enough to operate the gate
— the capacitor C1 ensures that. When
the switchis closed, C1'is discharged.

Another method of debouncing a
switch is the use of the R - S flipflop
(Fig.3.13). If the switch has touched its
contact, the flipflop will switch-over,
and any bounce simply leaves the R and
S inputs both at logic 1. As you know by
now, having both inputs of the R - S at
logic 1 leaves the output unaffected, so
the switch bounce has no effect on the
output. We’'ll have a look at these de-
bounced switches when we start on
binary counters nexttime. HE

life.
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Guitar
Pre-amp

Got a guitar? Here’s a way of improving its
frequency response and cutting down noise
and interference. This may seem too good to
be true, but the HE Guitar Preamp can do all
these things and a few more

WHY SHOULD YOU need to build a
circuit like the HE Guitar Preamp into
your guitar? | mean, who wants to take
hacksaw, mallet, chisel and Black-and-
Decker to their favourite Les Paul,

simply to stick in some classy tone con-

trols? Well, (believe it or not) there is a
good reason why: you see, the trouble
is that guitar pickups produce only a
very low-level signal, usually just a few
millivolts. And it's amazing just exactly
what this signal has to put up with
before it comes blasting out of the
speaker at 4000 MW audio power.

First this feeble little signal has to
fight its way through the passive tone
networks and volume control on the
guitar. After this, it reaches the outside
world through the jack socket on the
guitar body. But here it finds itself con-
fronted with a long tunnel — about 20
feet (6 metres) of screened cable. Ex-
hausted, it arrives at its destination, the
amplifier. Up to this point the signal
receives no amplification at all. Instead
it relies on the high-gain preamplifier in
the main amp to do all the work.

This arrangement, although popular
for decades, has some serious pitfalls:
@® passive tone controls — they do the
job but don’t allow for a great deal of
tonal change in the sound. Active con-
trols are much better
® a lowdevel signal in a long lead —
very susceptible to noise and in- -
terference pickup. This can be
understood more easily as a ratio of
signaltonoise. For instance, consider a
noise or interference pulse, with an
amplitude of 10 mV introduced along
the lead. Your guitar produces a signal
of, say 100 mV, so the signaltonoise
ratio is 10 to 1. The result will be an
audible click. If, however, the guitar
signal is amplified at source to say 5 V,
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then the ratio becomes
500 to 1. Because the noise
amplitude remains the same it
will be totally masked by the signal.
Remember, once the noise or interf-
erence has been introduced it becomes
extremely difficult to eliminate —
amplifying the signal at the end of the
lead only amplifies the noise too!

@ A high-gain preamp is prone to in-
terference itself — and unfortunately a
power amplifier is a very good pro-
ducer of interference (because of the
high currents roaming around inside it).
It is better to keep the preamp and
power amplifier as far apart as

possible.

Inserting the preamplifier inside the
body of the guitar immediately reduces
all these effects and gives an improve-
ment in guitar sound. This is the
method we have adopted for the HE
Guitar Preamp. The preamp is as close
to the signal source as possible and the
resultant quality just has to be heard to
be believed.

Construction
Although the circuit is rather compact,
using Veroboard, its construction is still
remarkably easy. Remember to break
the copper strips of the board in the
correct places before inserting com-
ponents. Either the correct tool or an
Y in. drill bit — carefully hand-held —
can be used for this job. Press lightly
down on the correct hole and gently
twist the tool or drill bit clockwise until
the track is broken. Make sure no
bridges have been formed between ad-
jacent tracks by loose copper swarf.
The components can now be in-
serted following the overlay diagram of
the circuit. An IC socket is advised for
IC1 but not essential. Make sure that

all polarised components, C4, C7 and
IC1, are the right way round.

After checking that you have no
solder bridges across copper tracks,
you can commence wiring up the
board to pots, battery and jack socket
— and final housing.

As you can see in the photographs
we housed our circuit inside the body
of the guitar, directly underneath the
pickup. This is the most advantageous
position. However, if you don’t want to
carve up the inside of your Gibson,
Guild or Gretsch, build it in a small box
outside the guitar: the improvement
in performance will still be worth the
effort.

You will find it easier to mount all
three pots and the jack socket on the
front panel before commencing wiring.
Solder longerthannecessary leads on
the pots (screened lead need only be
used on the volume pot). Mark them
and loosely mount the panel, taking
the leads along inside the body of the
guitar to wherever the circuit board
and battery are mounted. The connec-
tion diagram shows where all connec-
tions from the pots to the board go.
Remember C10 (we ran out of room on
the board!) mounts on the volume pot.
Cut the leads to the required length
before soldering, and when all connec-
tions have been made, the group of
leads, nine in all, can be held together
with cable ties to form a neat cable.
Finally, earth all pot bodies with one
length of wire. You may have to lightly
file the body of each pot to clean up
the surface before it will solder. ?{?
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R4
680k

+9Vv

AAAA
R1
c1 330k
o—'°ﬂ||—’\/\/\/‘j :
INPUT FROM
GUITAR PICKUP )

The main component, IC1 consists of two
separate preamplifiers housed in the same 8-pin
DIL body connected only by a common power
supply of between 8 and 30 VDC. Both preamps
are identical and are ideally suited for single
9V-battery operation — current consumption
is low, meaning that a PP3sized cell can be us-
ed and has a reasonable life.

The first preamplifier (pins 1, 2 and 4) acts as
a fixed gain, flat response circuit, meaning that
all frequencies within the audio band are
amplified equally. The gain factor of this stage
is determined by the ratio of R4 to R1. If further
gain is required, R1 should be reduced in value.
Conversely, if gain has to be reduced, R1's value
should be increased. This facility need only be
used if the output from your guitar pickup is
either less than, or larger than, average. We us-
ed a medium-output amplitude pickup and so
our value for R1 provides a good starting point.

The input impedance of this preamplifier is
such that the guitar pickup will not be loaded at
all.

R3 c3 NOTE:
270k | 100n IC1 1S LM387

How it Works

Figure 1. Circuit diagram of the HE Guitar
Preamp.

RV2
500k
TREBLE

The second stage is designed around the se-
cond half of IC1 (pins 7, 8 and 5) and forms an
active two-band tone control block. Bass and
treble potentiometers are inserted in the feed-
back loop of this preamplifier, and provide very
good control over the desired frequency
response.

Potentiometer RV3 can be adjusted for
volume. Because the output signal amplitude
of the whole circuit is in the region of 2 volts it
should be more than adequate for most re-
quirements. A stereo jack socket is used for the
output connections — this provides a useful
means of on/off switch for power. When a nor-
mal mono jack plug is inserted into the stereo
socket, the first two connections are shorted by
the jack. Thus, if the battery 0V connection is
taken to the circuit via these two connections,
power will only be supplied when a plug is in.
You must, however, remember to take out the
lead, when not using the guitar, to switch off the
circuit and save your batteries.

And that’s it! You can check the
whole thing before putting the guitar
back together by plugging the unit into
an amplifier — remember the guitar
will now work with an amplifer without
a pre-amplifier — and set all controls
at about mid-position. Dangle anything
metallic, — a bunch of keys will do —
close to the pickup. The result will be a
raucous noise from the speaker, prov-
ing that everything is OK. Check that
all controls function correctly and if so
you can now replace all guitar panels
and play to your heart’s content —

‘with hifi sound.
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— Parts List—

© R2 10k
R3 270k
R4 680k
R5,6,7 12k
R8 47k
R9,10 3k9
R11 18k
R12 680R
POTENTIOMETERS
RV1 100k lin
RV2 500k lin
RV3 10k log
CAPACITORS
C139 100n polyester or ceramic
C28 10n polyester or ceramic
Cc4,7 22u 10V tantalum
c5 47n polyester or ceramic
(¢ 4n7 polyester or ceramic
c10 Tu 10V electrolytic

RESISTORS (All 4W, 5%)
R1 330k

SEMICONDUCTORS
1IC1 LM387 dual preamp

MISCELLANEOUS

10strip x 24 hole Veroboard

stereo jack socket, battery and clip,
knobs to suit

__Buylines

The approximate cost of all components for this
project should be in the region of £6. No case or
PCB isinvolved. All components should be free-
ly available from most of-the larger mail-order

companies.
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Figure 2. Veroboard component position and track cutting diagram
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i Guitar Pre amp
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Figure 3. Interwiring and overlay diagram for the HE Guitar preamp &
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MAGENTA ELECTRONICS LTD.

ELECTRONICS CATALOGUE
H . E " P R OJ E CT K I T s Magenta's Catalogue has been carefully designed for Electronics Constructors. Product

data and illustrations make the Magenta Catalogue an indispensable guide for the
constructor. Catalogue includes ELECTRONIC COMPONENTS, HARDWARE, TOOLS,
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TUG O" WAR, Oct. ‘80 ... ... ... . .. £16.98

KITCHEN TIMER, Oct. ‘80 (2% resnstors) . £7.34 ADVENTURES va|Tc"|s
MICROMIX, Sept. ‘80 . . . .. £7.82

AUTO PROBE, Sept. ‘80 .. . . M|CROELECTRO '

........ £3 67 less case
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casg © H.E. MEMORY BANK —
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DIGITAL FREQUENCY METER, April '80 .. ... £35.78 C
HOBBYCOM: TWO WIRE INTERCOM,.April ‘80 L
e £33.95 (Master) u |NTO DIG'TAL ELECTRONICS
ub Station .. ... . ... . £3.38 each & H.E. series. Part 1in Sept. '80. C digital el ics from the basics. Circui
ELECTRONIC IGNITION (CD), April ‘80 . . . £20.87 D o o 8 Pmin EurobroaibtErd. Feprints oftbalh issues avalBiAHE el s
25-WATT MODULE (56080), Mar. ‘80 . . . .. ... £17.98 E Eurcbreadboard and components for series £18.95 less battery. Components only
PSU MODULE (5080), Mar. ‘80 ... . . .. .. . £33.75 E1Z2es
WIN INDICATOR, Feb. "'80 (with switch b o
DIGI-DICE, Jan. - e Bleos .V INTO ELECTRUNlCS CONSTRUCTION
CE. JanniBOR 8 BN ma i a8 L £9.98
BARGRAPH CAR VOLTMETER, Dec. '79 . £7.33 less case A H E 6-part Series: Feb. ‘80 to July ‘80. COVERS THE BASICS OF
gllrJ\llcTsA'\gOT%UNLEARTCI)\IR De;:9 79 £12.95 T ELECTRONICS — LOTS OF PRACTICAL WORK. Circuits are built
ov.' 79 .. ... ... ...... £10.98 n lug-in Eurobreadboard. REPRINTS AVAILABLE, 45p each
L/(\)l\éTBF;l#ll\J/INSETEOREO;xSr’\APLIFIER Oct. ’ 9 . £79.50 ;ojari.péjt?r:abreu:;db’::rd anrd Components for Series £$5.63.
I 7/CT - R . £26.98 Components only £9.43.
ANALOGUE FREQUENCY ME’TER, Oct. ‘79 £15.52 Yow:nps mrenuAnZuA‘l TRANSISTOR HEAT SINK TWEEZERS 45p.
MULTI-OPTION SIREN, Oct. ‘79 | ., £15.98 ANTEX SOLDERING IRON 25W £4.95. DESOLDER PUMP £5.95.
STARBURST, Sept. ‘79 .. ... .. .. .. £19.98 less case SOLDERING IRON STAND £2.03. a
ULTRASONIC SWITCH, Sept. ‘79 ... ... . . SoLDEn andy iz S 3 BAND S.W. RADIO
............... . £28.85 less 3 pin mains socket GG T JeR e el n s ateT) ‘=
S%I\E/I'E SECURITY UNIT, Aug. ‘79 . £28.56 less siren u::v:cg:srziﬂu;r:vzvj'sﬁcin 1 Simple T.R.F. Design. Covering most Amateur
........... ) e £5.09 less case P Band's asnd Sa:or;eWavZnBradcasl Blnds.‘ﬁ:‘e
LED TACHOMETER, Aug. 7o | BER ... £17.98 i AIRCRAFT BAND PORTABLE cwoxe:r:ar}gae i Altleaua::_rs.pz:?lds'eg.eo.nci;ob&
L:Ndl Egoa TRACER, Aug. ‘79 ... . . . .. .. £4.34 %‘?22%%.’.3;“3 Anp cuTrERs e2a8. Choarss cavivsca K coneauna sl the £ompomorts
CONSTANT VOLUME AV EE'FJ'E.R /;;g 79 1560 TS et 1 ggoo0 <2 won | il Soibem B L e S
. v. will N 83 ne extra .l N
SHARK, July ‘79 .. ! = £25.98 e - —
GSR MONITOR. June '79 B L ) ?EL‘EI‘H%NE“P!ACEKAL‘I\PCOIpI.72u. CROC CLIP TEST LEAD SET. 10 feads with 20
o £9'63 CRYSTAL MICROPHONE INSERY 58p. chps £1.15.
ENVELOPE GENERATOR, June * 79 sy | £14.98 SPEAKERS MINIATURE, 8 ohm 87p. 64 ohm CONNECTING WIRE PACK. 5 X 5 yd coils
PARKING METER TIMER, May ‘79 ... ... . ..  £8.79 e & e 58 T O T
TWRTTE N?lSE EFFECTS UNIT, May '79 ; £17.74 6" nouréoss%ux'fgés opm S £2.28. VERO PIN INSERTION TOOL. 0.1 £1.66.
NSISTOR GAIN TESTER, April ‘79 .. . £9.98 T EHOSCOPE ATTACHMENT. Fis 5 RESISTOR COLOUR CODE CALCULATOR
PH : 11s Ouf ear- ) ]
CAS‘L\?&S:AP':L%T”;AQER Mar 79 : b i:g gg nggﬂgngEADPHONES 2K Padded. Superior %i’pgﬂio HEADPHONES. 6 chm Padded
SCRATCH/RUMBLE FILTER. Feb. ‘79 . . . £25.48 Mono HOWTO SOLDER BOOKLET 12p. DESOLDERING BRAID 695.
SBETSHUARE W I £29.98 Stereo MAGENTA ELECTRON'CS LTD.
e hLem o TOR.Feb. 70 TR HC 3, 98 CALAIS ROAD, BURTON-ON-TRENT, STAFFS,
B T e : Eig-gg DE13 OUL.0283-65435. 9-12, 2.5 MON.-FRI. MAIL ORDER
. ] 5 . 5 ONLY
AUDIO MIXER, Dec. '78 . . . £25.98 ADD 35p P ¢ TO ALL ORDERS ALL PRICES INCLUDE 15% Vv.A.T. OFFICIAL ORDERS FROM
BEDSIDE RADIO, Nov. ‘78 ... . . . ... . £16.99 ENOUIRIES MUST INCLUDE S A E
STEREO AMPLIFIER (HOBIT), Nov. 78 . £59.50 OVERSEAS, SEND ORDER WITH 3 INTERNATIONAL POSTAL COUPONS WE WILL QUOTE EXACT

PRICE BY AIR MAIL

EIRE & BFPO ORDERS

U K PRICES — LESS 10

(COVERS VAT REFUND & EXPORT DOCUMENTS). PAYMENT STERLING U.K ‘BANK DRAFT U.K
POSTAL ORDERS or U K CHEQUE

ENQUIRIES: ENCLOSE 2 INTERNATIONAL POSTAL COUPONS,

LATEST KITS: S.E.A. OR 'PHONE FOR PRICES
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'The transistor was the mainstay of modern electronics for three decades. Only
during the past couple of years has it become clear that it too will follow the
thermionic valve into history. Rick Maybury looks at the history of the transistor

REMEMBER VALVES? They were those
glass tubes filled with high voltages and
glowing filaments. Way back in 1948,
just after World War 1l a lot of research
was being carried out by the Bell
Telephone Laboratories in the USA to
produce an amplifier that didn’t use
valves. Research during the early 1900s
suggested that materials called
semiconductors (see September What's
In A Name) could be worth in-
vestigating. A team of three men, John
Bardeen, Walter H Brattain and William
Shockley were looking at the possibility
of semiconductor materials changing
their resistance when subjected to an
electric field. Most of their experiments
resulted in dismal failure.(They were ac-
tually doing the groundwork for the
Field Effect Transistor which didn’t ap-
pear until 1963.) Their failure to observe
the predicted changes in resistance led
the team to carry out further ex-
periments on the surface characteristics
of certain semiconductor crystals. This
involved placing two fine tungsten
wires onto the surface of a slice of Ger-
manium crystal.

Current Affairs

They found that a current change in one
of the wires caused a current change ap-
proximately five times larger in one of
the other wires, the transferresistor or as
we call it now, the Transistor was born!

The first devices became known as
the ‘point contact transistors’ and led to
the first practical, commercial device
becoming available in 1950. The limita-
tions of the point contact device soon
became apparent, the first transistors
were largely hand-made. High noise
levels generated within the device and
difficulty with quantity production led
to further research which culminated in
1951 with the filing of a patent by
William Shockley for the Junction tran-
sistor.

Hobby Electronics, November 1980

What'sin A

The Junction Transistor
In the point contact transistor the NPN
or PNP structure was formed by using a
single P or N type base, each of the other
two junctions were formed at the point
of contact by the fine tungsten wires.
Apart from the noise problem the struc-
ture limited the power handling
capability to a fraction of a watt. The
almost microscopic junction was
replaced by a slab of either P or N type
semiconductor material fused to the
base. By making the central base region
thinner than the collector or emitter, the
power handling, gain and noise figures
improved dramatically, it also enabled
the growing number of companies
manufacturing semiconductor devices
to produce transistors in their millions.
The next advance came during the
early fifties with the Alloyed Junction
Transistors. They used two pellets of In-
dium placed on either side of a'slice of
N-type semiconductor germanium. This
was put into an oven and heated to
500°C. The two pellets partially dissolv-
ed into the germanium. After connec-
ting the three leadout wires the
assembly was then encapsulated into a
glass or metal envelope. The famous
OC71 was its name, ask your grandad
about it sometime.

The Silicon Story

Developments followed thick and fast
and the late fifties saw the introduction
of silicon as a semiconductor material.
Silicon offered several important ad-
vantages over germanium as it could
withstand higher temperatures and had
far lower leakage currents as well as
having lower noise characteristics.

The Planar process revolutionised
transistor manufacture. For the first
time the semiconductor manufacturers
could design their product to a given
specification. The Planar process is
essentially a photographic one. The
thicknesses of the semiconductor layers

can be finely controlled. The principle
of the process relies on the diffusion of
impurities into areas of the substrate
defined by exposure of the silicon to a
photographic mask. This process is the
basis of modern IC manufacture.

In 1962 a further refinement to the
Planar process was introduced, this was
known as the Planar Epitaxial Transistor
process. This involved the use of highly
refined silicon designed to have all its
component crystals in one plane.

By now the earlier research carried
out by the Bell team was beginning to
bear fruit. Advances in manufacturing
techniques led to the Field Effect Tran-
sistor (FET) which made its debut in
1963.

This was the first real departure from
conventional semiconductor operation
for over a decade. Conventional tran-
sistors are commonly known as current
amplifiers. You put a small current into
the base and it will control a much
larger current flowing through the col-
lector and emitter. The FET is basically
voltage-operated, similar in many
respects to the thermionic valve. (There
was even a suggestion some years ago
that valves could be directly replaced
with FETs with little or no modification
tothe circuit))

.The FET has become the basic
building block for most of the ICs we
use today. Their excellent switching
characteristics and inherent simplicity
make them ideal for logic gates.

As with many scientific
developments the wheel turns full cir-
cle. The original research work that led
to the transistor was in fact looking at
FETs which are themselves similar to
the valve for which the scientists were
trying to find a replacement. The FET
didn’t appear until 1963, some 15 years
after the original research was abandon-
ed, and now it looks as though the FET
(in its many guises) will replace the con-
ventional transistor. What next we ask? HE
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AC126

Type

€04000
CD400}
€D4002
CD4006
€04007
€D4008
CD4009
€D4010
€D4D11

Type

CA3011
CA3014
Ca3018
CA3020
CA3028
CA3035
CA3036
CA3042
CA3043
CA3046
CA3062
€A3054
CA3075
CA3081
CA3089
CA3090
CA3123

BC549

Type

CD4012
CDa0Y3
CD4015
CD4016
CD4017
CcD4018
CD4019
CD4020
CD402t

Type
CA3130
CA3140
1M301
LM304
LmM308
LM309
LM380
Lmag*
LM3800
Lm3914
LM3g15
MC1304
MC1310
MC1332
MC1350
MC1362
MC146;

Price
€0.22
£0.48
£0.94
£0.49
£0.84
£0.98
£0.48
£1.04
€0.94

Type

C04022
CD4023
C04024
€DA4025
CD4026
CD4027
CD4028
CD4029
CD4030

Type
MC1496
NE536
NE550
NES5S
NES56
NESES
NESE6
NES67
UA702C
72702
UA703
72709
UA710C
72710
LATIIC
12111

£0.95

£0.92
£€0.51

£0.28

» P P. O
DUR OF
0920 B
N
BU10S €1.84 | ZTX108  £0.12 | vois No Price
BU106/02 £2.24 | ZTX109 €012 | 10 THYB0Oma/10v  €0.17
BU204 €1.61 | ZTX300  €0.14 | 20 THY600ma/20v  £0.18
BU205  €1.61 | ZTX500  £0.15| 30THY600ma/30v  £0.23
8U208/02 2NI613  €0.23 | 50 THY600ma/SOv  £€0.25
€258 | 2N1711  €0.23 | 100 THY600ma/100v €0.29
MJE29S5 €1.04 [ 2N1889  €0.52 | 200 THY600ma/200v £0.44
MJE3055 €0.69 ;::ggg gg-;l 400 THY600ma /400v  €0.51
| MUE3440 €0.60 -35
MPF102  €p.6a | 2N2147  £0.86 | vons No Price
MPF104  £0.40 | 2N2148  £0.81 | 0 THY1A/50 £0.30
MPF105  £0.40 ;z;“gg :g-: 100 THY 147100 €0.32
MPSADS  £0.23 . 200 THY1A/200 €0.37
MPSAOE  £0.23 | 2N2194 " £0.44 -1 400 THY1A/400 £0.44
MPSAS5  £0.23 ;z;g;; €0.25 | 600 THY 1A/600 €0.52
MPSAS6  £0.23 €0.25 | 800 THY1A/800 £0.67
05?, €1.73 | 2N2218a £0.23
oc23 €1.73 | 2N2219  €0.23 | voirs Price
0C24 €1.55 | 2N2219a £0.28 | 50 THY3A/50 £0.32
0c25 £1.95 | 2N2904  €0.21 | 100 THY3A/100 €0.35
0C26 £1.15 ;z;gg;f« £0.24 | 200 THY3A/400 £0.37
oc28 £0.92 €0.21 | 400 THY3A/400 £0.48
0c29 €1.08 | 2N2905A #£0.23 | 600 THY34/600 £0.58
0c35 €£1.03 | 2N290 0.19 | 8OO THY3A/B0O €0.75
0636 €103 | 2N29064 €021
070  co.2a | N2907 €023 | yons o Price
ocn €017 | 2N2807A £0.25 | "5o7HYSA/50 £0.41
TIC44 €033 | 2N2926G £0.11 | 100 THY5A/100 £0.51
1ICa5 £o.a0 [ 2h2326%  £0.09 | 200 THYS5A/200 £057
i . 400 THYSA/400 €0.65
Tha%8 o INZ926R £0.09 | 600 THY5A/600 €0.79
TIP29C £0.51 g 800 THY 5A/800 £€0.93
2N3053  £0.20
Je30n €048 [2n3054  €olas
Y ‘g-:*‘ 2N3055  €0.46
I :o'u‘; X314 €195 F0 U
TIP31B 0. §:§§:§ 2:;: 15920 50v €0.07
TIP3IC  €0.5 | 5 %e46  go g0 | 15921 100v €0.08
TIP32A  €0.46 | 5\ 5507  golgn | 15922 150v €0.09
TiP3ze €0.48 | 513703 go0.09 | 15923 200v €0.70
TIP32C  €0.51 | 505764  goos | /5924 300v €011
TPa1a  go.s1 | ZRS 00 oo A d
T S (O i INA0OY 50v £0.05
2N3706 £0.09 g
}:::;g £0.55 |2n3707 0.0 | IN9002 100V €9.05
I tg-“ IN3708  €0.08 | 'N40O3 200v €0.07
TPa2C  coss. | 243709 eo.08 | 1MA0O] 400 e
a5 | 283710 €0.08 .
JiPa98s  £0-89 |N3711  coios.| (N40O6S £0.10
. 2N3819 £€0.21 IN40Q7 1000v £0.11
TIS90 £0.21 15 Amg
LIEs £0.23 15015 50 €0.10
Anal T Ak 15020 100v €011
15021 200v €0.12
15023 400v €0.14
15026 600v €0.16
| . 15027 80OV €0.18
Type Price | Type Pres | 15529 1000v €0.23
74110  £0.41 | 74165  £0.78 | (3031 1200v £0.28
74111 €0.67 | 74166  €0.90 | “3amy
74118 €0.92 | 74174  £0.75 | N5400 SOv £0.16
74119 £1.36 | 74176 €071 | |N5401 100v €0.17
74121 €0.28 | 74176 £0.67 | |N5402 200v €018
74122  €0.45 | 74177  £0.67 | \N5404 400w 0.1
74123 €0.48 | 74180 €173 | |N5406 600y €0.24
74136 €0.60 | 741B1  €0.67 | |N6407 BOOv €0.28
74141 €0.83 | 74182 €081 | |N5408 1000v £034
74145  £0.63 | 74184  £0.81
74150  €0.78 | 74190  £0.78 RIA R
74151  €0.55 | 74191  £0.71 <
74153 €055 | 74192  €0.69
74158 £094 | 74193 06y | ZemeTOScme
74155  €0.58 | 74194  £0.71 B s
100 TR12A/100  €0.36
74156  €0.58 | 74195  €0.69
200 TR12A/200  €0.59
74157 €0.58 | 74196 €121 | S0 DoMET (000
74160 €0.67 | 74197  €1.21 i
74161 €0.71 | 74198 €213 | o
74162 €0.71 | 74199 €213 | °AT®
74163 £0.7
100 TR16A/100  £0.59
S €078 200 TR16A/200 €070
200 TR16A/400  £0.88
BRIU .
SILICON 1 amp
Type Price | Type Prce | Type N Price
CD4031 €2.30 | CD4046 £1.50 | SOv AMS BR1/50  £0.23
CD4035 €1.38 | CD4047 €1.00 | 100v RMS BR1/100 £0.25
€D4037 €1.09 | CD4049 £0.55 | 200v RMS BA1/200 €0.29
~D4040 £1.01 | C0D4050 €0.55 | 400v RMS BR1/400 £0.41
CD4041 £0.87 | €04054 £1.27
CD4042 £0.83 CD4014  £0.92 SILICON 10 amp
€04043  £1.01 | CD4055 £1.15 | Type No. Price
CD4044  €0.94 | (Cpa056 £1.56 | 50v AMS BR10/50 €1.73
CD4045  €1.61 | cD4069 £0.20 | 200v AMS BR10/200 £1.96
Type Price | Type Price, DIOD
%77;;?(: 20.52 TAASS0B £0.40 o ) . 8
0.52 AAG21A . ype Price pe d
UA741C .£0.28 ;AAZ;!G 2233 AMII0 £0.08 BYI00 £0.25
72781 €0.28 | TAAG61 €1.73, | AAY20 £0.09 BY101 £0.25
741P  €0.23 | TAD100 €1.50 |AA129 £0.09 BY105 €0.25
UAT47C - £0.69 | TBAS40 £2.42 | AAY30 £0.10 BY114 £0.25
72747 £0.69 | TBAB10S £0.86 | AA213 €0.17 BY124 €025
UA748  £0.40 | TBABIO £1.13 |BA100 £0.12 BY126 £0.17
748P £0.40 TBAB20O £0.81 BA102 £0.37 BY127 €0.18
SN76013N 1849200 £2.88 |BA148 €0.17 BY128 £0.18
3 TCA270§ €2.30 | BA154 £0.14 BY13D €0.20
SN76023N TBABO0 €0.92 |BA155 £0.16 BY133 £0.24
€2.01 | T8A120 £0.60 |BA173 €0.17 BY164 £058
SN76110 €1.73 | TRAG41a £1.84 |BB104 £0.46 BY176 £0.86
SNT6115 €2.19 | ZN414  g1.15 | BAX13 £0.08 BY206 £0.34
SN26660 €0.86 BAX|§ £0.08 8YZ10 £0.52
Add 50p post per orde quote
orde eque PO payable
A e 3 Ba aycard 0 3
RO A 0 887006

D R
10 b A M
g B A DO
8 80
DR
oits Price
S0 THY7A/50 £0.55
100 THY7A/100 £0.58
200 THY7A/200 £0.65
400 THY7A/400 €0.71
600 THY 747600 £0.89
800 THY 7A/ 800 €0.05
ofts, Prce
50 THY10A/50 £0.58
100 THY10A/100 £0.65
200 THY10A /200 £0.71
400 THY 10A7400 €0.80
600 THY10A /600 £1.13
BOO THY 10A/800 £1,40
Vohs No Price
50 THY164/50 €0.62
100 THY 16A/100 £0.66
200 THY16A /200 £0.71
400 THY 16A /400 £0.88
600 THY 16A/600 €1.03
800 THY16A /800 £1.59
Voits No. Price
50 THY 30A /50v €136
100 THY30A/ 100v €1.64
200 THY30A/200v £1.87
400 THY30A /400v €208
500 THY 30A/600v €4.03

| SILICON RECTIFIERS

10 Amp

1510/50 50v €0.21
1S10/100 100v £€0.24
1810/ 200 200v €0.26
1510/400 400v £0.40
15107600 600v £0.48"
1510/B800 80O £0.58
1510/1000 1000v ~ £0.69
1S10/1200 1200y €0.79
15307 50 50v £0.64
1S30/100 100v €0.79
1530/ 200 200v €1.06
15307400 400v £1.43
1530/ 600 600v £2.02
1530/ 800 800v €2.23
1S30/1000 1000v ~ £2.65
153071200 1200v ~ €3.31
60 Amp

1570750 50v £0.86
1S70/100 100v €0.96
1S70/ 200 200v €1.38
15707400 400v £2.01
1570/ 600 600v £2.58
1S70/800 800v £€2.87
IS70/1000 1000v  £3.45
» )

10 smp.

volts

100 TR110A/30C £0.88
200 TR110A/7200 £1.06 .
400 TR110A/400 £1.29

10 amp Plastic

vOits.

400 TR110A/400P
£1.29

DIACS
BR1OO £0.23 032 £0.23

SILICON 2 amp
Type No.

50v RMS BR2/50
100v AMS BR2/100
200v AMS BR2/200
400v RMS BR2/400

Price
€0.52
€0.55
£0.60
£0.67

SILICON 25 amp

Type No. Price
S50v RMS BR25/50 €£2.19
200v RMS BR25/200 £2.53

£0.07

1544  £0.06
15920 £0.07

1614 24 pin DIL £0.24

IN4148 £0.07 |

D YOUR ORDER O
.
AR .
)
O/no Size Colour Price
1501 125 RED £0.10
1502 125 GREEN £0.16
1503 125 YELLOW £0.16
1604 2 RED £0.10
1505 2 GREEN €0.16
1506 2 YELLOW £0.16
1509 2 CLEAR £0.12
{1 Red)
SUPER "Hi'Brite’ Type
1521 125 RED £0.11
1522 2 RED -€0.11
1514 ORP 12 Light dependent resistor  £0.70
i P71 Photo transistor 0.40
D
15087125 pack ot § 125 clips £0.17
1508/2 pack of 5 2  chps £0.20

DISPLA
DLIO7 + segment D.P. felt {0.3" he@¥hit) common
anode single digit 0/NO 1523 €0.80
DL707 RED. 7 segmem D P lehi {0.3"' height) common
anode single digh 0/NO 1510 £0.92

DL727 RED. 7 segmen D.P. right (0.5’ height)
anode. Two-digit-rettecior
O/NO 1524 £1.95

DL727 RED. 7 segment D.P. right {0.5" height)
common anode Two-digi hght pipe
O/NO 1521 €£2.53
DL747 RED. 7 segment D.P. left (0.6"' heighy)
common anode Single-digil ight pipe
O/NO 1511

€1.72
DPTU ULA

Isolation Breakdown — Voltage 1500 — continuous two
current 100mA
CIL74 Single-channel 6 pin DIP standard type —
optically coupled pair with infra-red LED emitter and
NPN sificon photo transistor O/NO 1497 £0.57
CILD74. Muluchannel 8 pin DIP vwo isolated channels
1498 €1.15
CILQ74. Myiti-channel 16 pin DnP 1ou1 i1solated chan-
nels /ND 1499  £2.53
JND RAD D PA
A pack of 10 standard sizes and colours which fail 10
perform 10 their rigid specification but which are ideal
for amateurs who do not require the full spec.
0/NO 1507 £1.04

|
1611 B pinDIL £0.09| 1615 28pin DIL £0.26
1612 14 pin DIL €0.11] 1723 40 pin ONL £0.34
1613 16 pin OIL £0.12 1616 TO18 transistor £0.13
1720 1B pin DIL €£0.18 | 1617 TO3 transistor £0.37
1721 20 pin DIL €0.20 | 16117 TO5 transistor £0.13

1722 22 pin DIL €0.22 | 1724 14 pin DIL Wire wrap

gold plated Cambion £0.25

TO18um to 2N706 /3 SY27 28 95A. All useable devices, no
open and shorts ALSO avaslable in PNP sm to 2N290 BCY70
20 for 87p; 50 tor €4.18; 100 for £2.07; 500 for £9.20;
1,000 for £48.10. When ordering state NP/ PNP

300mwW 40PtV (min) sub min. FULLY TESTED. Ideal for Organ
builders
30 tor 62p; 100 tor £1.72; 500 for £5.75; 1,000 for £10.35

1 : 3 A1 OR

Positive Case Price uA7912 10220 £0.25
uA7805 TO220 £0.75 uA7915 10220 £0.85
uA7812 10220 £0.75 uA 7924 T0220 £0.85
UA7B15 T0220 £0.75 uA7918 T0220 £0.85
uA7824 TO220 £0.75 7272314 pin ON  £0.52
uA7818 10220 £0.7% uA723C TOS9 £0.52

LM309K TO3 £1.72
Negative Case Price Tk 338 £0.12
uA 7905 T0O220 €0.85

R U100

400 mw (Bzy88) D07 Glass encapsulated range of
voltages availlable ¥ 3v 2 2v 2 7v 3 3v. 3 v 4 3y,
47v 51y 56v 62v 68v 75v 82v 91v 10v,
1lv 12v 13v 15v 16v 1Bv 20v 22v 24v 27v
30v 33v 39v No. 24 10p
Tw-1 6w Plastic and metal encapsulated Range of
voltages avaable 13v 22v 27v 33v 39v 4

47w 651y 56v 6§2v 68v 75v 82v 9 tv 10v
Tiv 12v 13v 15¢ 16v 1Bv 20v. 22v 24v 27v

JOv 33v 43v 47v 51v 68v T2v 75v 82v 91v

No.Z1318p
lOw metal sud type SJ1U case Range of voltages
No.Z110 a4p

available as above
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IF YOU HAVE kids (or can borrow
some), they make a great excuse for
building this project! Don't think that it’s
purely for children; though — judging
from the reactions we saw from adults
(especially our staff!), the game is just as
good for anyone young at heart.

The basic idea started from the old
‘hot potato’ game in which an object —
the hot potato — is passed from person
to person until some cue occurs, such as
the music stopping, as in musical chairs.
The holder of the object is then out of
the game and it proceeds with one
person less. Eventually, all but one
person is excluded and he or she wins
the game.

In this new version (which the office
wag dubbed ‘Irish Roulette’) the tossed
object is a grenade. Once the ‘pin’ (a
shorted 2.5 mm jack plug) is removed,
the grenade becomes active. After that,
making touch contact between the two
PCB plates on the outside of the box
causes a capacitor to charge. When it
has charged to a preset level, which is
the same as saying that the grenade has
been handled by the people in the game
for the required time, the buzzer goes
off — with no damage to life or limb!

The grenade will go off while a
particular person is holding it. It is highly
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Party Grenade

unlikely to go off in mid-air (though very

‘wet hands can leave enough moisture to

set it off). The faster your reaction and
the quicker you get rid of the grenade
the less likely you are to get ‘blown up’.
The grenade times at a rate independent
of damp hands or strength of grip, and is
reset by putting the pin back in.

Construction

The first job to undertake is the
construction of the PCB. Take care that
the diode, capacitor, transistor and the
IC are inserted the right way round. As
usual we recommend the use of an 1C
socket.

Mark and drill whatever case you are
using to allow for the jack socket,
buzzer and two touch contact-plates.
The touch contacts are made from
shaped pieces of PCB, etched in the
pattern shown in the photographs, to
imitate the visual appearance of a
grenade and are simply glued to the
side of the case.

Drill holes in the box underneath the
places where the PCB touch contact
board wires are to run. It is best to drill
the small holes in the boards first to
enable you to mark the positions of the

This Christmas, we think that you
should give your kids (and yourself)
a treat and build something with

no useful purpose — something

just for fun. Designed by
Jonathon Scott

holes to be made in the box. One touch
contact can be glued on the outside of
the case now, but the one which must
cover the screws will obviously need to
be left till last.

You can mount your PCB on the
inside of the case using nuts and bolts if
you wish but we preferred to hold ours
down using one of the proprietary
brands of double sided, adhesive pads
available.

Interconnect the board, buzzer,
battery and jack socket as in the
diagram, mount the battery using
double sided pads or jam it in place
with some foam rubber and screw on
the lid. Finally, the second touch
contact is glued on the remaining side
of the case. We found that a few small
drops of cyanoacrylate adhesive was
best, as it maintains good adhesion
during normal use, but the board can be
prised sharply off when the time comes
to change the battery. Remember to
follow the manufacturers’ instructions
when using the adhesive, it can be
dangerous. ]

The pin is made by simply shorting
the two connections together. Then if
you drill a small hole through the cover
of the plug a key ring can be used as a

finger pull. i§§'
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6-12V SOLID
STATE BUZZER

The circuit counts the period of time that the
grenade is held after the ‘pin’ has been pulled
and operates the buzzer when this period
reaches several seconds.

Initially, a shorted plug. (the ‘pin} is in-
serted in JK1, shorting C2. Resistor R1 holds
the inputs of IC1a high. Its output is therefore
low, so no current flows through R2/D1 (No
relation to R2-D2!)

The output of IC1d is high, so that Q1 is
biased off and the output of IC1c¢ is held low.
Quiescent current flowing in this state is
negligible — less than 0.5 uA.

If ‘the device is picked up and the skin
resistance of a hand placed across the touch

_How it Works

TO TOUCH PLATE ON OTHER

SIDE OF THE CASE

contacts, the output of IC1a goes high and a
small current flows through R2, but C2 re-
mains shorted out by the pin.

When the pin has been removed, however,
holding the device causes C2 to charge. D1

‘prevents rapid discharging when the touch is

removed by preventing current flowing back
through R2.

When C2 charges to the threshold of IC1b,
its output goes low and a monostable formed
by IC1c and IC1d turns Q1, and thus the
buzzer, on for abouta second.

The pinis then replaced to reset the circuit,
ready for another attack.

JACK PLUG
SHORTED INSIDE

Figure 1. The connection diagram of the HE Party
Grenade. Make sure you follow it carefully and

your project should go like a bomb!

Figure 2. The circuit diagram is shown below

— Buylines——

The solid state buzzer is about the only com-
ponent which may be difficult to find. Any of
the usual mail order companies should be able
to help.

The box is made by Vero and their code
number for itis 202-21026G.

Approximate price for the HE Grenade
should only be about £3. As usual this does not
include case or PCB.

c3
12 11 4 10u 8
IC1e I-
IC1b
13 9
R3
NOTE: 100K
IC1 1S 4011
Q115 BCA77
D11S 1N4148

Icid

R4
10k q
a1
c
%
=
iy ov
6-12V i,
SOLID 10u
STATE
BUZZER
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Party Grenade

___Parts List__

RESISTORS (All 4 W, 5%)

R1 560k

R2 220k

R3 100k

R4 10k

CAPACITORS

Cc1,3 10u 16 V tantalum
C2 22u 16 V tantalum
SEMICONDUCTORS

D1 1N4148

Q1 BC477

iIc1 4011
MISCELLANEOUS

6o 12V solid state buzzer

2.5 mm jack plug and socket

case to suit(see Buylines)

Figure 4. The inside of the case. There’s not a lot of
room left, is there?

A. Marshall (London) Ltd., Kingsgate House,
Kingsgate Place,|London NW6 4TA
Industrial Sales: 01-328 1009

Mail Order: 01-624 8582 24hr. service

Also retai) shops 325 Edgware Road, London W2
40 Cricklewood Broadway. London NW2 85 West Regent St Glasgow
108A Stokes Ciotr B -

We now supply the extremely reliable ’ H
and bost conscious, LEADE R range of The new Marshall’s 80/81 catalogue is now SINCLAIR INSTRUMENTS

testgear. available. A veritable treasure house of igies! T
SINGLE TRACE OSCILLUSCOPES .
510A 5 aMH; 20mV T Components, test gear, tOOIS, etc. i " DM235 £ 52.50

S13A 5 Tovine Tomv i = “ DM350 £ 72.50
5074 b 20MHz 10mV % * DM450 £ 99.00
Dlgital Frequency Meter
PFM200 £ 49.80
LBO AHCBA 5 20MHs 10V L P l'e) i
LBO 620A b" 35MH,  Smy €475 00 ow Fower Oscilloscope
LNO 414 & 10MH, LoV €255 00 4 - ,,{,,.u.'mll SC110 £139.00

1 V. RADIO TEST GEAR or ho NEW

LSG 16 Swnot Generaten € 49.00 e l I
LSG' 231 FM Steepn Supeat Ueneraton £169.00 - TF200 Frequency Meter
£145.00

LCG 3920 PAL B attven Geaneraten £189.00
TGF105 Pulse Generator
£ 85.00

CRIMSON ELEKTRIK HI FI

MODULES

CE608 Power Amp £20.09

CE1004 v . £23.43
CE1008 ] £26.30

EYE 367 Trsomieor Coospcr " : CE1704 *~  “ £33.48

LAT 47  Attenuator .| CE1708 v 0o £33.48

LAT 45 Attenuator

LFC 1300 Sween Fancren aeras c20900 | LOTS OF old friends, but also many new products | cPs1  Power unit £19.52
AMATEUR RADIO including leader test gear, Crimson Hi Fi s D
LOM 815 DIP Meuw . . CPS6 £30.00
LI B70A Ansenns Iourotance Meras Modules, Rechargeable NI Cad batteries and CPR1 Pre Am £32.17
LPM 880 RF Power Metr Y N 2

LPM 885 SWRWatt Metw chargers (very competitive). More components CPR1S Pre Amp  £42.52
LAC 895 Antenna Coupler X =he 3 All Prices + VAT + postage/

including SN74ALS series, new tools etc. bacienil
Please send large SAE for special Available by post, UK 75p post pa'd: Don’t forget! We also carry an

LAC 896 Antenna Coupler
LAC 897 Antenna Coupler

catalogue. All prices exclusive Europe 95p post paid: Rest of world £1.35 post | impressive range of semi conductors,
VAT /carriage. pald passive components, electro

mechanical components, tools etc.

DUAL TRACE OSCILLOSCOPES
LBO 3085 3" 20Mi, 2mV €419.00
©229.00

AUDIO) TEST GEAR

LAG 26 Awho Gensator € 60.00
LAG 120A Auclar Generator €119 00
LOM 170  Disturhgn Meper £225.00
LEM 39A  Wow/Flunier Meter (i €249.00
L#M 39A Waw/Flutter Mot 1D £299 00
LAV 191 Aao Tester

LAG 125  Low Distortion A Generator

GENERAL TEST GEAR

LCR 740 LCR Brulqe
LIC 906A Transistur Clhechor

e
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MITRAD

The premier mail order house
specialising in quality products and
superior after-sales care.

SEIKO QUARTZ

LCD MEMORY-BANK CALENDAR WATCH

'SPECIAL PRICE ON I.Y £49.95

plus 85p p&p. Usually £89 or over.

@ Displays hour, minute, second,
month, day of the week and date in 12
hour indication — or 24 hour at the
touch of a button.

. @ Button touch also displays month and
year and dates for a designated
month with Sunday dates flashing.

@ Stores dates in memory up to 11
ahead, flashes ‘'MEMO’ on
designated dates.

@ llluminated time and calendar
display.
® Display flashes when battery nears
life end.
@ Stainless steel case and wrist strap
(adjustable).

In presentation case with instructions.

A LIFETIME

WATCH AT A
BARGAIN-OF-A-
LIFETIME PRICE

Full refund if not
completely satisfied.

To Mitrad, 68-70 High Street, Kettering, Northants.
Please send me:

'Mi"Odr 68-70 ngh S'ree'r [:] MD609 watch(es) at £11.80 inc p&p

[ 1 MD606 watch(es) ot £10.80 inc p&p

Kettering, Northants. [ ] MD610 watch(es) ot £17.80 inc p&p [ ] MD607 watch(es) at £10.80 inc p&p
Tel: 0536 522024 [ ] Seiko Quortz watch(es) at £50.80 inc p&p [ ] MD608 watch(es) at £16.35 inc p&p
{ ] MD605 watch(es) at £12.80 inc p&p o

/ Totolvalueof myorder€ a4 B — L m E

| enclose cheque/PQO or debit my Access/Barclaycard No.__ =

This is a representative selection from  /
the collection of guaranteed leading / Nome
make and own brand watches offered
through Mitrad’s 7 day distribution

system and backed by Mitrad's own - - — — —
service organisation.

For c%m?le?e ﬁ)r(l)ducf ek iakg / B Credit Cord holders may telephone (0536) 522024 24 hours a day stating Card Number for immediote attention. All orders
Gl Wl e el izilelo i / despatched within seven doys, subject ta availability. Full refund if not completely satisfied.

Trade price list available for Mitrod Registered in England No. 2554356, HE
bulk orders. d_SoN e el W _ L L
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AARM CRONIEAAPY
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MD609 Gentleman’s super slim flog date
alarm. Only 4mm case thickness. Continuous
display of Kours, minutes, seconds and day;
optional display of date, month, year. 24 hour
slarm, aloarm mode indication. Back light.
nfinitely adjustable stainless steel strap. Very
atest technology.

£10.95 + 85p p&p

MD610 Gentleman'’s dual time melody alarm
chrono. Only 5mm case thickness. Continuous
display of hours, minutes, seconds plus date
and mode indications. ‘Running horse’ chrono
to o sec, 12 hour alarm plays 30 seconds of
'Yellow Rose of Texas'. Infinitely adjustable
stainless steel strap.

£16.95 + 85p p&p

MD605 Ladies musical oalarm  chrono.
Continuous display of hours, minutes, seconds;
optional display of day, date, month. Auto
calendar. Chronogroph with lop timing
facilities, to V1o sec. 24 hour alarm plays 30
seconds of Beethoven’s ‘Fur Elise’. Back light.
Infinitely adjustable stainless steel strap.
£11.95 + 85p p&p

MDé606 Ladies five function fashion LCD watch
with 3 year -battery. Continuous display of
hours and minutes, with month/date and date/
seconds available. Auto calendar. Only 6mm
case thickness. Back light. Infinitely adjustable
stainless steel strap.

£9.95 + 85p p&p

MD607 Ladies slim ‘sugar coated’ dress watch.
Continuous display of hours and minutes;
optional disploy of month and date. Auto
calendar. Back light. Integral watch and strap.
In gold or silver finish.

£9.95 + 85p p&p

MD608 Gentleman’s musical alarm chrono.

. Continuous display of hours, minutes, seconds,

plus day indication. Alsc month and date.
Chronograph with lap timing facilities, to Yo
se€. 24 hour alarm plays 30 seconds of
Beethoven'’s ‘Fur Elise’ or can be set to awaken
to a single note. Back light. Infinitely adjustable
stainless steel strap.
£15.50 + 85p p&p
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Building Site

Do you want to know all about printed circuit boards? Are they as difficult to make
as they seem? Keith Brindley explains how easy they really are

OVER THE LAST month or two | have
received several requests by readers, to
give all the gen about printed circuit
boards (PCBs) — why do we use them
and how does the hobbyist set about
making them him=elf (or herself)?

Well, the answer to the first question
is simple — we use them because they
provide the most convenient and
foolproof way of making connections
between components, without the
danger of short circuits and without the
use of a large number of interconnec-
ting wires. In Figure 1 you can see
photographs of the top and bottom of a
typical PCB showing the copper track
attached to the surface of the insulating
board. It doesn’t take much imagina-
tion to picture the project if all connec-
tions had to be made with wires.
Nothing can beat the neatness of a PCB
in project construction and this is the
reason why HE and our sister publica-
tion ETI have always used PCBs in pro-
jects — foryour benefit.

As for the second question, there is
no mystique to home-made PCBs (the
real art is in the foil pattern design). The
process is a straightforward, scaled-
down version of commercial processes
and is suited to the hobbyist in both
ease and expenditure. There is no need
for elaborate equipment which would
be out of the home constructor’s price
range and likewise you don’t have to be
an expert. Just a few simple hints should
be all that’s required to enable anyone
to do-it-themselves.

Figure 1: Photographs of the bottom and top of a typical p

a
)

INSULATOR

¥
COPPER

RESIST
COPPER

s25cEMRY
SIS/ RS Y

IS I IV

RESIST

CIRCUIT LEFT AFTER ETCHING
AND REMOVING RESIST

 Figure 2: Above four stages in the life of a PCB

Left: Using the ‘dots and tape’ method of resist

rinted circuitboard

Brass Tacks And Copper Tracks
PCBs start off in life as copper-clad
board, the general construction of
which can be seen in Figure 2a. The idea
is that unwanted areas of copper are
removed by a copper-dissolving or et-
ching agent (normally ferric chloride),
leaving behind the wanted areas of cop-
per (the foil pattern). It is this pattern
that is used to make all the interconnec-
tions between components. The foil
pattern obviously needs to be protected
from the etchant whilst the board is in
the etching bath, and this is done with
the use of an etchresistant material
usually known as the ‘resist’. Figure 2b
shows this. The resist can be any one of
several materials — even common-or-
garden household paint can be used as
long as it is etch resistant. Figure 2¢
shows the board after it has been etch-
ed; the unwanted copper areas have
been removed, leaving only the foil pat-
tern which is known as the track. Lastly
the resist is removed and the board is
ready for drilling and use.

Which Method To Choose

There are at least three main ways in
which readers can make their own PCBs
in the above manner at a reasonably
low cost.

The first is the tracing method. Pro-
vided that you have the foil pattern in
front of you, it is a simple matter to
transfer the outline to a sheet of tracing
paper using a soft pencil. Once the pat-
tern has been drawn, turn it upside-
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down and copy it on the reverse side.
Place this over a clean piece of copper
sheet and rub it over with the pencil.
When the design has been transferred to
the copper sheetfill in the track outlines
with a fine brush with either enamel or
cellulose paint. When the paint is dry
the board is ready for etching.

The next method should be used
when making boards which have ICs on
them. The important point to remember

is that the holes for the IC pins must be -

correctly aligned. This can be achieved
by taping the board (copperside up) to
the underside of the traced pattern (for
an HE project, tape the board to the
underside of the page where the foil pat-
tern appears). Now, with a sharp
pointed scriber or similar tool, carefully
mark through, onto the board, every
hole position indicated on the paper.
Remove the board and apply a resist to
fill in the tracks around the holes accor-
ding to the original pattern. Paint can be
used as suggested above but this does

Using HOBBYPRINTS as a resist. A
burnisher can be used as in the
photograph or alternatively a soft
pencil works equally as well.

require a steady hand. Alternatively
etch-resistant transfers (for component
holes) and tape (for the track) can be us-
ed. These can be bought from any good
drawing office supplier although, in-
evitably they cost slightly more than
paint. Their advantage however, is that
they can make a neater PCB.

The remaining method of PCB con-
struction for the hobbyist is the use of
our own HOBBYPRINTS. Month by
month, HOBBYPRINTS provide a rub-
down transfer method of reproducing
on to PCB the whole etch-resistant foil
pattern for immediate etching use. The
photograph shows its use. You'll find an
advertisement for HOBBY-PRINTS
close to the foil pattern page every
month and they are well worth the
measly sum involved in their purchase.

Take Care
Etching a PCB need not be tricky but it

can be messy if you don’t take care. The .

etchantis usually Ferric Chloride, which
can be bought at most chemists or

chemical wholesalers. Now this stuff is
nasty. If you get it on your clothes they
can literally fall apart. Use a plastic tray
or an old food container for the etching
bath and be careful how you pour it —
try not to splash — if you do, wash im-
mediately with cold running water. A
good, fresh, strong solution of the stuff
will etch your PCB in only a few
minutes. A point to bear in mind at this
stage is that as the reaction takes place
a blackish deposit forms on the surface
of the copper. If.this is not removed
then further reaction is slowed down.
The deposit must be removed by either
agitating the etching bath slowly
backwards and forwards (extremely
carefully) during the process or by mak-
ing use of the surface tension of the
fluid and floating the board copper-
side-<down on the surface. The deposit
falls to the bottom of the bath leaving a
constantly fresh copper surface for the
reaction to occur. The only disadvan-
tage is that you can’t see the surface of
the board to judge when the reaction
has been completed.

Wash the board thoroughly after it
has been etched and clean off the resist
(using wire wool or sandpaper) to give a
shiny clean copper surface. Finally, all
component holes have to be drilled.
One of the commercially-available,
modellers’ drills can be usedfor this, fit-
ted with a 1 mm bit Such drills cost
around £10 but this is money well spent
if you are going to construct more than
just a couple of PCBs a year. Making
your own boards will work out much
cheaperthan buyingthem ready-made.

And that’s it! The next stage is the in-
sertion of components to complete
your project. Nothing to it really is
there? — when you know how. HE

1

Figure 3. Etching a PCB by floating the board on the surface of the ferric

chloride.
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Figure 4. A modeller's drill fitted with a 1 mm bit can be used to drill ali
component holes.
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AND THERE’'S MORE WHERE THIS CAME FROM

It's a long time since one of our adverts was presented in ‘list’ form - but simply because we do not try to squeeze this lot in every time
doesn’t mean that it's not available. OQur new style price list (now some 40 pages long) includes all this and more, including quantity prices
and a brief description. The kits, modules and specialized RF components - such as TOKO coils, filters etc. are covered in the general price
list - so send now for a free copy (with an SAE please). Part 4 of the catalogue is due out now (incorporating a revised version of pt.1).

LINEAR ICs - NUMERIC LISTINGS TTL Nand LSN 7443 1.15  74LSll2 0.38  741S169 2.00  VARICAP TRANSISTORS  capaciTORS
TBAL20S  1.00 KB4413 1.95 74448 1.12 7415113 0.38 74170N 2.30 TUNING DIODES AUDIO DEVICES  All S5mm or less spacing
1200 1.95  KkB44l?  1.80 74008 74458 0.94 7415114 0.38  74LS170 2.00 BAI02 0.30 BC237 0.08 - L
U237 1.28  TOn4420  2.25 74L500 74468 0.94  74118N 0.83  74LS174 1.20 BA121 0.30 5238 JONTEIM[MEHCLC 50y

i ol ey |y 7401N 74LS47 0.89 741208 1.15 741758 0.87 ITT210 0.30 CoD @ | Cfot SR LU

U2578  1.28  KkB4423  2.30 74LS01 7448N  0.56  7412IN 0.42  74LS175 1.10 BB204B 0.36 BC307 0.08 | 8P2.106,15¢,16P..0.04
U2678 1.28 KB4424  1.65 74024 741548  0.99 74122 0.46 74176N  0.75 BB1058 0.36 BC308 0.08 §;§g§§32’£‘133p 0.05
IMIOIH  0.67  kB443l  1.95 741502 740849 0.99 7412 0.73  T4l7IN 0.78 BBL09 0.27 | BC309 0.08 | \qupouGpiaz0p
IM3OIN  0.30  ~ kp4432  1.95 740 745N 0.17 74LS124 1.75 74181N  1.65 MVML25 1.05 BC413 0.10 | 330."5000 90, . .0.055
(M308H 0.9 KB4433  1.52 74L503 74LS51 0.24 74125N  0.38 74LS181 3.50 BB212 1.95 BC414 0.11 1IN0, 2N2 ';'3 :7 -
IM308N  0.65  .KB4436  2.53 7404N 7453 0.17 7415125 0.44 7415183 2.10 KV1210 2.45 BC4l5 0.07 lon” (o'oT ;': "8'82
IMI39N  0.66  KB4437  1.75 741504 7454N 74126N 74184N 1.35 Kv121l 1.75 BC416  0.08 W ek |
IM34BN  1.86  Kp44ds  2.22 7405N 741554 7415126 741858 1.34 KV1226 1.95 BC546  0.12 e i 0.09
LFISIN  0.38  KB444l  1.35 74L505 741555 74128N 74LS190 0.92 k1225 2.75 | BCSS6 012 | ot Ceramic
LFISN  0.76 KB44ds  1.29 7406N 74608 74138 741928 1.05 KV1215 2.55 BC550 0.12 Ok B
IM374N  3.75  KB4446  2.75 7407N 741563 7415132 7415192 1.80 Kv1225 2.75 BC560 0.12 GACENCGEL - < - 3 o
M380N-14 1.00  Ku4448  1.65 7408N 7470N 74LS136 741938 1.05 Loy 022 |1 DERERY

LM380N-8  1.00 NESO44N  2.26 741508 74728 2 74LS138 7415193 1.80 BC640 0.23 INO SOLDER IN....0.09
LMIBIN 1.81 NE5S 32N 7409N 747N T414IN 74194N  1.05 25C1775 0.18 5
ZN41CE 1.95  Speooo 741509 741573 7414 74196N 0.99 T8 Teo~ 2ara et | SeiE s I
NES4AN  1.80  S1£270 74108 7474N 741438 7415196 1.10 o o5 25D666A 0.30

NESSSN  0.30 816310 74L510 741574 74144n 7415197 1.10 o 2speden 0.30 [ LON.ZAN3M......0.17

BA244 0.17
NES56N 0.50 SL6600 74118 7475N 7415145 74198N 1.50 25D668A 0.40
NES6ON  3.50 516640 741511 7476N 1.60 BA379 0.35 220N, 470N, .......0.22

I 74199N 25B648A 040
NES62N 4.05 SL6690 741M 741576 TDAL061 0.95 D U 0.29

74148N 74L5247 0.93 2SD760 0.45
NESGAN  4.29  gre700 74130 741578 2415148 7415257 1.08 SIGNAL DIODES 5000 "4 | poLvESTER (GENERAL)
NE565N 1.00 1CL803BCC 7414N 7480N

241508 74L5260 1.53 3 2502546 0.19 | 10mm LEAD SPACING
NES6EN  1.60  MSL9362 74LS15 748N G 745279 0.52 1N4148 0.06 2521084 0.20 | 10N,15N,22N,33N..0.06
NESTON  3.85  moLole3 7416N 7482N 2415151 7415283 1.20 IN400L 0.06 2502547 0.19 | 47N,68N,100N. ....0.08
51624 3.28 HAll211 741N 7485N 74153N 74L5293 0.95 1N4002 0.07 25A1085 0.20 220N.¢.veveinoens 0.11
TBAGS]  1.81  pal1223 7420N 741585 e 74L5365 0.49 INS402 0.15 20mm LEAD SPACING
GATOIHC  0.64  ya11225 741520 741586 741548 745366 0.49° o9l  0.07 SEUICES 220N,330N,470N. . .0.18
GATO9PC  0.36  1AI2002 742IN 7489N 74155N © 7415367 0.43 AALL2 0.25 e e om ] T
GATIOHC  0.65  1a12017 741521 7490N S natn 745368 049 BRIDGES : e TN PACING
GATIOPC  0.59  nA12402 74238 741590 741568 7415374 1.80 1A/50v  0.35 g 0, o B e e~
GATALCH  0.66  wa12411 7425N 7491N ey 7415377 1.95 ea/200v 0.75 | 23K133 3.00 oo Y
UAT4ICN  0.27 HAL2412 742N 74LS91 7415157 7415379 1.30 25K1'34 3.10 20mn LEAD SPACING
G747 0.70  [r13741  0.33 741527 74928 s 7415393 1.40 R o | S
UAT4BIN  0.36 SN76660N 0.80 7428N 741592 74159N 25350 3.75 !
WA753 2.4 741528 7493N 74160N e A GOl TANGIR T ER s L POLYSTYRENE
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Olevel Q& A

Now for some actual components. Nick Walton looks at the most basic
building blocks of electronic circuits — Resistors and Capacitors

THIS MONTH we look at two fun-
damental electronic components; the
resistor and the capacitor.

In electronics books and magazines
hardly a page goes by without
resistance rearing its little ohms sign,
because any circuit will offer some sort
of resistance to the flow of current. It is
defined in terms of our two basic quan-
tities, the ampere (flow of charge, or
current) and the volt (the push giving
energy to make the charge flow) dealt
with last month. Logically the unit of
resistance, the ohm, is defined as the
resistance that allows a current of one
amp to flow when a voltage of one volt
is provided. Georg Simon Ohm’s law
states that current is directly propor-
tional to voltage for steady temper-
ature; that is, treble the voltage gives
treble the current and so-on. This rela-
tionship was actually discovered by an
Englishman, Henry Cavendish, who
never bothered to publish his work.
Perhaps just as well because when
Ohm did so, it was so severely criti-
cised that he lost his job as a school
teacherin Germany.

Mathematically, Ohm’s law says
that:
volt

amps = a constant value (the resist-

ance in ohms)
whichis thesame as:

volts = amps x resistance,
and

— volts

amps ;
all of which can bd St SFsed in the
form shown in Fig.1.

Another helpful way. of looking at
resistance coming from the volts/amps
idea is to regard, say, five ohms as five
Figure 1. The Ohm's Law Triangles

v
A R

volts per amp; that is, a resistor which
needs five volts to produce a current of
one amp. Of course this assumes
things do not get hot — which is fair
enough in theory but not in practice. By
the time you are thinking of a 12kR

resistor as 12,000 volts for its

statutory one'amp current the poor lit-
tle thing is probably sizzling quietly
away — red-hot or better!

where the resistors are connected in
parallel. The resistance of the com-
bination, Rz, is contained in the for-
mula:

This can be shown by realising that
the total current iss must be the sum
of whatis flowinginR1and R2
(i.s= iry + ir) and then by using
the Ohm’s low triangle to express cur-

7 CURRENT
CURRENT _| CURRENT
-
VOLTAGE = VOLTAGE .
TIII]IIIT T 1T 10T 1T T 17 fnllllilx||7
TRANSISTOR (NON OHMIC)

OHMIC CONDUCTOR
{e.g. RESISTOR NOT OVERHEATED)

Figure 2. Ohmic and Non-Ohmic conductors

Few conductors obey Ohm'’s law
with 100% obedience, but it is still an
incredibly useful generalisation. Con-
ductors which show a total disregard
for it are called non-ohmic and include
many electronic devices like diodes
and transistors. A current-voltage
graph of a well-behaved ohmic con-

.ductor shows a steadily rising straight

line in keeping with the ‘treble voltage,
treble current’ proportionality idea.
Fig.2 shows this as well as diode
deviations and transistor transgres-
sions.

Sometimes, you have two or more
resistors together, they may be in
series, as indicated in Fig.3. Here, to
get the total resistance you simply add
them up, givingR ..., = R1+ R2.

The other way of combining them is
to ‘branch’ the circuit as in Fig.4,

DIODE {NON OHMIC)

(BASE CURRENT UNSPECIFIED)

rent in terms of resistance and voltage.
(Remember that the voltages across
AB, R1 and R2 are all the same.) It is
useful to bear in mind that with
resistors in parallel the resistance of
the combination is always less than
the value of any individual one.

— W ANAN——

R1 R2

Figure 3. Two resistors R1 and R2 in series

Such talk of changing resistance
leads to thoughts of how a variable
resistor might be used. Variable
resistors or potentiometers consist of a
length (AB) of resistance material,
sometimes straight, sometimes curv-
ed, constructed so that you can use all
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»
MEANS EITHER OR OR
AMPS =RES AMPS= | RES AMPS x RES
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R2

Figure 4. Two resistors R1 and R2 in parallel

oronly a part of it(see Fig.5).

Now, if you put a fixed voltage (say 3
volts or 3V) across AB then you can tap
off any value of output voltage up to 3V
depending on the position of the slider.
For example, with our 3V across AB we
can get one volt if the slider is a third of

SLIDING

OisBlack 5is Green
1isBrown 6isBlue
2isRed 7is Violet
3isOrange 8is Grey
4isYellow 9is White

‘ QUALITY BAND

N\ NUMBER OF NOUGHTS
G LCagES t {MULTIPLIER BAND)

Figure 8. Secrets of the resistor colour code

The first two bands give the first two
figures and the third band the number
of noughts, as indicated in Fig.8. For in-
stance a value of 47 000 R would have

A CONTAEY ‘ 2 CIRCUIT' —/\E

- —)

Figure 5. Variable resistance principle

the way up from B. This is called a
potential divider or potentiometer or
just‘pot’ (quite legal!).

The variable resistor is also used in a
series control system — the sort of thing
you use to control the volume of your
radio. You might, for example, have one
stage of an amplifier in series with the
next stage, and you control how much
voltage is fed to the second stage by the
variable resistor.

A

3VOLTS

. - SLIDING
CONTACT

+—0

B i

1

OUTPUT CONNECTIONS
ANY VOLTAGE FROM
0-3 DEPENDING ON
POSITION OF SLIDE

Figure 6. The voltage divider or potentiometer

FIRST STAGE A x: A SECOND STAGE
OF AMPLIFIER OF AMPIFIER

/

Figure 7. Variable resistor used as a series control

Colourful Codes

Finally, a colourful ending: a resistor’s
value is not written but denoted by
three coloured bands. Each figure0to 9
has its own colour thus:

50

SYMBOL
OR

the first two bands yellow (4) and violet
(7) and then an orange band to tell you
that there are three noughts to follow.
The fourth band is a quality band is
most frequently silver or gold. Silver
means that its actual value is within
10% of what it should be. Gold is 5%.
Three other colours of quality band
may be encountered: salmon pink is
20%, red is 2% and brownis1%.

Capacitors

The capacitor (old name condenser, an-
cient name Leyden jar) is a very dif-
ferent little fellow and can best be
regarded as being two metal plates,
close together but insulated from each
other. If you put, say, negative charge
(that is, electrons) on one plate, these
will repel electrons from the other plate
and you end up with an equal amount
of positive charge on the other plate.
Negative charge on one plate and
positive charge on the other is equiv-
alent to saying that you have a voltage
across them, because if they were now
connected to-a resistor a brief current
would flow until the charges had even-
ed themselves out again (called dis-
charging a capacitor). So connecting a
capacitor to a battery as shown in Fig.9
charges up the capacitor.

There has been a brief flow of cur-
rent as charge flowed from the battery
onto the capacitor plates. It builds up
until there is a voltage which exactly op-
poses the voltage the battery has to of-
fer, at which stage there is no further
current. This is why a capacitor can be
used to block direct currents — a func-
tion known as a DC block. If we sud-
dently reversed the battery, the

capacitor would discharge and then
.charge up the opposite way round (Figs.
10a and 10b).

Continually doing this is none other
than alternating voltage and the little
squirt of current that results eachtime is
3vVOLTS BATTERY

(NEGATIVE
+|. _ TERMINAL}

=

POSITIVE
TERMINAL

+

Figure 9. A capacitor being charged by a battery

our old friend alternating current. So
while a capacitor will block direct cur-
rent it is happy to let AC pass. Indeed it
even has its own Ohms rating (called
reactance)given by:
where = 3.14 as in circles, f is the
AC frequency and C is the value of
capacitance, to be dealt with next.

Different-sized capacitors clearly
need different amounts of charge to
produce one volt between their plates.
So a capacitor is rated by the number of
coulombs of charge it needs to produce
1 V across it. This is expressed in
coulombs per volt and one coulomb
per voltis known as one Farad.

A one Farad (1F) capacitor would
need one whole coulomb to produce
one volt across its plates. Thus:

Farads = coulombs
or

(where C is capacitance in Farads, Q is
charge in coulombs and V is voltage in
volts).

Actually a Farad is an inconvenient-

&

i o
=
a5
FLLES

l l
ol

Figure 10. Discharging a capacitor by reversing
the battery a) Just after the battery terminals have
been reversed. b) Finally fully charged the other
way
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c1 c2
“ e =
b)In series
—"— a)Inparallel 1=1+1
c2 L A=1+1
Cas =C1 4+ C2 Cas C1 C2

Figure 11. Combinations of capacitors a) In parallel b) In series (Note that this is the opposite to resistors)

ly large unit — the plates would have to
be a few square miles in area — so the
most common unit is a millionth(106) of
a Farad, a microfarad or uR (muff).
Sometimes this is still too large and a
millionth of a microfarad is used, called
a picofarad (1072 F, pF or puff). You oc-
casionally see nanofarads(nF)used, and
that’s intermediate between muffs and
puffs at 10° Farads. Nuff said.

Like resistors you can arraange
capacitors in series or parallel: you add
together the individual capacitances to
get the total combination. When they
are in series you have to add their
reciprocals to get the reciprocal of the
combination(see Fig.11).

We are now ready to consider RC cir-
cuits; that is, a resistor and capacitor
together in the same circuit. A charged
capacitor allowed to discharge through

I; 10VOLTS
*
+

(o

{a) INITIAL CURRENT
=1mA

Fig.ure 12. Capacitor discharge through a
resistance

a resistor produces a fascinating
chicken-and-egg situation on careful ex-
amination. Suppose a capacitor, charg-
ed to 10V, starts to discﬁarge across a
10 000 R (10kR) resistor (Fig.12a). By
Ohm'’s law the initial current is one
milliamp (1mA). But as the charge starts
to flow off the capacitor, less charge on
the plates means less voltage across
them and hence across the resistor. So
the current flowing in the resistor drops
(see Fig.12b). A graph showing how cur-
rent decreases as time goes by will look
like the one in Fig.13. In fact if the cur-
rent took, say, ten seconds to drop to
half the original value, it would take
another ten seconds to drop to half that;
thus halving its value every ten seconds.
Such a slowing down is called an ex-
ponential decrease and is found to pop
up all over the scientific scene, especial-
ly in radioactive decay and chemical
reactions.
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If you want to alter how long the
capacitor took to discharge in such a
circuit you could doso in two ways. You
could-either get a larger resistance in
which case the charge would flow off
the capacitor more slowly. (that is,
smaller current), or you could begin
with a much larger original capacitance
which, for its voltage, was carrying a
much larger charge. Indeed if you
multiply together the R and C values
(ohms x farads) you get what is called
the ‘time constant’ of the circuit.

A careful (incredibly intelligent) look
at the units of ohms multiplied by
farads will reveal that they turn out to
be seconds. So the time constant of a
circuit with a 1000uF capacitor (103F)
and a 20kR resistor will be 20 seconds
(20s). This is the time for the charge (or
current) to drop to between a half and a

$ 8svoLTS

&

CURRENT DOWN
TO 0.8mA

(b) LATER. CURRENT HAS FLOWED,
i.e CAPACITOR HAS LOST CHARGE
SO ITS VOLTAGE IS REDUCED AND
LESS CURRENT FLOWS

third — to be precise to 2.718 — though
the significance of this weird number, ‘e’
to its friends, is quite another story.

Capacitor Construction
So far as construction goes, capacitors

6

~
|

CURRENT

I T |
10 20

Figure 13. Current from a capacitor through a
resistor. An exponential curve

30 SECONDS 40

come in many different shapes and
sizes, and with many practical capaci-
tors the plates are rolled up Swiss—oll
fashion. Try unrolling a paper capacitor
some time. My daughters have discov-
ered, that they make very smart dolly’s
loo rolls!

The plates can be very thin alumin-
ium foil or a thin silver layer deposited
‘on a plastic such as polystyrene,
polyester orterylene.

PLASTIC FILM
DIELECTRIC 33

METAL FOiL

““ENTIRE EDGE OF
FOIL SOLDERED TOGETHER
ALSO TO LEAD

Construction of a polystyrene capacitor

For high values, about 1 uF to 10 000
uF electrolytic capacitors (‘elcos’) are
used. These consist of two sheets of
aluminium foil separated by paper im-
pregnated with an electrolyte like
aluminium borate. A small current
forms a very high-resistance aluminium
oxide film on the surface of the plates
and it is this which acts as the insulator
between the plates. Connecting an elec-
trolytic the wrong way round or ex-
ceeding the rated voltage can destroy
.the film. Result? Bang! Wochit!

. +

A selection of capacitors

If you are still awake and totally con-
fused, never mind —that’s the lot for
this month. Make sure you read lan
Sinclair on the digital bit, because that’s
all part of our course and | will not be -
duplicating it, though later | shall point
out exactly what our course requires
digitally. One other thing — start think-
ing about a project to build and about a
case study on a topic you find in-
teresting. Its all go! Watch those elec-
trolytics — take care and see you next
month. HE
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74121 35p :ggg 1 ng ¥l o X7 :11:3 :dive Filésln Cookbot;k = £10.98
74123 a5, 68p v B t wiation Electronics 3rd Ed. £6.75
74158 9op | 4094  225p EKCAMLIILLE] The SE-O:is a complete kit that] 21558 AudioIC Op Amp Applications 2nd Ed. £5.95
74167  ssp | 4095 99p contains all 21624 The Cheap Video Cookbook £4.50
74122  asp § 4096  325p § FONITY 801 $/0 i s || the parts to - | 21398 CMOS Cookbook £7.75
78125  sop [ 4098 110p 299! build a pro- W™ o 83 3 - 21539 Design of Active Filters with Experiments €5.95
74195 100p [ 4099 180p | FO1791 BO1 D/0 levartes Bus grammable 21537 Design of Op Amp Circults with experiments £5.95
74196 100p [ 4501 25p 4995p sound effecis F P 21545 The Design of Phased-Locked Loop Circults with Experiments £6.75
74283 140p | 4502  112p | FOITR2 B0l S/ leverled Bus enerator . 21686 Design of VMOS Circuits with Experiments NEW! £5.98
74290 120p | 4503 68p 34950 esi ' 5 21618 Electronic Telephone Projects £4.95
74365 80p f 4507 52p | FDVIE 801 /B Tres Bas 21127 How to Read Schematic Oiagrams 3rd €d. £4.25
74366 90p 4508 288p o o 21613 How to Use Integrated Circuits Logic Elements 3rd Ed. £4.50
4510 76p 21527 1C Converter Cookbook £10.50
4511 125p e 1, 21685 1C Op Amp Cookbook 2nd Ed. £11.25
741500 18p [ 4512 780 | RIS 00 i s 21416 IC Timer Cookbook £8.50
A 74501 92p 4574 2500 side sotoct P 21601 tation: T i €8.95
741504 15p [ 4515 290p || FoRI97 8 0/0 Trea Bus. 21452 Learn Electronics Thru' Tloubleshoolmg 2nd Ed. A £8.28
741508 20p J| 4516 1099 wleseiect 592% 21684 LC Circurts £4.36
7at810  13p | 4518 99p ) 21542 Logic and Memory Experiments Using TTL Integrated Circuits — Book 1 £7.50
74511 30p [| 4520 99p Switches and 21543 Logic and Memory Experiments Using TTL Integrated Circuits — Book 2 €7.50
741812  30p [ 452! 230p [T 520 a35p | POIS to pro- 21588 Linear IC Principles, Experiments and Projects 2nd Ed. £7.50
741814 60p [ 4526 105p | 6522 7959 [ 97am  the 21612 Oscil i & E £8.75
741515 38p [ 4527 130p | 6532 ggsp | varous com- 21635 99 Practical Electronics Projects 2nd Ed £3.75
741820 19p [ 4528 9% | g551 1095p || binations of 21599 Practical Low-Cost IC Projects 2nd £d. £3.50
741830 19p [ 4529 140p | ga10 375p the L 21557 Practical RF Ci Data tor Engineers and T ici €8.75
741832  25p [f 4531 150p | 6850 . a2sp Oscillator 21482 Reguiated Power Supplies 2nd Ed. £7.50
741540 26p [ 4532 125p § 6921 az2sp [| VCO. Noise 21419 Security Electronics 2nd Ed £4.50
741542 56p [ 4538 150p || gg50 a25p | One Shot 21621 Sotar Heating £5.25
741547 78p | 4543 180p | ggs2 425p | and Envelope Controls. A Quad Op Amp | 21035 TTLCookbook £7.25
'Ngdg Bgn 8;‘2 :::l’ IC 1s used to implement an Adjustable g:;?g 1\” g g"::‘“:" i 3rd Ed. g‘;-:g
74154 9 8214 [:] ypewriter Cookbool #
741873 30p % I 6216 39sp || Pulse Generator. Level Comparator and | 31339 viteq Security Systems £5.25
741574 30p 8224 395, [ Multplex Oscnllllalor‘ior even more ver- 21621 Video Tape Recorders £7.50
741575  39p 8228 395p | satility. The 3% x 3* PC Board features a
741586 39p Pl §251 495p prototype area to allow for user added “q
;:tg??n 4 g;gg 1:§:p cireopi Easilvipionspedstoidupiiogte 3%-DIGIT LIQUID CRYSTAL DISPLAY
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;:tg:;g 74C76 op g;g; :ggg: or almost an infimte number of other TUNES SYNTHESISER SUthELbatdIndCTo
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7a(2138 74€97 780 PIO 5950 | cations. The low price includes all parts. | e iog & & '3 Seremse B e e I HiB.6
b SHon o eI 29ep | assembly manual. programming charts, | 25 eMrest papstar and cassical lenes. i asdifion | l@ 0.5in. Dign Hoight
;dtg:gg 74C160 §§3§ 2'1(:; 595: and detailed 76477 chip specifications 1t total ol 75 funes @ ULTRA Low Power Conlumplion
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CE DODOLE. STAR SPANGLED BAMNEN. CLEMENTINE. GOD SAVE THE QUEEN. 0 SOLE | versatile and truly remarkabite IC
?14“[2;;15 I-I N EA R Ic S INEAR UNIVERSAL SCR 80, WESTIMNSTER CHYMES, and DESCENOMNG OCTAVE CHIME PLUS MANY MOREL | Special price Only £2.25

30 p ) ¢ instracli 12 page data 25p
7415257 6950 | mc1488 90p €106D 400V/5A Sale L e cHuRCS e 18R £6.95 | Matching red bar display MV57164 €2.25
o120 mé 2500 | mcrase sop Data 26p
raiS36e | e v | weW AY3E910 B
18p § 75154 125p oE
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TetSa7s vaoe T o< THE NEW ULN-2232A INTEGRATED MOTION DETEGTOR
4 .
jaisa7) vewe | iciaoss 7371 3% qweet e The most SOPHISTICATED MOTION DETECTOR available!
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LM380 8197 175p amphtude controls. 16-bit envelope penod and h-gh—cunem output drivers. Add on five small capacitors, a speaker and power source and you turn this
1M1496 control 2 paratiel 1 /0. 30/ A converters plus he-art device into a Motion Detector sensiive to small changes in light level as 8 tunction ol ume
w8z m more Il in 40 pi DETAILED DEVICE OESCRIPTION AND APPLICATIONS INFORMATION INCLUDED WITH EVERY ULN.2232a
g LEDs uch more All n 40 pin DIP. Super easy to S TviESison L
L nterface 10 the S-100 or other Busses.
TIL 209 9p
LM3300 QOnly £€8.50 + VAT, ncluding FREE repnint of
LM3914 2y 1e2 | -8vTe 79 ancet Aiso. add €325 for 60.page Ordering informatian, Unless otherwise  Minmum telephone order  200ress ang card no. writ
tm?gégo n220 12p data manual stated, for orders under £50 add 50p p&ip. using ACCESS is £10. tt ten &early. Please allow
NES55 ma2? 15p Pethaps the next lamous composer will not Add 15% VAT to total (no VAT on books). Alt ordering by post with 4/6 weeks delivery on
n22a ép directa 150-piece orchestra but. rather, a trio of devices are brand new. factory prime and full ACCESS, inctude name, books.
:g:g ::P :éi’?gs 85p g\ét‘fgcamawsfj fo";'gﬂ"'"g @ bank of AY-3. spec and subject to prior sales and
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B a2p || 18a81008S 85p | FNOSOO  8OR LA
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Transistor

Tester

Test NPN or PNP transistors

quickly and easily with this cheap

and simple-to-build project
for beginners

OVERKILL: Have you ever heard that
word? It means taking a design too far,
pushing it from the sublime to the
ridiculous by making it too complex
when there is a much easier and more
economical answer.

Well nobody can accuse our
designers of ‘overkilling’ the HE Tran-
sistor Tester. If you take a close look at
the circuit diagram you will see that the
design is simplicity itself. Only 11 com-
ponents make up the circuit. That
doesn’t mean that the HE Transistor
Tester is too simple or that it can’t be
as good as more complicated designs.
Far from it — our circuit is all that's
necessary to make a good, reliable
piece of test gear which is easy to build
and exceptionally useful. Now you can
test your transistors before use, making
sure that they are fully operational.
Think how many hours of faultfinding
you can save yourself when building
projects!

The circuit is built around a two-
transistor circuit and uses LEDs to in-
dicate when the transistor under test is
operational. A simple potentiometer
compensates for different transistor
characteristics and its position can be
calibrated to give a visual readout of
the transistor’s current gain.

To test a transistor, start with RV1 at
maximum resistance, connect the tran-
sistor, and rotate RV1 just far enough
to cause the appropriate LED to light.
The approximate gain can then be
determined from RV1’s scale. If the
LED remains either switched on or off
(regardless of RV1’s setting), the test
device is almost certainly a dud.
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To simplify the NPN/PNP switching, the unit
has separate circuits for testing the two types of
device, and this is an economically sound ap-
proach because of the simplicity of each sec-
tion.

If we consider the unit in the NPN mode
first, a base current is fed to the test device via
SW1, R1, and RV1. By means of RV1 this cur-
rent can be varied over an approximate range
of 0.4 mA at minimum resistance to 0.004 mA at
maximum resistance. The current flowing in the
collector circuit of the test device coupled to
SK1 will be equal to the base current multiplied
by the current gain of the device. if this current
is about 4 mA or more, the voltage developed
across R2 becomes higher than the base
threshold voltage of Q1, biasing the latter into

How it Works

conduction and causing LED1 to light.

In practice RV1 is adjusted for the lowest
current that causes LED1 to light, and thus for a
nominal 4 mA collector current. The setting of
RV1 is then directly related to the current gain
of the test device, with minimum resistance cor-
responding to a gain of 10{4 mA +~ 04 mA =
10) and maximum resistance to a gain of about
1000 (4 mA + 0.004 mA = 1000). Poten
tiometer RV1 can be fitted with a scale so that
current gain can be directly read off.

The PNP test circuit is much the same, buta
few changes obviously have to be made to ac-
commodate the change in polarity. Resistor R6
ensures that an excessive current cannot flow if
RV1 is adjusted for minimum resistance with a
very high-gain devicein circuit.

Construction

Figure 2 shows the Veroboard layout
and wiring of the tester, and this is all
quite straightforward. Follow standard
practice when using the Veroboard. If
you're not too sure or your memory’s a
bit hazy, refer to the Construction sec-

tion of the Guitar Preamp, where its
use is detailed.

It is advisable to fit RV1 with a large
control knob as its scaling is not linear,
and becomes cramped at lower gain
settings. With the aid of a multimeter
used on a resistance range the scale of

NPN L

sw1

SK2 ¢ R5

10

PP ¢

R1
18k

RV1
2m2

LED1

T

U,JL

NOTE:
Q115 BC179
Q2 is BC109

5 LED1 & 2 ARE 0.2” LEDS

1k0

Q2

—Ve

Figure 1. The circuit diagram of the HE Translstor Tester.
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Figure 2. Connection details of the project and its
Veroboard layout

Transistor Tester

BATT-CLIP

-

O 00O

R4

O O O (o 0] (0]

Parts List_

Figure 3. Above. Internal case photograph

Figure 4.
Right. Underside details of the Veroboard showing track
breaks. Make these before inserting the components

54

RESISTORS (All %4 W,5%)

R1 18k

R2,4 150R
R3,5 1k0

R6 100R
POTENTIOMETERS
RV1 2M2 lin

SEMICONDUCTORS

Q1 BC179 PNP transistor
Q2 BC109 NPN transistor
LED 1,2 0.2in LEDs

MISCELLANEOUS

RV1 is marked 10, 25, 50, 100, 250, 500
and 1000 at settings which give a total
resistance of 20k, 50k, 100k, 200k, 500k,
1M and 2M across R1 and RV1.

Many transistors will readily plug
directly into the appropriate test socket
(but be careful to connect the test
devices correctly). A set of test leads
can be made up so that less-
cooperative devices can be checked.
All that is required is a 3-way DIN plug
connected to three crocodile clips by
three short insulated leads of different
colour. HE

sSwi1 single-pole, double-throw, -
SK12 3y DIN sockets ___Buylines
1Etiga 3 e erages You shouldn’t have any problems in obtaining
pointer kqob components for this project and the price for
;::et: :‘::5 tip the bits _and pieces (excluding the case, of
course) will be about £5.
J|]®O0OOO0OC@®@000@@0000@@0O0 e eo O 0O
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GUITAR PHASER D85 Sept. ‘80 £9.60 HOBBYTUNE D34 Qct.'79 £18.00
BENCH POWER SUPPLY UNIT  ZD87 Sept. ‘80 £25.00 MULTI OPTION SIREN D36 Oct. 79 £10.50
DEVELOPMENT TIMER 1D86 Sept. ‘80 £8.75 ANALOGUE AUDIO
TOUCH SWITCH (on Vero) D84 Sept.’80 £4.50 FREQUENCY METER D35 Oct.'79 £15.00
AUTO PROBE 2083 Sept. ‘80 £3.00 COMBINATION LOCK D29 Sept.'79 £12.50
REACTION TIMER D82 Sept. ‘80 £26.50 *STARBURST D30 Sept.'79 £14.50
MIGROMIXER [on Vero) D81 Sept. "80 £8.50 LAMP DIMMER D31 Sept.’'79 £6.50
EQUITONE CAR EQUALISER D52 Aug. ‘80 £13.30 ULTRASONIC SWITCH D32 Sept.'79 £21.00
GAS DETECTOR ID55 Aug. 80 £22.00 CONSTANT VOLUME AMPLIFIER ZD28 Aug. ‘79 £11.50
PASS THE LOOP GAME D56 Aug. 80 £12.00 INJECTOR TRACER D27 Aug.'79 £4.50
RADID TIMER (on Vero} ID57 Aug. ‘80 £5.50 LED TACHOMETER D26 Aug.'79 £14.75
MOVEMENT ALARM (on Vero) D54  Aug. ‘80 £5.00 BABY ALARM 7025 July ‘79 £13.50
OP. AMP GHECKER (on Vero} D53 Aug. ‘80 £4.00 POINTS SWITCH D24 July'79 £12.50
CAR BOOSTER (no speakers] D50 July 80 £18.00 LINEAR SCALE OHMMETER D23 July ‘79 £14.00
HAZARD FLASHER D48 July 80 £10.50 SHARK D22 July ‘79 £22.75
*PUSH-BUTTON VOLUME G.S.R. MONITOR D19  June'79 £10.50
CONTROL D47 July ‘80 £19.50 ENVELOPE GENERATOR D20 June'79 £11.79
SOUND FLASH TRIGGER (on Vero)ZD49 July '80 £3.50 DRILL SPEED CONTROLLER D021 June ‘79 £7.00
2 WATT AMPLIFIER (on Vero} D46 June '80 £3.90 WHITE NOISE EFFECTS UNIT D18 May ‘79 £16.85
METRONOME [on Vero) ZD51 June "80 £3.50 PARKING METER TIMER D17 May'79 £6.70
MICROBE R/C SYSTEM DIGIBELL PROJECT D16 May ‘79 £5.00
(less Servos) ZD45 June ‘80 £17.50 VARIABLE POWER SUPPLY
FOG HORN D44 June "80 £4.50 0.30V 1 AMP D15 May'79 £30.00
EGG TIMER D43 June ‘80 £6.50 TRANSISTOR GAIN TESTER D76 April ‘79 £6.50
NN} CLOCK D10 May "80 £26.00 CISTERN ALARM D75 April °79 £5.50
5080 PRE-AMP ID11  May ‘80 £32.00 MODEL TRAIN CONTROLLER D74  April ‘79 £26.00
TRACK CLEANER 012 May ‘80 £7.75 PHOTOGRAPHIC TIMER D73 March ‘79 £14.50
*R/C SPEED CONTROLLER D3  April ‘80 £9.60 TONE CONTROL D72 March'79 £9.00
HOBBY COM D8  April '80 £28.60 CASANOVA’'S CANDLE D71 March 79 £7.50
ELECTRONIG IGNITION D2  April ‘80 £18.25 SHORT WAVE RADID D66 Feb. 79 £12.50
DIGITAL FREQUENCY METER  ZD9  April ‘80 £27.75 SINE/SQUARE WAVE
SHORT WAVE RADIO ZD80 March '80 £19.50 GENERATOR D67 Feb. 79 £22.50
TOUCH SWITCH ZD79 March 80 £5.00 SCRATCH AND RUMBLE
5080 PSU MODULE ZD78 March '80 £29.50 FILTER MONO D68 Feb.'79 £22.50
SYSTEM 5080A ID77 March 80 £15.00 SCRATCH AND RUMBLE
PASSION METER ZD6  Feb. ‘80 £5.00 FILTER STERED D69 Feb. '79 £25.00
WIN INDICATOR D42 Feb. 80 £9.00 CAR ALARM D70 Feb.'79 £8.50
INFR RED REMOTE CONTROL ZD7  Feb. ‘80 £19.35 FLASH TRIGGER [less flash gun) ZD65 Jan. 79 £10.50
SCALEXTRIC CONTROLLER D41 Jan.’80 £52.50 TOUCH SWITCH D63 Jan.'79 £5.50
CROSSHATCH GENERATOR ZD4  Jan.’80 £11.25 VARI-WIPER D64 Jan.'79 £8.00
DIGI-DIE D5  Jan. ‘80 £5.50 GRAPHIC EQUALISER D62 Jan.'79 £25.00
RING MODULATOR 01 Dec.'79 £8.50 PUSH-BUTTON DICE D61 Dec.’78 £6.00
SCALEXTRIC CONTROLLER 039 Dec.'19 £21.50 AUDIO MIXER D14 Dec.'78 £20.30
BARGRAPH CAR VOLTMETER  ZD40 Dec. 79 £6.60 BEDSIDE RADIO D58 Nov. 78 £12.50
GUITAR TUNER 2038 Nov.'79 £8.50 STEREO AMPLIFIER (HOBIT) D59 Nov. ‘78 £52.50
*R2 D2 RADID ZD37 Nov.'79 £8.60 WAA-WAA PEDAL D60 Nov.'78 £30.00
TANTRUM ZD33 OCt. ‘79 £37.50
IONISER KIT: ZD13. This negative ion generator gives you power to saturate your home with millions of refreshing ions, without fans or moving
parts it puls out a pleasant breeze. A pure flow of ions pours out like water from a fountain filling your room. The result? Your air feels like fresh
ocean air, crisp and wonderfully refreshing. All parts p.c.b. and full instructions £10. A suilable case including front panel neon switch, etc.,
available at £8 extra.
If you do not have the issue of H.E. which contains the
Project, we can supply a reprint at 40p extra. Please add
= SR A . 30p post and packing. Add 15% VAT to total order.
%ﬁ:ﬁgﬁj:Qtéiif:oﬁ\nlfénéoudenng Iron %888 ) 028 £;;3:(7)3 Callers please ring to check availability of kits.
Freezer Alarm (on Vero) . . ZD91 .'80 £8.50
Tug O' War Game . . . . . ..... 2D94 .'80 £12.50 P OW E L L
Nobelt Doorbell . . . ... ZD93 .'80  £9.75 I -
Kitchen Timer (on Vero) . . ."80 £5.50
Light Dimmer . . .. .80  £5.00 306 ST. PAULS ROAD, HIGHBURY CORNER
LONDON N1.01-226 1489 SHOP HOURS:
MON .-FRI. 9-5.30 p.m.
All kits con(aig cc:mponems as specified plus Texas 1.C. sockets, ﬁ I’ _“"“‘; E SAT. 9-4.30 p.m.
where requiregd, also connecting wire. 1 -—_ n ] ‘@,
FAIRCHILD FLV150 red. 2 LEDS, 10 for £1.00, 100 for £7.50 - T, =
red. , 10 for £1.00, or £7. -
DALY ELECTROLYTIC CAPACITORS 2000uF 100v £1.50 e el L
PHILIPS SCOPE Tube 5" CV2191/DG-13-2 £10 T e
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ITSAS SASYASA 8C...

See us on STAND 826,
Green Hall at INTERNEPCON

A _EXP 650 For microprocessor chips. £3.60
B EXP 300 The most widely sold breadboard in the UK;
for the serious hobbyist. £5.75

»C EXP 600.6' centre channel makes this the
Microprocessor Breadboard. £6.30
EXP 4B An extra 4 bus-bars in one unit. £2.30
EXP 325 Built in bus-bars accepts 8, 14, 16 and up to 22
pin ICS. £1.60
EXP 350 270 contact points, ideal for working with up
to 3 x 14 pin DIPS. £3.15
G PB6 Professional breadboard in easily assembled kit
H

mo

-n

form. £9.20 (Not illustrated.)
PB 100 Kit form breadboard recommended for students
and educational uses. £11.80 (Not illustrated.)

. & ITSASEASYAS |, 2 3with THE EXPERIMENTOR SYSTEM

. EXP 300PC which nncludes one item, A matchboard

pre<drilled PCB — £1.3

SCRATCHBOARD 2. EXP 302 which includes three jtems. Three 50 sheet
scratchboard workpads — £1.68

'BREADBOARD 3. EXP 303 which includes three items. Two matchboards and
an EXP 300 solderless breadboard — £8 60.

-MATCHwARD 4, EXP 304 which includes four items. Two matchboards and

EXP 300 breadboard and a scratchboard workpad — £9.30

The above prices do not include P&P and 15% VAT

TOMORROW'S TOOLS TODAY

CONTNENTAL SPECIALTIES CORPORATION C.S.C. (UK) Limited, Dept.1400

Unit 1, Shire Hill industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Tel: Saffron Walden (0799) 21682.

Telex: 817477.

T e e

NAME .

ADDRESS__

| enclose cheque/PO for £
or debit my Barclaycard, Access, American Express card

No. Exp. date
or Tel: (0799) 21682 with your card number and your order will be in the
post immediately .

AEXP650 | Qnty.Reqd. | BEXP300 | Qnty.Reqd.
£5.00 £7.76 I

C EXP 600 Qnty. Reqd. DEXP 4B
£8.39 £3.50

Qnty. Reqd.

1

I
I
I
I
I
I
I
I
I
E EXP 325 Qnty. Reqd. F EXP 350 Qnty. Reqd. I
I
I
I
I
I
|
I
I

£2.70 £4 .48

G PB6 Qnty. Reqd. HPB100 | Qnty.Reqd.
£11.73 £14.72 }

Experimentor System

1 EXP300PC| Qnty.Reqd. 2 EXP 302 Qnty. Reqgd.
£2.38

£2.79
3 EXP 303 | Qnty. Reqd. 4 EXP 304 Qnty. Reqd.
£11.04 £11.85
lBoxed prices include P & P and 15% VAT FREE catalogue
If no dealer in your area contact CSC direct. tlek box [J
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Continental Specialties Corporation (UK) Limited, Dept. 1400
Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ.

r
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-ASK OUR DEALERS.

AITKEN BROTHERS,
35 High Bridge, Newcastle Upon Tyne, NE1 1EW.
Tel: 0632 26729.

ARROW ELECTRONICS LTD.,
Leader House, Coptfold Road, Brentwood, Essex.
Tel: 0277 226470.

BASIC ELECTRONICS LTD,,
18 Epsom Road, Guildford, Surrey, GU1 3JN.
Tel: 0483 39984.

BI-PAK SEMICONDUCTORS,
P.O. Box 6, Ware, Herts.
Tel: 0920 3442.

F. BROWN & CO.,
45 George |V Bridge, Edinburgh, EH1 1EJ, Scotland.
Tel: 031 225 3461. Telex: 922131.

THE CHILDRENS SHOP & TACKLE BOX.,
73-75 High Street, Ryde, Isle of Wight.
Tel: 0983 63437.

_ CUBEGATE LTD.,
301 Edgware Road, London, W2 1BN.
Tel: 01 724 3565.

1 ETESON ELECTRONICS,
15b Lower Green, Poulton-Le-Fylde, Blackpool, FY6 7JL.
Tel: 0253 885107.

H. GEE ELECTRONIC SUPPLIES,
94a Mill Road, Cambridge, CB1 2BD.
Tel: 0223 358019.

LEEDS AMATEUR RADIO,
27 Cookridge Street, Leeds, LS2 3AG.
Tel: 0532 452657.

MARSHALLS,
108A Stokes Croft, Bristol.
Tel: 0272 426801.

85 West Regent Street, Glasgow, G2, Scotland.
Tel: 041 332 4133.

325 Edgeware Road, London, W2.
Tel: Q1723 4242.

40 Cricklewood Broadway, London, NW2 3ET.
Tel: 01 452 0161.

RASTRA ELECTRONICS LTD.,
275-281 King Street, Hammersmith, London, W6.
Tel: 01 748 3143. Telex: 24443 RASTRA G.

SHUDEHILL SUPPLY COMPANY,
53 Shudehill, Manchester, M4 4AW.
Tel: 061 834:1449.

SPECTRON ELECTRONICS (M/C) LTD.,
7 Oldfield Road, Salford, M5 4NE.
Tel: 061 834 4583.

SWANLEY ELECTRONICS,
32 Goldsel Road, Swanley, Kent, BR8 8EZ.
Tel: 0322 64851.

TECHNOMATIC LTD.,
17 Burnley Road, London, NW10Q 1ED.
Tel: 01 452 1500. Telex: 922800.

TOMORROW'S TOOLS TODAY

Also ask your local stockist.
|f no dealer in your area, contact CSC direct.

CONTINENTAL SPECIALTIES CORPORATION  C.S.C. {(UK) Limited, Dept.1400

I Unit 1, Shire Hill Industrial Estate,
Saffron Waiden, Essex CB11 3AQ.
Tel: Saffron Walden {0799) 21682

Telex: 817477
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Talking Design

We've covered PWM theory: now for something practical. This month's article
describes a high-quality PWM audio amplifier you can build

LAST MONTH | described a simple
pulse width modulator which was
capable of driving small DC motors and
famps. At the time | hinted that this
technique was likely to become of ma-
jor importance in audio amplifiers. This
month, as a follow-up, a digital audio
amplifier circuitis presented.

PWM amps are not new. Sinclair
marketed a 10 W version in the sixties.
What has precipitated the recent in-
terest is the advent of digital recording
techniques, and the increasing avail-
ability of fast switching transistors,
especially the VFET.

To refresh your memories, a pulse
width modulator is basically a square
wave oscillator whose output mark-
space ratio can be altered by an exter-
nal voltage. If this voltage is an audio
signal and the output frequency is suffi-
ciently high, the average output voltage
of the oscillator will be the audio signal.
The obvious question is how high does
the frequency have to be to encode the
full audio band from 20 Hz to 20 kHz?
Surprisingly, thanks to the work of Ny-
quist, the answer is only 40 kHz. Nyquist
showed that a signal, in the form of
modulation on a carrier wave, could be
fully recovered as long as the carrier
was at least twice the maximum fre-
quency of the modulating signal.

Given that information it should be
possible to produce a PWM amp with a
beefy output stage running at well over
40 kHz that can deliver a signal to a nor-
mal loudspeaker. Such a digital
amplifier has lots of advantages in
‘terms of performance. If a pushpull
output stage is employed, the power
devices dissipate very little heat since
they are either in saturation or in cut-off.

As long as the signal is linearly
transferred into digital form no audio
distortion can occur. Similarly, there is
no crossover distortion or noise added
to the signal. What has prevented all
audio amplifiers from being built this
way is the problem caused by the elec-
tromagnetic radiation at carrier fre-
quency from the speaker leads. A se-
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cond problem has been the shortage of
devices.

When Sinclair marketed his PWM
amp in the sixties, silicon transistors and
logic ICs were expensive novelties.
Nowadays there is a proliferation of ICs
and transistors capable of being
employed in such circuits.

The problem of carrier radiation is a
vexed one. According to the Post Of-
fice, it is quite in order to send 200 kHz
FM signals through mains wiring. In fact
most domestic appliances produce RF.
radiation, as can be confirmed by
anyone whose hi-fi equipment is upset
by switching ‘thumps’. The simplest way
over this problem is to place a low-pass
filter between the amp’s output and the
load. Using screened lead with the
screen connected to earth is another
precaution. With the amp described
here RF radiation is not a real problem
as long as the filter is incorporated.
~ Last month’s circuit employed a
comparator to produce PWM, Thistime
the same result is obtained by using the

Vin

Vo

audio signal to alter the switching.
thresholds of a Schmitt trigger. This trig-
ger is a device that has two switching
thresholds, let's call them t1 and t2°
(Fig.1). When the input voltage is less
than t1 the output is low. As soon as the
voltage exceeds t1 it goes high.

Low Down Volts
If the voltage is now reduced, nothing
happens until it falls below t2. At this
point the output goes low again. (Note
that the two threshold voltages t1 and t2
are not equal) This characteristic is
known as hysteresis. The ZZ indicates a
Schmitt device or function and these
triggers are usually employed in digital
circuits to convert slowly rising and fall-
ing waveforms to pulse trains suitable
for logic systems. A Schmitt trigger can
be made from an op-amp or com-
parator. Figure 1 also shows an astable
similar to one employed last month but
this time it is built around an op-amp.
On switch-on, capacitor C1 is
discharged, holding the inverting input

(o,

>

O

O

+Ve

= ov
0
AN,
Figure 1. The symbol for a Schmitt trigger is

shown above. Below is an astable using an
op-amp operating in a Schmitt trigger ac-
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of A1 low relative to the non-inverting
input. Since this is so, the output will be
high. Now, if we make R1, R2 and R3
equal in value, then the non-inverting in-
put will be held at % Vcc, because R3 is
effectively in parallel with R1. In conse-
quence, C1 will rapidly charge through
R4 until the voltage at the inverting in-
put exceeds ¥ Vcc. At this point Al’s
output will start going negative. Positive
feedback through R3 makes the out-
put’s transition from high to low ex-
tremely rapid.

A second stable voltage will now be
found at the non-inverting input, equal
to ¥4 Vcc. This time, R3 is effectively in
parallel with R2. Capacitor C1 will now
discharge via R4 and A1’s output stage
until the voltage on the inverting input
falls below YVcc. The output again
goes high and the cycle repeats itself in-
definitely.

Because of the influence of R3, A1
acts as a Schmitt trigger, t1 and t2 being
¥ Vecand A Vece. :

Figure 2 shows how this simple cir-
cuit can be modified to encode an
audio signal into PWM. The audio is
simply imposed upon the non-inverting
input, thus altering the threshold swit-
ching voltages. Resistor R5 prevents in-
teraction between the audio signal and
carrier as does R6. Capacitor C2 isolates
DC voltages from the astable. Unfor-
tunately, C1 charges exponentially via
R4 so somewhat less hysteresis is ap-
plied by making R3 much larger than
either R1 or R2. This has the effect of
making the switching thresholds very
close together and linearising the
triangular waveform across C1 resulting
from it being charged through R4.

To produce a good square wave at
high frequencies an LF351 op-amp is us-
ed. This is a VFET device which features
a highslewing rate, thatis13 V/uS.

The full circuit of the digital

amplifier is shown in Figure 3. Here, the
op-amp drives a pair of transistors in a
push-pull output stage. These tran-
sistors, a BC142 and BC143, are rated at
1 A collector current. As you can see
they are connected, without base bias,
as-emitter-followers. When the output
of the op-amp is high, Q2 is in saturation
and provides current to the load via the
low-pass filter L1, C5 and the output
coupling capacitor Cé6. Incidentally, in
class B amps the latter component is
often of a lower value. This is a pity

-since the lower — 3 dB point is defined

by the size of this capacitor.
" As ‘you will remember, the im-
pedance Z of a capacitor is given by:
Z = 1

2 7 FC

where Cis infarads and Z is in ohms.

Negative Feedback
The astable has a unity gain and so, to
improve the sensitivity, an audio pre-
amplifier stage has been added. This is
built around Q1 which is used in the
common-emitter mode. Negative feed-
back, however, is applied from the col-
lector via R3. A collector current of
1 mA has been chosen to allow ade-
quate drive. Resistor R7, therefore,
drops 1 V whilst C3 decouples line rip-
ple to ground. For linear drive the col-
lector is operated at 17 V/2 ~. 8 V. The
value of R4, therefore, is given by 8
VH0-3 A = 8k, the nearest value being
8k2.

A BC149is used for Q1 and this has a
gain of 200 minimum at 1 mA. Base cur-
rent I g is therefore equal to:

Fjgure 2. An astable used to encode an audio R
signal applied at its input into PWM. t

/\/ c1
o—/\N\/\—l

RS

;.

1073 A =5yA
2x10?
ﬂ
+Ve
R3
ANMA
E—)
R6 A

R4

Figure 3 below. The complete circuit
diagram of the PWM amp combining the
astable circuit of figure 2 with a push-pull
output stage.
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Talking Design

The base will be 0.65 V above ground
and, taking 10 x |g through R2 and R3,
the value of R3 is given by:

065 =13x10'R,
5x10-3

12k being the nearest value.

Similarly, the value of R2 will be equal
to the collector voltage minus the base
voltage divided by 50uA, given by:

R2= 8 — 065
5x1075A

=147k,
150k being the nearest value.

Virtual Earth

Using a transistor in this way, with feed-
back from collector to base forms a‘vir-
tual earth amplifier’. This is because the
feedback reduces the input impedance.
The gain of the stage is set by the ratio of
R3 to R1. For a gain of 10, sensitivity
900 mV, a value of 15k was chosen.
Capacitor C1 simply isolates the input
from DC from previous stages. A
suitable Veroboard layout is shown in
Fig.4. In the circuit shown in Fig.3 we
have a classic high-pass filter formed by
the speaker impedance Z and C. The
lower — 3 dB point can be calculated by
rearranging the equation for f1 given by:

1
2nCZ
substituting:
f1 = 1 = 905 Hz

2x314x22x103x8

The minimum gain of the output tran-
sistors Q2 and Q3is 30 at1 A. In practice
this is the absolute minimum likely to be
encountered. The op-amp output can
source or sink 25 mA. It follows that the
worst-case minimum current that can
be fed into the speaker is:
+25mAx30 = 750 mA.

Since the speaker impedance is 8R,
the peak voltage under these conditions
is equal to IR; that is, 750 mA x 8R =
6V, or 12 V peak-to-peak. Since the
power output is given by V?/R, one
could be forgiven for thinking that the
output power would be (12 x 12)8 =
18W. Unfortunately, you would be
wrong!

The output power is the RMS
voltage divided by the load. Assuming
our output is a sinewave of 12 V peak:
to-peak, the RMS value is found by
dividing Vpk-pk by 2.8.

The output power (minimum) is
therefore given by:

(12)%/8R = 2.29W RMS,
28

Because of the small voltage drop that
occurs across a saturated transistor, the
output will be slightly less than this,
namely 2 W.

Going back to our astable, the
operating frequency has been set at 300
kHz. This gives a full power bandwidth
of 10Hzto150kHz,

Build It Yourself
The construction is quite straightfor-

ward and requires little comment ex-
cept that it is necessary to ensure that
all the semiconductors are correctly
orientated and the ?)reaks in the
Veroboard tracks are not forgotten.

Although the circuit will operate
from 9 V, batteries are not really
suitable and any mains PSU offering an
output voltage in the range indicated is
better.

L1 consists of 60 turns of 0.56mm
enamelled copper wire, pile-wound on
atlinlengthof % indiameter ferrite rod.

When construction is completed, no
adjustments need to be made to the cir-
cuit. All that is required is an input signal
and a speaker.

Our regular monthly feature ‘Talk-
ing Design’ is not aimed at the absolute
beginner. Before you tackle any of
these projects you should be
reasonably familiar with circuit con-
struction techniques.

For a really comprehensive in-
troduction to electronics why not read
our special publication ‘Into Elec-
tronics Plus’. You’ll find details of this
and all of our other ‘Specials’ elsewhere
in this issue.

Figure 4. The Veroboard layout of the PWM amp.
The small crosses (x) indicate breaks in the copper
track underneath the board.
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PROGRAMMABLE DOORBELL

Look out for the December issue
on sale November 7th.

TRANSCENDENT POLYSYNTH

Transcendent, a name familiar to ETI readers, turns up
next month in the shape of our latest keyboard
instrument project. The Transcendent Polysynth,
designed by Tim Orr, is a polyphonic music
synthesiser. It can be operated with one, two, four and
even eight voices. Each voice is a synthesiser in itself,
containing two VCOs, two ADSR units, one VCA and
one VCF. The design features all the usual synthesiser
functions — pitch bend, portamento, noise source,
modulation oscillators, etc.

FOUR INPUT MIXER

‘Looking for the right musical mixture? Balance your
decibels with the ETI four input mini mixer. It may be
small, but size isn’t everything (as a theatrical lady
once said to a clergyman). Our box of tricks will mix it
with the best of them.

Variety’s the spice of life — even where doorbells are
concerned. If you’ve had enoligh of that boring old
‘ding dong’ noise coming from your front door, swap it
for our programmable doorbell design. It doesn’t use
complex microprocessor control or expensive PROMs
for storing tunes. It’s simple to build, based on
inexpensive and readily available components.

ETI
Bench

Ampilifier

A useful addition to your test bench - the ETI Bench Amplifier

MUSICAL ALARM CLOCK

This battery-powered design is more than a mere alarm
clock. To keep construction simple the clock section is
based on a ready-built module. Although it’s an
electronic clock, we’ve included a sound generator to
produce the comforting ‘tick tock’, just so you know
that it’s still there. The tick rate and volume are
adjustable. Naturally it has all the usual alarm clock
features — ten minute snooze function, backlight, etc.
When the alarm condition is selected, it doesn’t make
a monotonous buzzing noise. A clever little chip in the
innards can generate 24 different tunes — three groups
of eight. You select which of the three groups you
want and it randomly selects a tune to alarm you with.

Articles described here
contents.
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¥an advanced state of preparation. However, circumstances may dictate changes to the final
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POPULAR KITS
AND PARTS

BURGLAR ALARM CONTROL PANEL

Contains labelled connection block, latching relay, test switch and
removable key control switch. Simplifies the whole inslallaton; all
you have to do 1s 10 take wires to pressure pads and to alarm bell.
Price £6.80. With complete diagram.

PRECISION MAINS-OPERATED CLOCK

For only £1.72. Sounds unbelievable but that's what you can have
# you send your order right away. The clocks which have large clesr
dials were made by 1he famous Smiths Company tor use with their
domestic cooker switch and are brand new and guaranteed.
25-WATT MID-RANGE SPEAKER 52"
Made by Goodmans, so there's none better.
€3.95. Post £1.

8 ONM TWEETER

Made by Goodmans. 3%'" squara 4 across tixings. Price £1.72.
Posi 30p.

WATERPROOF HEA‘I’ING WIRE

As used for electric blankeis, etc. This has dozens of other
applications — i gloves or socks for peopie with poor circulation
are obvious uses. One unusual use suggesied by a customer 18 &
“grow’ bag heater. The wire which consists of an element wound on
glass tibre then PVC covered has a resisiance of 60 ohms per yard.
The price is 23p yard.

TELEPHONE PICK-UP coil attaches by suction to phone body,
enabling conversation to be recorded, put through amp’or
headphones. Price £1.15.

LIGHT CHASER

Gives a brlliant dhisplay — a psychedetic ligh show for discos.
parties and pop groups. These have three modes of flashing. two
chase-patterns and a strobe etfect. Total output power 750 watis
per channel. Complete kit. Price £18, Ready made up £4 extra.

FISH BITE INDICATOR enables anglers to set up several lines
then sit down and read 8 book. As soon as one has a hite the
loudspeaker emits a shrill note. Kit. Price £4,90,

8 WAVEBAND SHORTWAVE RADIO KIT

Bandspread covering 13,6 to 32 metres. Based on circuit which
appeared n a recent issue of Radio Constructor. Complete kit,
includes case materials, six transistors. and diodes. condensers,
resistors, inductors, switches, etc. Nothing else to buy, it you have
an amplifier to connect it to on a palr of high resistance headphones.
Price £11.95.

3" EDGEWISE PANEL METER
0,26 MA coil made for the G.P.O. A very useful instrument
especially when panel space is limited. £2.90.

BLACK LIGHT. Can add & touch of novelty to 8 party or disco. We
have in stock the Atlas 175 watt U.V. Lamps. These plug straight
into a lampholder and need no control or s1arier gear. This is a black
lamp about the size of the old-fashioned 200 want lamp. Price
£10.35,

PANEL METER 0.1mA
Japanese made full vision perspex tront, flush mounting. Price
€345,

SHORY WAVE CAYSTAL RADIO

All the parts to make up the beginner's model. Price £2.30. Crystal
earpiece 85p. High resistance headphones {give bes! results)
£3.75. Kit includes chassis and front but not case.

RADIO STETHOSCOPE

Easy to fault ind — start at the aenal and work towards the speaker
— when signal stops you have found the faull, Complete kit
£4.95.

INTERRUPTED BEAM KIT

This kit enables you to make a switch that will trigger when a sieady
beam of infra-red or ordinary light 1s broken, Main components —
relay. photo transistor, resistors and caps. etc. Circuit diagram but
no case. Price £2.30.

PUNCHED TAPE EQUIPMENT for controlling machine tools,
etc., motorised 8-bit punch with matching tape reader, Ex
computers believed in good working order, any mot so would be
exchanged. £15 the pair, Carmiage £3.

FRUIT MACHINE HEART. 4 wheels with all fruits, motorised and
with solenoids fof stopping the wheels with a bittle ingenuity you
can defy your fnends getting the “jackpot”. £9.95 + £4 carriage.

DESOLDERING PUMP
Vdeal for from
service work generally. Prnice £6.35.

4-CORE FLEX CABLE
White pvc tor telephone extensions, disco hghts, etc. 10 metres £2,
100 metres £15. Other multicore cable in stock,

MUGGER DETERRENT

A high-note bleeper, push latching switch, plasiic case and battery
connector. Will scare sway any villaln and bring help. £2.50
complete kit.

HUMIDITY SWITCH

American made by Honeywell. The acton of this device depends
upon the dampness causmg a membrane 10 stretch and mgger a

4 ohm coil. Price

boards as well as for

sensitive g on n tor instance
will switch it on. Micro 3ampat 250V a,c Only £1.15.
SAFE BLOCK

Manns quick connector will save you valuable time. Features include
quick spring connectors. heavy plastic case and auto on and oft
switch. Complete kit £1.95.

V3 MICROSWITCHES

Over 50,000 in stock all 250 AC working. with 3 silver contacts for
c/carcuns — 10 amp 25p each or £20 per 100, 15 amp 35p each
or £30 per 100.

MULLARD UNILEX

A mains-operated 4 + 4 stereo system. Rated one
of the finest performers in the stereo field this would
make a wonderful gift for almost anyone. In
easy-to-assemble modular form this should sell at
about £30—but due 10 a special bulk buy and as an

incentive for you to buy this month we offer the 4% & &,

system complete at only £16 including V.A.T. and
postage.

. FREE GIFT—Buy this month and you will recelve a pair of G oodman’s elliptical B2

X 5% speakers 10 match this amptitier.

VENNER TIME SWITCH mains operated with 20-
amp switch, one on and one off per 24 hours repeats
daily automatically correcting for the lengthening or
shortening day. An expensive time switch but you can
have it for only £2.95, These are new but without case,
but we can supply plastic cases (base and cover) £1.75
or metal case with window £2.95. Also availabte is
adaptor kit to convert this into a normal 24-hour time
switch but with the added advantage of up to 12 on/offs
per 24 hours. This makes an ideal controller for the

. immersion heater. Price of adaptor kit Is £2.30.

‘DRILL CONTROLLER

Electronically changes speed from approximately 10
revs to maximum. Full power at all speeds by finger-tip
control. Kit includes all parts, case, everything and full
instructions, £3.45.

Made-up model £1 extra.

DELAY SWITCH

Mains operated —delay can be accurately set with

pointers knob for periods of up to 2Y2 hours. 2 contacts

suitable to switch 10 amps—second contact opens a few
- minutes after 1st contact. £1.50.

NEW KITS
SUB-MIN MICROPHONE
Size only 2" X

%' X 3/16" so small enough for a
bugging device, ex-hearing-aids but guaranteed. Price

TRANSMITTER SURVEILLANCE

Tiny, easily hidden but which will ehable conversation to
be picked up with FM radio. Can be made in a

amp. £6.90,

matchbox—all electronic parts and circuit. £2.30.

RADIO MIKE

Ideal for discos and garden parties, allows complete
freedom of movement, Play through FM radio or tuner

EXTRACTOR FANS

Ex-Computef made by Woods ot Coichester; ideal also as
blower; central heaung systems, fume extraction. eic. Easy
fixing through panel, very powerful 2,500 r.p.m, but quiet
running. Choice ot 2 sizes, 5 £5.50, 8" £6.50; pos1 £1 per
fan

MAINS ADAPTORS

Why use expensive batteries —

operate your radios and equipment

from the mains with these units.

—Sinclair gives 9v - 100mA -

.95

—Ansi gives 6v 7.5 or 9v - 300mA

— £3.95

—Crown give 6v at 300 mA -
£2.96

—Nllll give 12v - 760 mA —
£3.9

These are all made up complete with
mains lead in plastic cases. We can
also supply Mains Transisior Power
Pack Kit for Voltage output anything
from 3v to 16v up 10 300mA —
complete kut with double insulated
mains transtormer and full instruc-
tons — £1.96.

3-CHANNEL SOUND TO LIGHT KIT

Complete kit of parts for a three-channel sound to light unit controlling over 2,000
watts of lighting. Use this at home If you wish but it is pienty rugged enough for

Disco work

* The unit is housed in an attractive two-tone metal case and has controls for each

channel, and a master on/oft. The audio input and output are by % ' sockets and
three panel mounting fuse holders provide thyristor protection. A four-pin plug and
socket facilitate ease of connecting lamps. Special snip price is £13.50 in kit form
or £16.50 assembled and tested.

THIS MONTH’S SNIP

Here's a super bargain for you. 100 twist drills; regular toolshop price over
£50, yours for only £1
able to drilt from the tiniest holes in p.c.b. right up to %'’ for swiiches, etc.
Don’t miss this snip — send your order today,

including V.A.T . and post. With these you will be

‘MINI-MULT!I TESTER

Deluxe pocket size precision moving coil instrument,
jewelled bearings—2000 o.p.v. mirrored scale.

11 instant ranges measure:

DC volts 10, 50, 250, 1000.

AC volts 10, 50, 250, 1000.

DC amps 0-100 mA.

Continuity and resistance 0-1 meg ohms in two ranges.
Complete with Test Prods and instruction book showing’
how to measure capacity and inductance as well,

Unbelievable value only £6.75 4 50p posi and
ingurance.

| FREE Amps ranges kit to enable you to read DC current from 0-10 amps, directly

on the 0-10 scale. It's free it you purchase quickly but if you slready own a
Mini-tester and would like one, send £2.50.

TERMS: Cash with order—but orders under £10 must add 50p to offset packing, etc.
BULK ENQUIRIES INVITED - PHONE HAYWARDS HEATH 54563
ACCESS & BARCLAYCARD ACCEPTED

J. BULL (Electrical) LTD.

(Dept. HE, 34-36 AMERICA LANE
HAYWARDS HEATH, SUSSEX, RH16 3QU

IT'S FREE

Our monthly Advance Advertising Bargaine Li:

of bargains swiving or just smved —otten barg

out befors our advertisement csn appear—it

just send S.A.E. Below
from p: lines.

gives detalis
s which sell
n interasting
e few of the

SUPER BREAKDOWN PARCEL wilh free gitt of a desoldering
pump, perhaps the most useful break-down parcel we have ever
otfered. Consisis of 50 nearly ail different computer panels on
which you will find: over 300 ICs. over 300 diodes, over 200
transistars and many hundred other parts, resistors, condensors,
mult turn pots, rectifiers, SCR etc. etc. for only £8.50, which when
you deduct the value of the desoldering pump, works out to just a
little over 4p per panet, +£1.27 VAT +£2 post (it's & big parcel).
AUTUMN IS ALMOST WITH US and if the year hives up to 1is
reputation, we will have chilly evenings — so don’l put off those
heating jobs any longer. While stocks last, we will supply the
tangenual heater units at last season’s prices. namely £5.95 +
£1.50 post for the 2KW and £6.95 + £1.50 post for the IKW.
These prices include VAT but not the control switch, which 1s the
hree interlocked rocker type for the 2KW, price 0.88p and the four
interlocked rocker type for the 3KW. price 98p.

12v MOTOR BY CROUZETY — a powerful motor virtually
impossible 1o stop by hand. size approx 2%in long and 2%in dia,
this is a permanent magnet field type so is reversible simply by
changing polarity and has a relatively consiant speed with or
without 10ad. Fitted with a splined shaft which could directly engage
<1oothed gear wheel or o which 8 pulley could be sttached. Ideal
1or large models, or small machines etc. Price £3.88,

12v MOTOR BY SMITHS INDUSTRIAL mads tor use in cars,
these are series wourid and become more powerful as load
increases — they will in fact burn themselves out if over-loaded to
stopping point — not polarity reversible — but if you are prepared to
do a Intle unsoldering and rewiring then they will reverse at the Hick
ol 3 switch. Being series wound they will also work off 8.c. mains
through s step down transformer and it you use a venable volhiage
type then the motor speed can be varied by the voliage. Size appron
3'Ain long by 3in dha these have a good length of % in dta spindle —
price £3.50. Ditto out double ended £4.

MAINS OPERATED LOW SPEED MOTORS 2 watts type as
fitted 1nto tme switches, machine conirollers etc. We have 8 good
selection and can offer 1he tollowing final speeds: 1724 hrs. 1 ¢ 8
hrs, 1rdh 1ch 2ch 3rh,4rh, 12¢h, 20rh, 30¢h, 1rm, 2rm.
4m. 8 m. 15 rm. 200 rm. ail at £2.85.

SPIT MOTORS. These are powerful mains oparated induction
motors with gearbox attached the final shaft 8 a % rod with
square hole, so you have allernative coupling methods ~— final
speed 5 approx. 5 revs per min, price €5.25 post 60p — similar
motors but with final speed 110 rpm and 80 rpm same price.
'WALL MOUNTING THERMOSTAT by Danfoss has a really
pretty two tone grey case with circular white scale and dlal. Setting
temperature from 0-30c — 13 amp 250v contacts. Price €4.60,
EXTENSION SPEAKER CABINETS. Teak look black front, size
11in x 8in x 4%in approx. Price £2.00. Post £1.00. (We have
larger ones). It you can call and collect these these cabinets you can
save yourself the quite considerable postage and you only have to
buy 8 lew 1 get a discount as well. The quantity discount for these
1s a special rate of 25% f you buy ten or more Note these cabineils
are very good quality (made for Rank Audio Systems) the grill
material is Dacron.

MEACURY BATTERIES. Bank ot 7 mercury cells type 625 which
are approximately %in dia. in plastic tube, giving a total voltage of
10.7. Being 3 plastic tube itis very easy 10 break up the battery into
separate cells which could be used tor radio control and similar
equipment. Carton of 25 batieries £1.15 + 85p post.

_HALF-PRICE CABLE OFFERS. We have good stocks of

3ize Type Price Carmlage
mm 100 metres
15 Swmgle fa 00 £1.75
1.5 Flal twin £6.50 f2.75
15 Fial 3cors S E £9.75 £3.50

4 Simgle £7.50

4 Flat twin €11.50 1400

] Flal 3-cors £32.50 £5.00
15 +Twie 8 E £79.00 f10.00

ONCE AGAIN IN STOCK ox-G.P .0, resistance bridge. Itis in
tact an electronic megger. which 1ests at 8 voitage of around 250,
thus revealing any leaky points. These mus1 have cost at least £150
each1c make. In a portable light weight case. size approx 9in x Jin x
9in with 8 carrying handle. Has two mowving coil panel meters which
give cleaf readings of resistance from fractions of an ochm night up to
100 megs and then to infinity. We have two versions of these
instruments 1) is as good as new and checked and tested before
despaich price £22.50 + £3 38, post £2.50. 2} Secondhand
models complete and believed 1o be in working order but not
checked nor guaranteed, £12.50 + £1.87. post £2.60

MAKING A CONVECTOR HEATER? We can offer a bank of four
1 KW metal clad elements all mounted on a 3in square iron plate.
By comparatively simple switching 8 heat outputs ranging from
approximately 250 watts to 4000 watts can be achieved. The
elemenis which have push on tag connectors, extend 10 a length of
approx 17in from their mounting plate. so a relalively compact
simple convector heater could be made using this. Price £2.37 +
post £1.50.

G.P.O HIGH GAIN AMP/SIBNAL TRACER. In case measuring
only 5%in x 3%in x 1% 1s an extiremely tugh gain (700B) solid
state amplsher designed for use as a signal tracer on GPO cables etc.
With a radio it funchions very well as @ signal iracer By connecung s
simple coil to the input socket 8 useful mains cable tracer can be
made. Runs on standard 4 Yav battery and has input, oulput sockels
and on-off volume control, mounted flush on the top. Many other
uses include general purpose amp, cueing amp eic. An absolute
bargain st only £1.85. Suitable 80 ohmn earpiece 69p.

OUR CAR STARTER AND CHARGER KIT has no doubt saved
mMany motorists from embarrassmentin an emergency you can siart
car off mains or bring your battery up to full charge in 8 couple ot
hours. The ki compnises: 250w mains transtormer, two 10 amp
bridge recitiers, start/charge switch and full instructions, You can
assemble this in the evening. box #t up or leave it on the shelf in the
garage, whichever suits you best. Price £11.50 + £2.50 post.
MOUTH OPERATED SWITCH. Made for washing machines to
control water level eic. this 1s 8 sensitive low pressure device which
operates three 1 pole changeover switches a1 different leveis of
pressure bul all within 8 normal persons blowing capacity — blow
gently into it and No. 1 switch operates, blow a litile stronger and
No. 2 operates, blow harder still and No 3 operates. The switch 1s
airtight so the weight of water or other fluid substance could operate
1t Undoubtedly a switch with very many applications. Disc type
construction, this 1s approx 3%in dia x 1 #in thick — the air entry 1s

1 # ppe approx 37 16in dia — electrical contacs we estmate a 10
_| ampec/ca 230 volt — connection by push on tags. Order ref. RS.4.

Price £2.88

BE PREPARED. For possible blackouts and interruptions in
electricity supply this winter. Have some emergency lighting
nearby We still have the fluarescent outhts for operanng 12in or
21in tubes trom 12V car battery and the price is £4.65 80p post
compiete with 1ube. please state which.

BLEEPERS 6 or 12v battery or transformer operated, ideal for
using 1N most alarm circuts but for car and motor cycle alarms.
These give a loud shrill note. American made by Oelta Alarm. Price
87p. Large quantities available

MOTORIZED LIGHT FLASHER. Christmas is coming. 50 you 've
got to think about your decorative hghting, to make 1his flash we
can offer two motorized unis both capable to 2000 watis of light,
One % second flasher changes every % second and the 2 second
flasher changes every 2 seconds. Either type £6.90,
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WE HAVE ALL THE NEW ATARI®
VIDEO GAME PROGRAM™
CARTRIDGES.

1ARI £86 .-

|||||-| ||I 0 “‘ IIIII.,“,||| " - " -

S \ m "r': v" e m" ||| In

“sonill” ‘*lmlmm il e sl ol ounnt” el
TELEPHONE FOR FREE COLOUR

S

mmu!l‘

BROCHURE 01

Available August 1980

This is the most advanced TV
game in the world.
Expandable

next year into a full
microcomputer,

COLOUR CATALOGUE
AVAILABLE WITH
DETAILS ON ALL THE

-301 1111

c H E ss COMPUTERS

NEW RANGE

AVAILABLE

AUGUST 1980

We specialise in

computer chess

machines & stock

over 13 different

models from

£20 to £300

RADOFIN

' £173.87 + VAT CARTRIDGES ’

BRIDGE

COMPUTER

Plays 1/2/3 or 4 Hands
Problem Mode

Audio Feedback
Instant Response
Auto scorekeeping

TELETEXT
Add on Adaptor

£199 + var

27 TUNE
DOOR
BELL

BACKGAMMON

COMPUTERS

OMAR1

OMAR 2
CHALLENGER
GAMMONMASTER

From £38 to £108. Send for further details.

DRAUGHTS

COMPUTER

= * Solves Problems
* Rejects illegal moves
2 level machine
£43 + VAT
4 level machine
£77.78 + VAT

HAND HELDS + CARTRIDGES
ATARI - ACETRONIC

- PRINZTRONIC

RADOFIN - DATABASE etc.

We keep a full range!
Send for cartridge lists stating which
machine you own.
MAIL ORDER SERVICE - Free postage & Packing
TELEPHONE & MAIL ORDERS - accepted on
Access * Barclaycard * American Express * Diners Club
CALLERS WELCOME — at our shop in Welling — Demonstrations dasly
Open from 9am-5pm Mon-Sat (9am-1pm Wed)
GUARANTEE — Full 12 months + After Safes Support!

£17.13

+ VAT

LEISURE

* CHEAP TV GAMES

* TELEPHONE ANSWERING MACHINES
* AUTO DIALLERS

* CALCULATORS

* DIGITAL WATCHES

* PRESTEL

* HAND HELD GAMES

51L18.) 54UP
SILICA SHOP LTD., Dept. HE11

102 Bellegrove Road
Welling, Kent DA16 3QF

Tel: 01-301 1111

We have comprehensive brochures on all products. Please let us know what you are rnterested 10 and we wiil send you detailed brochures AND our own

32 page catalogue covering most games on the market
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Dice

Chance your luck with HE's latest game

of fortune — for those readers who
can’t find the energy to shake’em
— here’s a pair you only have

to touch

THE TIME OF YEAR approaches when
more games are bought and played
than at any other. A large percentage of
these games need some system whereby
a random number between 1 and 12
can be quickly and easily generated —
the usual way of doing this is with a pair
of dice. A good electronic dice project
hasn’t materialised in any of the
hobbyist magazines recently and so we
thought that the time was right for HE
to produce a dice to beat all dice.

. Although quite ingenious in operation,
the HE Double Dice is simplicity itself
to build — apart from the display there
are only 18 other components, and all
parts mount on a small PCB.

The display is formed from
individual LEDs, seven in each die,
grouped together into the wellknown
dice formation. Five ICs perform all
logic, control, counting and driving
functions of the circuit and both die
displays are completely random and
non-synchronised.

The device is touch~controlled:
simply placing a finger over the two
contacts starts operation of the dice.
The LEDs light up and are seen to flash
at a fast rate (showing that the 1 to 6
sequence is in operation.) Upon
removing the finger, the LEDs stop
flashing and hold the last number
displayed.

After a short time, all the LEDs
extinguish, showing that the dice is
ready for its next cycle of touching and
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Double

displaying. The display period is defined,
mainly, by the value of capacitor C1,
and using the value shown a period of
about 5 seconds is obtained. Increasing
its value lengthens illumination time and
vice versa.

LEDs need a fair amount of current
to give a reasonable illumination and if
they remained on at all times, battery
life would be severely limited. The self-
cancelling function reduces the average
current consumption of the circuit and
therefore prolongs battery life.

Side view of the HE Double Dice showing the
position of the LEDs

—Buylines—

You shouldn’t have any trouble in obtaining
the components for this project.

Approximate price (excluding case and
PCB)will be around £7.

Construction

Start construction by inserting the six
links into the PCB as shown in the
overlay diagram of Fig.2. It is helpful to
use a pair of long-nosed pliers to bend
the link wires before insertion. Resistors,
capacitors and IC sockets if used,
should be put in now but leave the ICs
till last.

Next, insert LEDs 1 to 14 into the
board in the double dice formation.
Mount them about 10 to 15 mm above
the PCB so that they stand above the
maximum height of the other-
components. Connect the switch,
battery and touch contacts (two wires
will do for test purposes), plug in the
five 1Cs, switch on and test the project.

Housing the PCB in a case should
not be a problem. Suggestions are:
either mount your board on the
underside of the case lid, drilling holes
for the LEDs to mount into, or make a
panel out of coloured transparent
plastic (or similar) through which the
LEDs will be visible.

You can make your touch contacts
out of virtually any small pieces of
electrical conductor — touch plates are
available commercially, of course. We
chose to use the heads of metal drawing
pins inserted through the case lid.
Soldered connections can be made
underneath the lid to the board. If you
do the same, remember that a metallic
lid conducts and the contacts will have
to be insulated from it.
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Figure 1. Circuit diagram of the amazing Hobby Electronics Double Dice

How it Works

The circuit of the HE Double Dice can be seen
in Fig.1. By cross-referring to it, the operation
of the dice may be more easily understood.
Most of the circuit is duplicated for each dice
(IC2, 3 and common components) — the ac-
tion of the other dice is identical (using 1C4
and 5 instead).

A B c NUMBER
DISPLAYED

OFF OFF ON 1
OFF ON OFF 2
OFF ON ON 3
ON OFF OFF 4
ON OFF ON 2
ON ON OFF 6

/ ~—8
E-N-u-8
A —C

Figure 3.

The LEDs are formed on the PCB to a stan-

dard dice configuration as in Fig.3. In this

diagram the individual points have been
grouped together into three categories A, B

and C. By looking at the numbers on a dice in

turn, a table can be drawn up, as in Fig.3 to

show that all LEDs in any one category must
be either on or off atthe same time. Therefore,

we can consider the groups as single logical -

levels in a set code. It just happens that the set
code is required is part of the binary code, of
which the part of interest is shown in Fig.4
against the corresponding denary, or ordinary
numbervalue.

ENARY NUMBER] BINARY NUMBERF
0 [
1 OE S0t 9 ’
2 o1 o
3 ° 1 1 THE PART OF THE
BINARY CODE WHICH
a 10 0 | ISOFINTEREST
3 10 1 ‘
6 (s )
7 T )
Figure 4.

ICs which count in binary are readily
available and the 4522(IC3) does just that. Itis
a down counter, meaning thatitstarts its cycle
atbinary 15 and counts down to 0..On the next
count after 0 it would {(normally) reset to 15
and start the cycle over again. However, we
have taken advantage of the fact that the 4522
is a programmable counter which can, on a
command pulse, be programmed or set to a
particular number in its cycle. In our circuit
this number is 6 (represented by the logic
levels at pins 14, 11 and 5, that is 1, 1, 0). The

command pulse is obtained from the output
of 1C2c, which is at logic 1 only when its three
inputs are 0. These inputs are in parallel with
the LED drive outputs of IC3 so that as the
number 0 is displayed by the LEDs the counter
automatically jumps to the number 6. The in-
terval between the count to 0 and the display
of 6 is so small that to the human eye it ap-
pears that the counter progresses naturally
from1to6.

1IC2a and b form a simple astable
multivibrator which produces a square wave
of about 100 Hz and which clocks the counter
whenever pin 1 of 1C2is atlogic0.

The part of the circuit which is common to
both sides is that of IC1. Pins 12 and 13 of this
IC are held normally low by R1, a very high
resistance. The output of IC1d is therefore
normally high (the gate is acting as an
inverter). If a finger is placed on the touch con-
tacts, skin resistance takes the input to this
gate high, and the output, pin 11, goes low.
This pin is connected to pin 1 of the astable
which as detailed above, clocks the counter.

As well as enabling the astable, pin 11 is
connected to the input of a monostable
multivibrator with an ‘on’ period of about 5
seconds so that as a finger is put on the touch
contacts the monostable enters its ‘on’ state.
The output of the monostable is connected to
pin 10 of the counter so that during the ‘on’
state the LED display is allowed to function. At
the end of the 5 second on-period the
monostable switches off and the display is
disabled {the LEDs are held off) thus saving un-
necessary battery wastage.
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TO BATTERY
VIA SWITCH

LEDS 1-14

TO TOUCH
CONTACTS DoubleDice

Double Dice

ALL LEDS
ANODES 4 ]
CATHODES Parts List
RESISTORS (All AW, 5%)
R1 4M7
R2 220k
R3 10M
R4,8 2k7
R5,9 1k0
R6,10 680R
R7 270k
CAPACITORS
c1 1u0 polycarbonate
23 100n polyester
SEMICONDUCTORS
IC1 4001 quad, 2-input NOR

1C2,4 4025 triple, 3-input NOR

1C3,5 4522 programmable BCD
counter

LED1-14 miniature red LEDs

MISCELLANEOUS

single-pole, single-throw toggle switch

battery clip

case to suit

touch contacts

Figure 2. Overlay diagram for the HE

HE

TRIACS

400V Plastic Case (Texas)
3A 49p 16A 95p
8A 58p 25A 190p
12A 85p 80p
6A with trigger 65p
8A isolated tab 18p
Diac

MINI
TRANSFORMERS

Standard mains
primaries 240V s.c.
100mA secondaries
80p
85p
20p

Rectangular Green 20p|

8-0-
12-0-12v Rectangular Yellow 21p

These kits form useful subsysiems which may be
incorporated Into larger designs or used alone. Kits
include PCB. short instructions and all com-
ponents.
MKt TEMPERATURE CONTROLLER/
THERMOSTAT
Uses LM3911 IC 10 sense tempersture (80°C
max) and triac 10 switch heater.

1KW £4.00
MK2 SOLID STATE RELAY
Ideal for swiching motors, lights, heaters, etc.
trom logic. Opto-isolated with zero voltage
switching. Supplied without triac. Select the
required triac ffom our range.
MK3 BAR/DOT DISPLAY
Displays an analogue voltage on @ tinear 10-
element LED display as a bar or single dot [deal for
thermometers. fevel indicators. etc May be
stacked to obtain 20 o 100 elemem displays.
Requires 5-20V supply £4.75
MK4 PROPORTIONAL TEMPERATURE
CONTROLLER
Based on the TDA 1024 Zero voliage switch, this
kit may be wired 1o form 8 “‘burst fire” power
controller or 8 “proportional tempersture

enabling the P of an encios-

ure 1o be maintaned 10 within 0.5°C

3KwW £5.55

MKS MAINS TIMER

Based on the ZN1034€ Timer IC this kit will switch
8 mans load on {or off} for 8 preset time trom 20
minutes 1o 35 hours. Longer or shorter periods
may be realised by minor component changes.
Maximum load 1KW £4.50
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TK's SPECIAL OFFERS OF THE
MONTH
Orders must be received by 30-11-8

SPECIAL OFFERS

3% digit Liquid Crysial Display. 0.5 diglts, d.i.l.
package. Can be backlit for viewing in the dark £5.968
2N3442 Pawer Transistor 2 for £1.80

BOXES
Moulded in high impact ABS. Supplied with lids and
screws Black or white
;82 95x71x35mm
B3 115x96x37mm

88p

555 Timer
741 0p. Amp
AY-5-1224 Clock
AY.5-1230/2 Clock / Timer
AY-3-1270 Thermometer
ICL7106 DVM (LCD drive)
LM377 Dual 2 W Amp
LM379S Dual 6W Amp
LM 380 2W Audio Amp
LM382 Dual/low noise Preamp
LM 388 250mW low voitage Amp
LM 1830 Fiwd Level Oetector
LM 2907 f-v Converter {8 pin)
LM2917 f-v Conventer g 4 rm)
LM3909 LED Flasher / Oscillator
LM39% 1 Thermometer
LM 3914 Dot/ Bar Driver
MM74C311 4 digit display cantroller
MM74C915 7 segment-BCD converter
MM74C915 4 digh cir. with 7 seg o/ p
S$5668 Touchdimmer
59263 Touchswitch 16-way
SN76477 Complex Sound Generator
TBABOO 5W Audio Amp.
TBAB10AS 7W Audio Amp.
TDA 1024 Zero Voltage Swiich
TDA2020 20W Audic Amp.
ZN1034E Timer
All ICs supplied with data sheets
Data Sheets onl¥ 10p each dewice.

AND NOW A DIMMER
THAY MAKES TOUCH DIMMERS OBSOLETE

Twisyrars agn FK Clevtmoncs bunchad 2 i
1ouchdimmaer ki, the TD300K, which mede kot

controligd dunmers obsolere This wes A
such 8 Rraat success thal many

Magarines and mine imtailers won

1etaetucml nmilar designs S0 THAT

QIHFRS MAY FOLIOW TX have

Aomgnac 4 tnuch danmes kit with sn

Intis Rad Remate Coated enabling

YU 10 switch and content the

Hinghtness of your ights Trom the

Lomtoit of your anne bai #1c (mS well AS manuslly by Tunfuing the frontpinte
w1 by using the TDE/K extension kit)

As with all our kits, thase units comg complete with sil components
inctuding RFI supp , 8 0N 1o hels you find the switch in
the (1ark aned a neat bos for the ransmitter The plestic runiniste has no metsl

|We Have deslgned the light
dimmer unit lo tit a standard
wallbox. the transm ltter to fit
Yyour hand and the price 1o fit

your pocket

Dads 10 touch ansuning compiate sataty snd anabling the piste ta be

Coverad with 4 decaretive finish lo bland
with your rooni decor

REMOTE CONTROL
COMPONENTS

LD271 IR Emiting Diode

SFH206 Photodiode Detector

$L480 IC Pulse Amp L

8L4390 32 command encoder /transmitter £2.40

ML922 10 channel receiver + 3 snalogue outputs

£4.20

ML926 16 channel receiver 4 momentary binary

/ £1.40

o/p
MLI2B 16 channel receiver 4 latched binary o/p
£1.40

MLI29 16 channel recerver 4 latched binary o /p
£1.40

Dala Sheets per device 10p
These ICs can be used with infra red. ultrasonlc or

radio links. depending on range. cost and speed of

aperation

In twa years’ time everyone
will be selling temote control
dimmers but you can have your
TDRK 300K kit NOW for only
£14.30 for the dimmer unit and
4.20 for the transmitter.

For the more athletic of you the TD300K « stll
avadable available 3t £6.50 and the TDE/K a1 £.2:
DON'T FORGET to add 40p P&P and 15% VAT

1\

410 your tolal purchase.

RCS00K KIT

tf you do not require @ sophisticated muhi-channel
remote conirol, we have developed & simpie
single-channel on /oft nfra red tansmitter and
recewer kit. The transmitter umt comes complete
with 8 hand-held box and requires a PP3 (9V)
battery. The receiver inctudes 8 tnac capable of
switching up 10 500W at 240V a.c. and comprises
# pre-amplifier bistable laich and a mawns power
supply. making the unit completely self contained.
The small size of the receiver enables the unit 10 be
‘built into” el kinds of equipment from lamps 10
1ape recorders, Range approximately 20t
£12.50

ALL COMPONENTS ARE BRANO NEW ANO TO SPECIFICATION. ADO VAT AT
CURRENT RATE TO ABOVE PRICES. 40p P&P MAIL OROER — CALLERS WELCOME

B8Y APPOINTMENT

¢

TK Electronics

(H.E.). 11 Boston Road, London, W7 3SJ
Tel: 01-579 9794




World famous for quality, reliability and value for money. 20,000,000 customers can’t be wrong!

togieat loaders, toke a siant step  THE ULTIMATE WATCHES

forward in time with

You have to hand it to Casio for the best of both worlds!
AA81 LCD ANALOGUE/DIGITAL ALARM
CHRONOGRAPH

LCD Analogue. Independent display of hours and minutes, with synchronous digital seconds,
can be used as a dual time.

Digital. independent display of hours and minutes, synchronous seconds, day and date.
Auto calendar. Four year calendar is set for 28 days in February.

Professional stopwatch. Measures net, lap and 1st & 2nd place times in units 1/ 100 second
to 12 hours. A signal confirms start/stop operation and sounds at 10 minute intervals.

Daily reminder alarm. Sounds at the pre-set time and an amazing ‘*Star Burst'* display flashes
for 30 seconds. “‘Alarm on’’ symbol.

Countdown alarm. Measures normal and net times from 1 minute to 60 minutes. 30 second
alarm and "'Star Burst’ display. 10 minute signal. Star/stop signal.

Time signal. Every half hour on the half hour. Every hour on the hour. Two tones.

Tone control. Tone pitch can be varied in 10 steps.

Lithium battery. Approx. 18 months life using alarm for 90 seconds and nightiight for 3
seconds daily. = 15 secs/month accuracy. ~'Merry-go-round’* demonstration display. Water
resistant case 8.6 5mm thick. Mineral glass. Matching stainless steel bracelet.

ONLY £29.95 for around 40 functions. RRP £34.95

Analogue Digital
Display Display

Tune in to Casio. 12 melodies will alarm you — the
price won't!

12 MELODY ALARM CHRONOGRAPHS with count-
down; date memories

@ Time display. Hours, minutes, seconds, am/pm. 12 or 24 hour format.
Calendar. Day, date and month auto 4 yrs. calendar.
Daily alarm. 7 melodies. one for each day of the week, including **American Patrol.
Hourly time signal. With “"Big Ben type tune. When date memories are set, the chosen
melody is played instead of the time signal. Easily switched on or off.
Date memory. Select “Trinklied” or “*‘Wedding March’’ to be played instead of hourly chimes
on the set day. Press the calendar button for additional renditions.
Birthday memory. 'Happy Birthday '’ is played instead of hourly chimes, or when the calendar
button is pushed. The message “"Happy ™ is also displayed.
Christmas memory. On December 26th “Jingle Bells'' is played instead of the hourly chimes,
or when the calendar function is selected.
Countdown alarm. From 1 second to 1 hour. At zero a chime sounds for 10 seconds and the
count continues positively for 1 hour.
@ Stopwatch. Net, lap and 1st & 2nd place times from 1/10 second to 1 hour. A signal confirms

start/stop operation. A signal sounds at 1 minute intervals
Picturesque moving display of every note played. One touch melody demonstration. Built-in
speaker. Backhight. 2 year battery. Mineral glass. Water resistant case. Mi2 M1200
M-12 Resin case and strap, $/S trim. M-1200 All stainless steel. 9.0mm thick case.

(£26.95) (£34.95)

£24.95 £29.95

Get in the swim with Casio — 300 feet down!
100 METRE WATER-RESISTANT ALARM
CHRONOS with countdown.

@ Amazing FIVE YEAR battery life. Around 30 functions.

® Timekeeping mode. Continuous display of hours, minutes, seconds, am/pm. day date and
month. 12 or 24 hour mode. Time is always visible, regardless of the display modes. Auto 4
year calendar set at 28 days for February.

@ Profassional stopwatch. Net. Iap and 1st & 2nd place times fram 1/ 100 second to 1 hour. A
signal confirms start/stop operation, and sounds at 10 minute intervals.

@ Daily reminder aiarm. Sounds for 30 seconds at the pre-set time. "*Alarm on’’ symbol.

@ Time signal . Sounds every half hour on the half hour, and every hour on the hour. (Two
tones). The time signal, with symbol, can be switched on or off.

@ Lithium battery. Approx. 5 years life, using alarm for 100 seconds and nightlight for 3 seconds
per day. * 15 seconds per month accuracy. Mineral glass.

WwWi50C @ 100 METRE WATER RESISTANT CASES. W-100 Resin case 9.65, thick, resin strap.
W-150C Metal case, resin strap. W-1508B Metal case and S/ S bracelet.
£25.95 See also A250 on opposite page
100 METRE

WATER RESISTANT

w100 W1508
£19.95 £32.50

Price includes VAT and P&P. Send
your company order, cheque, P.O. or Dept. HE, FREEPOST, 164-167 East

phone your ACCESS or BARCLAY- Road, Cambridge CB1 1DB. Tel: 0223
CARD number to: 312866
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JOIN THE KEYBOARD REVOLUTION!

WITH THE AMAZING NEW CASIOTONE 201

The natural fidelity of 29 i
Not an organ or synthesizer.

technology 10 reproduce an astonishing variety of musical sounds.

\
| /

ONLY £245 (RRP £285)|

Wait till you get your hands on it!

The tuture of music, for home or stage. As
used by the internationslly famous DOOLEYS

A250

A250 Alarm
chronograph

The same module as W-100 and
W-150 watches but in a standard
‘water resistant case.

RRP £T.8.A

ONLY £T.B.A.

§$220 Chrono-
9ra ph

ry similar 10 A250 but with
dual ume tacility in hieu of alarms
and chimes. Countdown timer
with repeat function.
7 YEAR BATTERY

ONLY £25

F-300 Sports chronograph

Hours, minutes, seconds. am/
pm, day and date. 4 year calendar
(28 days for Feb.) Stopwatch
measures in 1/100 second 10 12
hours; pet. lap, and 15t & 2nd
place times. 2 year jithium
battery. Resin case /straps. S/5°
trim, Mineral glass. Water res

wa05£12.95
110QS-378B

As F-300 but chrome plated case.
S/S bracelet.

1095 £17.95

F-80E Alarm chronograph

Hours, minutes, seconds, date,
am/pm: or hours, minutes, alpha
day, date, am/pm. 24 hour
alarm, hourly chimes. Stopwatch
trom 1/10 second to 12 hours,
net, lap and 1st & 2nd place.
Nightlight. Resin case /strap
Mineral glass. Water resistant.

3 YEAR BATTERY

€195 £15.95
830S-41B

As F-80 but stainless steel en-
cased. S/ bracetet.

2299 £19.95

ALL OTHER CASIO
WATCHES

Prices on application

struments, preserved on ane keyboard.
he Casiotone 201 is a remarkabte new concept in electronic keyboard instruments. using a 10tally new

Pitch, timbre and harmonics of 29 instruments have been
measured, digitalised and stored in electronic chip memory for
faithtul reproduction. A 4-sound memory funcuon allows you to
change between any 4 pre- selecled mswumnms at a ouch. In ali
modes this p ic — it can
piay full chords of up 1o 8 notes |oge|her The 29 white and 20
black keys span four octaves. The simple-t0-use comrol panet has a
4-position Instrument Memory selector, Vibrato switch. Tone
switch, and Volume contral. Integral speaker. LINE CUT, AUX IN,
ECHO TO and ECHO FROM Jacks. FOOT VOLUME pedal and
SUSTAIN pedal options

Velvet black or Woodgrain. Dimensions: 3x33%x9% inches.
Waeight: 15ibs. AC only.

CASIOTONE M-10. Four instruments on the movel

An instrument of the new age, encompassing the finest of the old.
8-note polyphonic playing of piano. organ, violin and flute. 32
keys, 19 white and 13 black, span two and a half octaves,
instrument selector switch. Vibrato switch. Volume control. Integral
speaker. Output jack for external amplifier, headphones eic.
Mains/battery capability. 2x16%x5% inches. 3.5 (b,

RRP £79. ALL THIS FOR ON LY £69

Now Casio means digitsl music!

WATCH THIS SPACEWAR

The bored room
calculator CAS10 MG-880

An ordinary calculator?? Abso-
lutely enthralling. Action-packed
speed game. You against the
spaceships. Beat the highest
score! 11-note melody maker,
pre-programmed "When the
Saints Go Marching In.

Full memory, %, auto-power off.
Yax2%x4 ‘2 nches

w1205 £10.95

DUO DISPLAY

Independent analogue display of hours and minutes, with
sweep second hand.

Digital display of hours, minutes, seconds, am/pm {12 or 24
hour format).

Day and date auto 4 year calendar function. 24 hour alarm
with ““alarm on™ symbol and hourly chimes.

17100 second stopwarch 10 1 hour, normal snd net. 2 year
battery with battery life indicator. Stainless steel. Water
resistant. Hardlex glass.

JET 010 et

Equivalent 10 HVO13

ONLY £62.50
JET 018 (Equivalent to HVO11)
JET 028 {Equivaient to HVOO5}
JET 994 Gold plated, champagne dial
JES 994 (Equivalent to HX008)

DFT 048

ALARM CHRONOGRAPH

Countdown timer.

Hours, minutes, seconds. alpha day and date. 24 hour alarm
and hourly time signal. Stopwatch times in units of 1/ 100
second o 12 hours. net, lap and Vst & 2nd place.
Countdown alarm umer up to 1 hour. Backlight. Stainless
steel. Hardlex gloss. Water resistant.

ONLY £37.50

DFT 038

£49.95

DER 048

ALARM CHRONOGRAPH

MELODY 90 (ML-90)

Clock, calendar, stopwatch, cal-
culator, 11-note melody maker,
%, square roots. Alarm 1: 7
tunes, one for each day. Atarm 2;
A fixed tune. Date Memory. four
anniversary tunes.

Kiss touch keys.

1 year battery life.
7/32x2%1x4% inches.

. w2296 £1 9.95

MELODY 81 (ML-81) RRP £22.95 £1 9 .95

12 Pre-programmed melodies

Solar po
Weekly siarm

Countdown alarm

Hours, minutes, seconds. day, date and month. Weekly
programmablie alarm. Hourly chimes. Interval countdowr
alarm timer from maximum ot 16 hours. Stopwatch times
1/100 up 10 20 minutes, then in seconds 10 12 hours. Net
lap, st & 2nd place timing. Double display function
Stanless steel. Hardlex glass. Water resistant.

ONLY £52.50

DER 018
100 METRE
Water resistant

Functions as DER 048 above.

Clock, calendar, 2 melody alarms. alarm,
11-note melody maker, calculator,
16x4%x2%"". 14 months battenes.

P.O.A.

%, square roots. 5/

All other Casio Calculators.

£69.95

international
guarantee.

100 METRE
Water resistant

Suntable for swimming. water skiing etc.

Functions as DFT 048 above.

Suitable for swiming, water skiing etc.

All Seiko watches have an
12-month

L-20
Chrome

£14.95

CASIO LADIES WATCHES

Hours, minutes, 10-seconds, seconds {by flash) am/pm. Day. date
month calendar. Stopwatch. Dual ume.

See opposite page for ordering details

Sports

£10.95

87QL-188

£27.95

87a1L-198
Stainless Stes!

£29.95

£62.50
£62,50
£92.50
£67.50
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OHIO SCIENTIFIC Superboard 2. Assembled
50Hz model £159 + 156% V.A.T post tree. Cok
ourbdard 2 {the new colout version of Superboard 2)
£215 + 15% V.A.T.
Special Offer: i bought with superboard of
colourboard these ilems are at the reduced
price shown firsi. Also sold separately at the
brackeled prices Add 15% V.A.T. Modula-
tor and power supply kit £1 (£25) 4K extra
ram €20 (£24) Oisplay expansion kn, 30
hnes X 54 characters. approx. €15 (£20).
Case £23 {£26). Colour conversion board,
fully assembled. £55 (£56). Cassette
recorder £43 (£15). Super Print 800MST
onnter £359 (£359). 610 expansion board
£160 (£160)
SINCLAIR PRODUCTS. New 10MHz scope £145,
pfm200 €51.95, case £2.07, adaptor £4.20,
kit £13.95. Mk ision v £89, adaptor
£6.88, pdm35 €34.23, adaptor £4.20, case £2.07,
dm350£76.70, dm4 50 £102.17, dm235 £55.55,
rechargeable batts. £8, adaptor £4.20, case £9.
enterprise prog calculator + accessories £€19.95,
TG105 €87. Becn frequency counter £150.
COMPUTER GAMES, Chess champion 6 £49.95,
Chess chalienger 7 £79. New sensory chess chale
lenger 8 £119.
Atari videocomputer £429, Carridges £14.85.
COMPONENTS. 1IN4148 0.9p, 1N4002 3.7p.
741 20p, bc182. bc184, bc212. be214, bcb48
6.1p. Resistors %W 5% E12 10R 10 10M 1.5p,
0.8p for 50+ of one value. 16V elecirolytics
5,1.2.5.10.22mt 6p, 100m¢ 7p, 1000mt 11p. 1 1b
FeC1 €£1.60. Dalo pen 90p. 40 sq. in. pcb*50p.

%k Kk kA kK

Polystyrene capacitors €12 63V 10 10 10000t 4p,
1n2 10 10n Sp. Ceramic capacriors 50V E6 22pf to
47n 2.5p. Zeners 400mW €24 2v7 10 33v 7p.

TV GAMES. AY-3-8650 + kit £8.26. AY-3-8600
+ it £12.98. Stunt cycle chip + kit £20.96. Colour
generator kit £8.95.

TRANSFORMERS. 6-0-6V 100ma 98p, 1%:a
€3.12, 9-0-9v 75ma 96p, 19 £2.88, 2a £4.73,
12-0-12V 100ma £1.20, 1a £3.50.

{C AUDIO AMPS wnth pch JC12 6W £2.50, JC20
t0W £3.54.

BATTERY ELIMINATORS. 3-way type 6/7%/9v
300ma £3.45. 100ma radio type with press-siuds
9v £4.77. 9 + 9v £5.99, Car converior 12v inpul.
output 41 /6/7%/9v 800ma £3.04.

BATTERY ELIMINATOR KITS. 100ms radio
types with press-studs 4%v £1.64, 6v £1.64, 9v
£1.64, 4% + 4'%v £2.30, 6 + 6v £2.30, 9 + 9v
€2.30, siabilised B-way types 3/4%/6/7%/9/
12/15/18v 100ma £3.12, 1 amp £7.80. Stabil-
Ised power kits 2-18y 100ma £3.12, 1.30v 1A
£8.10, 1.30v 2A £14.52. 12v car convertor
6/7%/9v 1A £1.62.

T-DEC AND CSC BREADBOARDS, s-dec £€3.79,
t-dec £4.59, exp 4B £2.64, exp300 €6.61, expIS0
£3.62, exp325 £1.84.

B1-PAK AUDIO MODULES s450 £27.90, ALGO
£5.62, pal00 £19.24, spmB0 £5.26, bm180
€6.06, stereo 30 £23 .94, AL30A £4.53.

SWANLEY ELECTRONICS
Dept. HE, 32 Goldse! Road, Swanlay, Kent
Post 35p exwra. Prices include V.A.T. unless stated
Official and overseas orders welcome. Lists 27p post

free. Mail order only.

WEBB ELECTRONICS

for LEDs

1257 8 2
Red

Yellow or Green
.2'" only

White. illuminate red
Chps tor 126" or .2""

Large Ractangular:
Red
Yellow or Green

Large Trianguiar:
Red only .

Small Trisngular
Yellow or Green only

Sorry. no chps tor rectangular and tnangular
LEDs

500 or more deduct 1p any mixi
Top quality, compare price with any other

ad!

WEBB ELECTRONICS
for SPEAKERS

7.5p | Ministure Round:

10.5p [| St 1% 8ohm 0.2wan 400-5000Hz 87p
S5 2%" Bohm 0.3watt 300-5000Hz 7p
S6 2%" 64ohm 0.5watt 200-5000Hz 86p

7.5p

3p Round:

59 4% Bohm 5wait 100-12000Hz €1.50
2.5, $9a 5 8ohm 26watt 500-8000Hz £2.97
,0:5: 513 6%" Bohm 7watt 50-8000Hz €2.82

519 8" Bohm 10watt 45.16000Hz Centre HF cone  £3.63

$22 8" Bohm 15watt 40-18000Hz Centre HF cone  £4.88

7.5p | 523 8" 4-Bohm 20watt 35-6500Hz Dual impedance wooter
£7.8

10.5p || Efliptical:
517 7 x 4" 8obm dwart 130-1000Hz £2.40
5188 X 5" 8ohm Bwatt 45-16000Mz Centre HF cone

£

S.A.E. for tull list

% ’ WEBB ELECTRONICS

= for SWITCHES
= MoufSo e toggjev v o Rt Biye, White. Black C°g$’e‘:’;ﬂ"""= £20.50
Battery / mains €28.10
SPST (on-off) 54p Battery/ mans, imed exit £37.50
SPDT {on-on) 6tp BS4737 panel. timed exit £48.75
DPOT (on-on} 87p Sounders:
Red only 6* Friedland bell £10.80
T T 6" Foreign bell €9.00
N I c O B A E R I E s g;?; :.::2 g:: 2-tone electronic siren £10.50
1 SPDT centre oft 66p :::);ir‘yu::ea"r o
DPDT centre oft 92p 5
*SPECIAL OFFER *F'(,)gNélLl!’(E;l{l.lgEfLHSAE"."GSEOR SPOT centre of!. biased one way sep T 2D £y
i " DPDT centre off. biased one way 93p ; d
*MPX 500 Pencell Size £0.90: SPDT centre off, doubie biased ssp | Coptacts twibh magnets) o
*MPX 1200 Sub-C Size €1.25 | *OTHER CHARGERS BT T o] 230 Bl | 3 it 20
= . SPST aiso avaiiable with red or chrome round toggle . 52p StBes dulied ara
*MPX 4000 D Size £2.60 AVAILABLE Sudoce. B3crew s5p
I These mimiature switches are rated at 3 amp 250v — twice R g o € a5
Dealers enquiries welcomed the ratung of miniature switches generally sold — yet are Felivores it o) z 5 -9°
L = = cheaper in many instances. Check other ads! (sp:s‘i'c'c“;'uil : bl il
-E. tor int
Minimat Technical Ltd.
55 Comwall Street, Birmingham B3 2DH Phone today for lowest quote for Burglar Alarm installation if you five anywhere in the North-West, Post and
Tel: 021 236 1 328 pack. {alarm egpt. £1), others: post and packing add 50p; orders over £5 free V.A.T. add 16%
: WEBB ELECTRONICS, 31 Winwick Street, Werrington - Telephons Warrington 54174
Dealers Enquiries invited
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o] CB RADIO RECEI
LISTEN TO CB ON YOUR CAR

CB - CONVERTER CB-705

AERIAL
i - RADIO FOR ONLY £14.99 + VAT
A 3.7 ® “Listen for speed traps and accident warnings
f o 18 and learn the lingo
FARTH / (Hear all 40 channels on your medium wave dial)
+ ADD CAR TO RADIO Fusfil SIMPLE TO FIT: FULLY LEGAL
INSTANT Pleasesupply ........ Name - ‘3_
iver . Address
ORDER  Goriege 100 peritom
VAT at 15%
F 0 R M Totala;nclosed Tel no

Goods despatched within 7 days (subject to availabllity) (orders accepted on plain paper)
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Breaker

One
Four

Send any news, comments or information you have to:
Breaker One Four, Hobby Electronics, 145 Charing Cross
Road, London WC2H OEE

There’s not much happening on the legalisation scene this month but
elsewhere CB accessory shops are opening almost daily. Rick Maybury has

details

THIS HAS BEEN one of the quietest months for a long time.
Although our spies tell us that 27 megs is busier than ever (all
40 channels full some nights!) the campaign has slowed down
to a crawl. We contacted the Home Office to see how the
Green Paper was faring. The gentleman we spoke to didn’t
want to commit himself to actual numbers but he did say that
if he saw another letter about CB in the next ten years it would
be too soon. By all accounts the HO are being inundated with
responses, keep it up, we're sure they’re getting the idea.

Usually we get to hear of a fair number of ‘busts’ during
the month and even these seem to have tailed off: are the PO
and HO giving it arest?

The media are finally realising that CB is here to stay, and
this is amply demonstrated by the sudden proliferation of CB
magazines on the bookstalls. Everyone seems to be getting on
the band wagon (pun intended). We welcome all these new
magazines (with one doubtful exception), they are all doing a
splendid job.

The accessory scene is also livening up, two new shops in
the London area having been opened within a week or so of
each other. The first is A Aerials in St james Street,
Walthamstow. We hope to be getting down there in the next
few weeks — look out for a report next month. The biggest
shop to open for a long time was undoubtedly the Citizens
Band Radio Centre in Harrow, and we were invited down to
the opening — more about that later.

Cheap Rigs’

We had two surprises this month in the shape of catalogues
from companies advertising actual, genuine CB rigs for 27
MHz. In all fairness both companies stressed that these
devices were not available in the UK but both openly admit
that they do sell their wares over the counter in the lIrish
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Republic. The first company is called BIS Electronics. They
quote a price of just £28 for the Sharp 2460 basic 40 channel rig
in lots of 20. This is a trade price so add about 33% for the
retail price. The second company is none other than Tandy,
who have included about half a dozen rigs in their new
catalogue. There are no prices for the rigs but again they are
freely available in the Irish Republic. The catalogue does,
however, give prices on Tandy’s very creditable range of ac-
cessories including antennas, mikes and connectors etc.

The whole point of this is to show you just how much the
equipment really does cost. A year ago we told you how our
roving reporter was offered standard 40 channel rigs, brand
new in their boxes, for just £3.00 each. Admittedly this was in
the States but you get the idea. If the Government goes ahead
with Open Channel on 928 MHz and limits the number of
licences to just 150,000 in the first year, then no manufacturer
will be able to make the gear for less than £200.00. If, say, half a
dozen companies manufacture the rigs, then with a produc-
tion run of just 25,000 each they cannot hope to bring the price
down to a realistic level. After all, that number is barely more
than a preproduction prototype run. Some japanese com-
panies can make that number of radios in a weekend: they
couldn’t justify the expense of setting up production lines for
such a limited market. Oh well, back to more pleasant mat-
ters.

Midlands Radio Fair And Mass Eyeball

A group of businessmen in the Nottingham and Derby area are
organising an event called the ‘Midlands Radio Fair & Mass
Eyeball’” This will be held on Sunday 9th November. The
organisers tell us that it will be run along the lines of an Anti-
que fair with trade stands, a bar (that sounds interesting!) and ij;»?
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Citizen Band, Antennas and Accessories
for Marine, RV, Truck, Auto, Van
Motorcycles . . . Mobile and Indoor/
Outdoor Base Applications

10-4 Good Buddies

Firesti’| K40

 ANTENNAS

®

Come to us for your
Car Spares — Accessories

Customizing Equipment

229 CHERTSEY ROAD
ADDLESTONE, SURREY

TEL.
CHERTSEY (STD 09328) 62556

UNTIL C.B. IS LEGALISED WE
DO NOT SUPPLY RIGS

FOR C.B.
IN
SCOTLAND

o' No false claims

W00« (unlike certain
oo‘\e“\?eape‘ competitors!)
W ot G about our range of
Wo stock and our

prices.

eg Mag Mount (base loaded) £9.95
Monacor CB Convertor £10.95
Hy-gain Twin Truckers £19.95

We also stock, at discount prices, Shakes-
peare Rebel, Firestick, K40, Antenna
Specialist Range, Turner, DV27, DX27,
T27, B27, cable, plugs, Starduster, aerial
tuners, etc, etc, etc.

VICTOR MORRIS LTD.
340 Argyle Street, Glasgow
041-221 8958

All Post Free

Bears take note
—no rigs

“Simply ears ahead”

“"SKYWAVE"

FOR

COMMUNICATION
ANTENNAS BY H.M.P.

ALSO:
C.B.-V.H.F. AMATEUR AND
TEST GEAR ACCESSORIES
COMPONENTS AND SURPLUS

Telephone: Bournemouth 302080
73 Curzon Road, Boscombe
Bournemouth

CALLERS WELCOME
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catering facilities. The Nottingham/Derby area is one of the
most active in terms of CB interest so the organisers expect a
good turn out. You may even see the odd refugee from HE
wandering about(probably near the bar) so why not pop along
and see what’s happening.

The venue will be the Festival Inn in Trowell Nottingham-
shire. This is situated on the main Ilkeston-Nottingham road,
(A609) about 6 miles from Nottingham, approximately 4 miles
from Junction 25 on the M1 motorway. The Fair opens at10am
and will stay open till 5pm. If you want any more information
then you can contact the organisers at:

TVC Ltd,, Station Road, Long Eaton, Nottingham (Phone
Long Eaton 62247).

CB Handbook and National Directory of Handles

This is what you've all been waiting for. The Hobby Electronics
CBHANDBOOK AND NATIONAL DIRECTORY OF HANDLES
is finally ready. After months of computerised compilation we
have collated together thousands and thousands of registered
handles into alphabetical and geographical categories. Each
handle has been assigned a unique identification code con-
sisting of numbers and letters so there shouldn’t be any confu-
sion in future over who was first. Included in the handbook
section are features on CB law, all of the currently-used codes,
addresses ofall the local and national CB clubs and details of
the National CB organisations. Most important of all is the
registration form, enabling you to register your handle in the
next edition which will be appearing in the next few months.
Remember, registration is absolutely free: all you have to do is
to get hold of a copy of the CB HANDBOOK AND NATIONAL
DIRECTORY OF HANDLES. This special publication is
available only from us, it will cost just £1.00 including post and
packing or, if you can get along to the HE offices, only 85p. We
will of course be happy to quote a discount for bulk orders.
Get your copy early to avoid disappointment. Please allow 21
days for postal delivery.

ClubCall

There can’t be many areas without some form of CB club now
but we're still getting news of new clubs. As always we’re will-
ing to give your.club a mention if you just jot down a few
details. Don’t forget the address and a word or two about your
membership and meeting place. Here is this month’s selection.

Clog Town Breakers Club
Secretary: CBC

C/O Astley Bridge,
Bolton BL1 6PY

(Phone 0204 50046)

East Antrim CB Club
PO Box 4

Antrim

Northern Ireland

Grampian Breakers Club
Secretary: R.T. Strachan
59 Jasmine Terrace,
Aberdeen,

Scotland

Please note:

Open Channel CB Club.

F.W. McKeown is no longer the Chairman of the above club.
The new Chairman is Mr S.). Battersby. All correspondence
should now be addressed to: The Secretary, OCCBC,

17 Coronation Street, Blackburn BB11BS.
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Harrow has Jaws

As proof of the ever-increasing interest in CB, yet another ac-
cessory shop has been opened — Citizens’ Band Radio Centre
— at 331/7 Kenton Road, Harrow, Middlesex. It is a family
business, run by David, Anita and Irving Jacobs.

‘David )Jacobs spoke about some of the products: most in-
teresting was the Jaws 2 transceiver. This is supplied in kit form
(assembled PCB, case, knobs, brackets, screws, etc.). When
assembled, it operates only as a receiver thus, it was claimed,
meeting the requirements of the law. A full set of components,
however, are available for this rig and it costs around £70. Pro-
spective buyers are warned by staff of the legal position con-
cerning CB.

According to David, sixty different types of aerial are on of-
fer, including Avanti, PAL-Firestik and Shakespear. The linear
amplifier range covers 25 W to 1TkW. Most popular of these
amps seemed to be the Lazer 1000 (switchable for 25, 50, 75
and 100W). Mikes included the popular K40, and Dacron and
Alinca were among power supplies on show. It is planned to
have a monitor receiver, model 733C, available ‘before
Christmas’. This will cover AM, FM (56 to 108 MHz) and CB
(26.965 to 27.405 MHz) and is likely to cost around £15.

Stocked for service — view inside Citizens’ Band Radio Centre during the
press reception.

Bold display of CITIZENS’BAND is counterpoised with OPEN CHANNEL
outside the shop.



Big Ears
Telecommunication Ltd.

68 NARBOROUGH ROAD, LEICESTER
TELEPHONE 0533 546031

BIG EARS CB

IF YOU WANT IT WE'VE GOTIT
THE BIGGEST SELECTION IN THE COUNTRY

A.C.H. ACCESSORIES EAST COAST SPEED HOWLEY RACING PITSTOP WHEEL & CUSTOM
Station Road & CUSTOM Winwick Road 9 Carlton Parade 143 Rochdale Road
Cheadle Huime Aylesham Road Warrington QOrpington Bury
Manchester Norwich 0925-51793 Kent 061-764-0554
061-485 3356 0603-401921 , 01-622-4035
Abinger Street Roman Road 0 L
Burnley ELECTI}ONICS Fawcett Road London Dover
e garr:w-lg-glu_rél;ss Souths:a ) 01-980-3534 0304-207043

umbria Ny
0282 26250 Lo WEEKEND D.L.Y. WHEELSPIN
COUNTRY COMFORT GEAR CHANGE SKYWAVE Thorn Road 15 Staines Road West
40 Keys Hill 398 Bath Road Curzon Road Staineforth Sunbury-on-Thames
Atherstone Stough Boscombe Doncaster Middlesex
082-77-5998 061-86666 grfrnemouth 0302-841001 Sunbury 83346
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I'he first major British
WE HAVE AN EXTENSIVE , u
RANGE OF CB ACCESSORIES
INSTOCK —ALL LEADING
MAKES INCLUDING:

ELECTRIC CB/AM/FM ANTENNAS, high quality,
complete with splitter; from £29 84 e var
. inc.

DC POWER SUPPLIES, various professional

brands.rated 3amp to 30 amp. All fully

stabilised with overload

protection; from £28.69 c.var

FIRESTIK antennas by 'PAL’. All

models, colours. sizes etc; from  £9.14 inc.var

'll:'HE FAMOUSf ‘LAZER 1000’ bi-lateral amplifier.
our stages of power—up to

100 watts output! £148.93 inc. VAT

ANTENNA SPECIALISTS MS 264 disguise

antenna— possibly the most popular CB antennainthe UK. £25.01 inc.var

All the above are retail prices and subject to availability

We weicome trade eriquiries.

. ] | It is at present an offence under the Wireles
We wish to appoint a limited number of agents throughout Telegraphy Acts 194910 1967 to manufacture

the U.K. —contact Marketing Dept. Sich equipment § noteahasts for ves e e Gk
For price list please send ’
8“x 5 sae envelope. CIT|ZENS BAND
@ (C
RadiclCechtrellltdy,

337 Kenton Road, Harrow, Middlesex. Tel: 01-907 1106/7.
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Mura

Three for the price of one this month — our roving reporter has
been to Mura Ltd where Elliot Kahan, David Gross and Ged
Crow are running one of the most successful CB accessory
shops in the country.

Mura started some two years ago, after Elliot and Ged had
returned from a visit to the States. Naturally the lack of CB in
this country inspired them to do something about it, they ac-
tually started operations with just three antennas! They
adopted the name Mura from an American company of the
same name, Mura Corporation, one of the largest manufac-
turers of CB accessories in the USA. Just after Christmas this
year they opened their now famous shop in Church Road, Hen-
don. Itdidn’ttake long for them to build up a respectable retail

. business, mostly by word of mouth, customers now come
from all over the country. Much of their business now
originates from the nationwide chain of dealerships and few
areas are without a Mura stockist. Indeed, whilst we were in
the shop one gentleman was busily buying stock for a shop
that he was about to open in North London. Some £2,000
changed hands in just under ten minutes. Although Elliot
wouldn’t be too specific, it would seem that they are enjoying
a turnover in excess of this country’s current balance of pay-
ment. CB must be one of the most successful growth industries
in these troubled times.

If you can cast your minds back a couple of months you'll
remember our first visit to Mura. At that time they were heavi-
ly into antennas (base station aerials a speciality). That is still
very apparent, although they can now offer a very comprehen-
sive range of mikes, SWR and test meters, mounting hardware
and a rather interesting CB monitor. This particular model is
one of the best we’ve seen: it even has a squelch and noise
limiter control. At £14.95 it has got to be one of the best in
terms of value for money, the only problem being that they

CB VIPS

from left to right: Ged Crow (seated) David Gross and Elliot Kahan.

only have a limited number of them so you’ll have to hurry.

Getting back to the business, they has recently opened a
small but worthwhile operation in Tottenham Court Road.
That looks set to expand shortly, and Mura are currently think-
ing about opening another shop very soon.

We asked the lads what they thought about Open Channel.
We needn’t have bothered as they felt pretty much the same
as everyone else. Though perhaps more shrewdly than most,
they have already had some sample antennas for 928MHz. All
they need now is some equipment to connect them too. As
they pointed out at the time, that is one line that won’t be sell-
ing too well for a long, long time.

A number of CB magazines were on sale. David said that
amateur radio (RSGB) publications had been selling faster
than those on CB. In his view, CB was often the first step for
some into ham radio, and said: “One in 10 are showing an in-
terest in moving in that direction.”

The question of the sale of high-power linear amplifiers
(burners) was raised. In David’s view, those who bought these
had serious intentions of working long distances and would be
already using a beam antenna (especially radio hams on 10
metres). CBers, he felt, preferred to stick to a high-efficiency
aerial rather than use a burner. They realised, he said, that us-
ing a high-quality aerial was better than putting “1kW into a
coat hanger'.

He saw Open Channel as: ‘a means of stalling on behalf of
the Government and Government bodies'.

Heé also said that experiments into the use of aerials for
928 MHz (the proposed OC frequency) were being undertaken
by one of the Centre’s overseas suppliers.

Irving Jacobs had grave doubts about 928 MHz, and saw lit-
tle hope for British rig manufacturers if this became the ac-
cepted band. We would have, he said, ‘the best of the boot’ if
27 MHz was legalised, reaping the benefits of US experience
on this waveband.

An associate company — Open channel radio GB Ltd. —
has been formed to invest in rig manufacturers — once the
proposed OC network comes into being.
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Teach Yourself CB
We received a cassette tape the other day from a company
called Bridair Audio Promotions Ltd. These enterprising peo-
ple have produced the very first guide to British CB with their
tape called ‘Teach Yourself CB’. After slapping it in the HE
cassette player we must admit that it sounded rather odd at
first. After all, American CB slang explained by someone with
a BBC newscaster’s accent does sound awkward, to say the
least. Actually it did grow on us and after hearing it a couple of
times we’ve got to say that we’re impressed. It has been profes-
sionally produced and although the commentary is slightly
shorter than we would have liked there is a good selection of
Country & Western music (all CB songs) to listen to. All in all a
good introduction to British CB, there are lots of helpful hints
and tips and it should get a lot of people get acquainted with
two-way radio. We will be offering this tape as a special offer
in our forthcoming CB publications. If you just can’t wait then
you can contact Bridair at:

Basement Studios, 158 New Bridge Street, Newcastle on
Tyne, NE1 2TE.

Each 40-minute cassette costs £2.99 plus post and pack-
ing from the above address.

Times up again for another month, Stay lucky and see you
in four weeks. HE
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CBaSs

The Largestdistributors of CBaccessoriesintheUK.

Come and seethe biggestand best selection
of CBradio accessories including:-

EXPANDER
500

MURA CBT 25
SWR/P/AIM

A LARGE SELECTION
OF ALL ACCESSORIES
ALWAYS IN STOCK CB MONITOR K40

AGENTS THROUGHOUT THE UK SPEECH
ABERDEEN: Cheyne Electronics, Crossfields, Turiff, Aberdeenshire. (08885) 254 PROCESSOR
BLACKPOOL: ADS Electronics, The Ladder Centre, 239 Dickson Road, Northshore, Blackpool.

BURY, LANCS: B &H Electronics, 183 The Rock, Bury, Lancs. 061-761 6144

BURY ST. EDMUNDS: Denver Autos (Skid Parish), Troston, Bury St. Edmunds, Suffolk. Honnington 506.

CARLISLE: R & S Supplies, 29 Lamb Street, Upperby, Carlisle. Carlisie 38172

CHELTENHAM: Breakers Yard, 1 Moorend Terrace, Croft Street, Cheltenham, Glos. (0242) 39783
COVENTRY: CB Specialists Coventry, 79 Far Gosforth Street, Coventry. 0203 29567

EAST BARNET: Autospar, 271 East Barnet Road, East Barnet, Herts. 01-449 5070

EDINBURGH: Custom Equipe. 131 Fountain Bridge, Edinburgh.

GREENFORD: Sound Around. 114 Ruislip Road, Greenford, Middlesex. 01-575 5030

ISLE OF WIGHT: Electronic Pastimes, 29 North Road, Shanklin, isle of Wight. (0983386) 6103
LEEDS: Hi-Fi Servicing, 26 Moreland Grove, Leeds 17. (0532) 686960

LITTLEHAMPTON: Golden No's, 6 Bayford Road, Littlehampton, West Sussex. (09064) 24858
LONDON (Futhamy): Chelsea CB Centre, 73-77 Britannia Road, London SW6 2JR. 01-731 3287/8/9
LONDON (West End): Sonic Sound Audio, 248-256 Tottenham Court