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Here’s the remarkable new

ULDEOMASLLIN

Superscore HomeTV Game
Get it together for only £24.95

Available to you in kit form at the same moment ball speeds, automatic serving and much more. It runs
as its national launch, the brilliant new Videomaster on six 13 volt SP11 type batteries (not supplied).
Superscore contains the latest product of MOS The Videomaster Superscore kit costs only
technology: a TV game chip. £24.95 including VAT (recommended retail price of the

The logic contained in it had previously to be ready built model is over £40.00) and comes complete
generated by 100 TTL devices. Now it is condensed with ready-tuned UHF or VHF modulator, circuit board
into one 28-pin chip. with printed legend, all resistors, transistors and diodes,

This all-new Videomaster plugs into your 625-line  built-in loudspeaker, socket for mains adaptor, and, of
UHF TV set (for overseas customers having VHF sets course, the TV game chip itself.
we can supply the necessary VHF modulator) to give Easy to put together the Superscore has full
you four exciting games (including tennis and football) assembly instructions, circuit diagram and circuit
and two future game options. It features on-screen description. Don't miss this chance to own the newest
digital scoring, realistic hit sounds, two bat sizes, two electronic game at such low cost.

POST TODAY TO:

e — o

Videomaster Ltd 14/20 Headfort Place, London SW1X 7HN @ |

Please send me (insert No. requ’d)................. Videomaster Superscore Kits at £24.95 (inc. VAT & P&P in UK) |
| or£23.10+£4.00 for P&P overseas) |
| ienclose my cheque/money order* for £............ VHF modulator required YES/NO* l
| navE l
: ADDRESS '

|
! ALLOW 21 DAYS FOR DELIVERY * delete as necessary J
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Features

ELECTRONICS IN PRINTING
A look at how our hobby has invaded the printing industry

SELECTING MICROPHONES

What to use and where and how to use it/
THERMAL PRINTING

Setting things ablaze as neatly as possible
CAPAC!ITOR DISCHARGE IGNITION
Theoretical look at CDI

ETI MICROFILE PART EIGHT

Introduction to a home computer system

COMPONENT CODES

Cracking the codes component manufacturers use

ELECTRONICS ITS EASY

Analogue-to-digital conversion

TECH TIPS

More readers circuits

Projects

DUAL ELECTRONIC DICE

Truly random dice

1-2 HOUR TIMER
Avoid the fall of the heavy hand!

ETI 5660 VDU PART TWO

Concluding our 1/ 0 device article

DIGITAL MULTIMETER

A remarkable instrument with high accuracy

100W DISCO PART TWO

Pre-amp, fader, and monitor circuits

Amplifier with transistor array combined on one chip.

MK 50395N

Six decade counter with display drivers

News

NEWS DIGEST
ELECTRONICS TOMORROW

Information

SUBSCRIPTIONS

ETI CLOCK DETAILS

WATCH OFFER

ETI NOVEMBER PREVIEWED
ETI BINDERS

Competition

ETI TIMEKEEPING COMPETITION

A chance to win both a clock and a digital watch — free!




‘Metac Digital
. Watcher

TLC4 LIQUID
CRYSTAL
ELECTRONIC
WATCH

Continuous display with
backlighting, 6 function
watch. Hours/minutes/
seconds/date/a.m./p.m.
setting. Available in 18ct.
Gold/Rhodium plated.
Slimline Case.

+£2.40 VAT
2 year Guarantee j

Q TI.ESEA \

Y QUARTZ CRYSTAL
ELECTRONIC
WATCH

8 separate functions,
Hours/minutes/day/date/
a.m./p.m. indicators/Auto-
Fade. Available in 18ct.
Gold/Rhodium plated.

Slimline Case.
+£1.80V.AT.
2 year Guarantee

DIGITAL \1
MAINS CLOCK

Bright Planar Gas digit
display. A.M./P.M.
Indicator and flashing
second indicator, 24 hour
bleeper alarm, 5 minute
repeater. Mains failure
indicator. 5’ across x 3%
deep. Attractive White
Case. Hundreds sold.

£13.95Incl.V.A.T/

P , ‘MISTRAL DIGITAI.k
CLOCK

In kit or built form. Large
4 digit display. Push
button setting. 12-24 hour
read out. Pleasing green
display. Pulsating second
indicator. Build in 1 hour.

Complete kit £11.o7lncl. V.AT.

~ N\ Buitt Clock £ 149D 1nci. v.ar. 4

REMEMBER with every WATCH you get METAC SUPER
COVER.Full 2 years guarantee. Two year replace or repair if faulty:
Free Calibration check 1st, 2nd & 3rd year. Free Technical advice.

ToMETAC INTERNATIONAL. Cross Lane, Braunston,
Northants. Tel: Rugby 890672

Please supply the following:— .. .. ...........
[T T = R A S SRR B A BN

AdAress . . . . siae ok bl a g b ok by e e o Gl f s e

| enclose cheque/Postal Order/Money Order .
| wish to pay by Barclay Card/Access and my number is

Signature . . .. .... .. .. L ]

Mail Order Customers. Please add 58 pence per order to
cover postage and insurance.
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From your usual comporient
supplier or direct from:

DECON LABORATORIES LTD.
Ellen Steet, Portsiade.

Brighton BN4 1EQ

Telephone: (0273) 414371

Telex: IDACON BRIGHTON 87443

Seno33—

The
Laboratory
in a box

All prices.post & VAT inclusive Data sheels free of charge
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A Marshall {London) Ltd Dept: ETI
éem WM W 40-42 Cricklewood Broadway London NW2 3ET

Tel: 01-452 0161/2 Telex: 21492

& 85 West Regent St Glasgow G2 2QD

Tel: 041-332 4133

& 1 Straits Parade Fishponds Bristol BS16 2LX

Tel: 0272-654201/2

& 27 Rue Danton issy Les Moulineaux Paris 92
Call in and see us 9-5.30 Mon-Fri 9-5.00 Sat

Trade and export enquiries welcome. Catalogue price 40p (30p to callers).

NEW RANGE TOOLS —

Top 500 Semiconductors from the largest range in the UK — All devices
HIGH QUALITY

manufacturers branded stock

2N456 1.40| 2N3390  0.37 | 2N5296  0.36 | AF240 0.90| B8C301 0.45 | BF200 031| LM7824P 139 | TAASOD 287 MINIATURE
2N456A  1.54 | 2N339) 0.29 | 2n5298  0.40| AF279 0.80| BC303 0.60 | BF2254 0.25| MC1303 147 | TAA 1.25
2N457A 1.70 | 2N3391A  0.34 | 2N6457 0.29 | AF280 0.85 | BC307 0.20 | B8F244 0.35: MC1310 1.96 | TAA350 2.48 ELECTRONIC PLIERS
2N490 460 2N3§g§ 0.14 | 2N5458 g.gg AL102 1.50 | BC308 0.18 | BF245 0.34| MC1330p  0.75 TAASS0  0.60 and CUTTERS
2N491 5.00 | 2N3 0.15 | 2N5459 29| AL103 1.50( BC309C  0.25 | BF246 0.75| MC136/P  0.87 | TAAB1IC 225
2N492 5.75 | 2N3394  0.15 | 2N5492  0.42( BC107 014 BC317 014 | 8F254 0.20| MC1352p  0.87 | TAAG21 218 INSULATED HANDLES
2N493 5.98 | 2N340.30 2N5494  0.45! gC108 0.12| BC318 0.13 | BF255 0.20| MC1466L 3.95 | TAAG618  1.32 Round nose box joint 4" long £2.50
2N696 0.25 | 2N3414  0.15 | 2N5496  0.50| gC108 0.15| BC337 0.19 | BF257 0.37| MC1469R  2.50.{ TBAG41B  2.50 Diagonal side cutters box joint 4
2N697 0.16 | 2N3415  0.17 | 2N5777  0.45] BC113 0.17 | 8C338 0.21 | BF258 0.49| MEO402  0.20 | TBAGS1 1.30 long £2.80
2N698 0.82 | 2N3416  0.23 | 2N6027  0.45) gC115 0.19 | BCS47 0.12 | BF259 0.48| MEO404  0.15 | TBABIO  1.16 Flat nose box joint 4" long  £2.40
2N699 0.55 | 2N3418 0.27 | 3N128 0.80| pC116 0.19 | BC548 0.10 | BF459 0.39 | MEO412  0.20 | TBAB20 1.03 Sni box ioint 4" lo
2N706 0.12 | 2N3440  0.57 | 3N139 1.45| gC116A  0.20 | BC549 0.13 | BFR3S 0.24| ME4102  0.10 | TBA920 1.79 [0 el L3 [ ong
2N706A  0.12 | 2N3441  0.78 | 3N140 1.00 | BC117 0.22 | BCY30 1.03 | BFS21A  2.60| ME4104  0.10 | TIL209 0.30 X £2.40
2N708 0.21 | 2N3442  1.20 | 3N141 0.85 | BC118 0.16 | BCY31 1.06 | BFS28 1.04 [ MJ4BO 1.05° TIP29A 0.50 Dasoldering tool £5.00
2N709 0.50 | 2N3638 0.16 | 3N200 2.60 [ BC119 0.30 | BCY32 1.18 | BFS61 0.30 | MJ4B1 1.30 | TIP30A 0.60
2N711 0.55 | 2N3638A 0.16 | 40361 0.45 | gC121 0.45 | 8CY33 0.90 | BFS9B 0.27 | MJ490 1.05 | TIP31A 0.62
2N718 0.22 [ 2N3639  0.30 | 20362 0.48 | 8C125 0.18 | BCY34 0.98 | BFX29 0.36 | MJ491 1.55 | TiP32A 0.75
2N718A  0.40 | 2N364t 0.20| 40363 ;-08 BC126 0.25 | BCY38 2.00 | BFX30 0.38 | MJ2955 ;.oo TIP33A ‘:go
2N720 0.69 | 2N3702  0.17 | 40389 .50 | BC132 0.30 | BCv42 0.80 | BFX84 0.38 | MJE340 .58 | TIP34A  !11.20
2N914 0.22 | 2N3703  0.15 | 40394 0.60 | BC134 0.15 | gCys8 0.55 | BFX85 0.41 | MJE37O  0.68 | TIP35A 2.50 P.C. MARKER PEN DALO 33PC
2N916 0.43 | 2N3704 0.15 | 40395 1.20 | BC135 0.15 | BCY59 0.32 | BFX87 0.35 | MJE3T 0.81 | TIP36A 3.35 0.87. ZENER DIODES 400MW
2N918 3-34 2N} 0.15 | 40406 0.48 | BC136 o.lz BCY70 0.25 | BFx88 0.32 | MJES20 g.gs TIPA;A 0.70 0.11, 1W 0.17, 2.5W 0.35. IC
2N929 .25 | 2N3706 0.14 | 40407 0.38 | BC137 0.14 | 8CY71 0.26 | BFX89 0.95 | MJES21 .75 | TIP42A 0.90
2N930 0.26 [ 2N3707  0.18 | 40408 0.50 | BC140 0.60 | BCY72 0.24 | BFY50 0.30 | MJE2955  1.25 | TIP29c 0.75 ?g&fi“l;s‘lgoun%;fé;gglé o;/13‘;
2N1302  0.37 | 2N3708  0.14 | 40409 0.55 | BC141 0.85] BD115 1.20 | BFY51 0.38 | MJE3055  0.75 | TIP30c 0.85 .16. o
2N1303 0.37 | 2n3709 0.15 | 40410 0.55 | BC142 0.30 | 8D116 1.20 | BFY52 0.36 | MPB111t 0.35 | TIP31c 0.85 0.02 (100 per value €1.30), '2W
2N1304  0.40 | 2N3710  0.14 | 40411 2.30 | BC143 0.30 | BD121 2.00 | BFY53 0.34 | MP8112  0.40 | TIP32c 1.00 0.03 (100 per value £2.00).
2N1305 0.40 | 2N3711 0.15 | 40594 0.75 | BC147 0.10 { BD123 2.00 | BFY90 1.27 | MPB113 0.45°} TIP33c 1.45 SCORPIO CAR IGNITION KIT
2N1306  0.45 | 2N3712  1.20 | 40595 0.85 [ BC148 0.10 | BD124 2.00 | BRY39 0.50 | MPF102  0.30 | TIP34c 1.70 €12.95. BOX £1.80 TRANS-
2N1307  0.45 | 2N3713  2.30 | 40601 0.70 | BC149 0.13  BD131 0.51 | BSX20 0.31 | MPSAOS  0.20 | TIP4lc 1.00 FORMERS £3.75 IMF 440 VAC
2N1308  0.60 [ 2N3714  2.45 | 40602 0.50 | BC1563 0.27{ 8D132 0.54 | BSX21 0.32 | MPSAO6  0.20 | TIPA2c 1.20 .
2N1309  0.60 | 2N37156  2.45 | 40603 0.60 | 8C154 0.27 | BD135 0.42 | BUI0E 3.06 | MPSA12  0.35 | TIP2955  1.00 £1.60 BOARD 0.95 JUMBO
2N1671 1.80 | 2N3716  2.60 | 40604 0.60 | BC157 0.12 | BD136 0.42 | BU205 2.40 { MPSAS5  0.20 | TIP3055  0.50 7-SEGMENT DISPLAYS £2.16.
2N1671A  1.92 | 2N3771 1.60 | 40636 1.15| 8C158 0.11 [ BD137 0.45 | CAJ028A  0.85 | MPSAS6  0.20 | TiS43 0.30 DL 707 €1.60. MINITRON £1.50.
2N16718  2.12 | 2N3772  1.70 | 40673 0.73 | BC160 0.78 | BD138 0.48 [ CA3030A 1.50 | MPSUOS  0.40 | ZTX300 0.15 LEDs RED YELLOW GREEN 2in
2N1711 0.27 [ 2N3773  2.65 | AC126 0.37 | 8C167 0.12 | BD139 0.50 | CA3035  1.35  MPSUOB  0.40 | ZTX301 0.15 ) :
2N1907  5.50 | 2N3779  6.00 | AC127 0.44 | BC168 0.12 | BD140 0.50 | CAJ046  0.73 | MPSU55  0.45 | ZTX302 020 dia. 0.24.
2N2102  0.60 [ 2N3790  2.75 | AC128 0.37 | BC169 0.12 | BD529 0.35 | CA3048  2.15 | MPSU56  0.45 | ZTX500 0.15
2N2147 140 | 2N3791 2.75 | AC151V  0.35{ BC170 ©0.16 | BD530 0.38 | CA3052 1.62 | NE5S5V  0.48 | ZTX501 0.15
2N2148  1.66 [ 2N3792  2.90 | AC162v  0.50 | BC171 0.14 | BDY20 1.13 [ CA30B0A  1.10 | NE556 1.30 | ZTX502 0.18
2N2160  1.10 [ 2N3794  0.20 | AC153 040 | 5C172 0.12 | BF115 0.36 | CA3089E sgo NE560D  4.48 | ZTX530 0.23
2N2218A  0.47 [ 2N3B19  0.26 | AC163k  0.42 | 'BC177 0.19 | BF117 0.70 | CA3090Q  4.25 | NE561 4.48 | ZTX531 022
2N2219  0.42 [ 2N3820  0.29 | AC154 0.45 | gCt78 0.18 | BF121 0.55 | cA3130  0.88 | NES6S 1.30 SEE MARSHALL'S FOR
2N2219A  0.52 | 2N3823 0.61 | AC176 0.40| BC179 0.21 | BF123 0.55 | LM301A 0.47 |0C28 2.00
N2220 035 [2N3904  0.21 | ACITEK 048 gcigz 011 [ BFIS2 025 | (M3oBN 1.3z | 0C3s 150 | INIATURE CMOS
2N2221 0.22 | 2N3906  0.22 | AC187K . 8C182L 0.14 | BF163 0.25 | LM3 -80 | oca2 0.50
2N2221A  0.26 | 2N4036  0.87 | AC188K  0.45| BC183 0.11 | BF154 025 | LM380 0.98 | 0c45 0.75 | CERAMIC PLATE ggjgg? 029 Eg:g:g o gg:g:g e
2N2222 0.25 | 2N4037 0.55 | AD142 0.65| BCt83L 0.14 | BF159 0.35 | LM381AN  2.07 | OC71 0.45 CAPACITORS CD4002 0.20 CD4020 1.12 CDA04s 0.84
2N2222A  0.25 | 2N4058  0.20 | AD143 0.75 | BC184 0.12 | BF160 0.30 | LM702C  0.75 | 0C72 0.45 | 1 F_0.015mF C04006 1.16 CD4021 1.01 CDA045 143
2N2368 0.17 | 2N4059 0.15 [ AD149 0.74 ] gC184L 0.14 | BF161 0.60 | LM709T099 0.40 | OC81 0.75 : 5 C04007 0.20 (D022 097 CDA046  1.42
2N2369A  0.21 [ 2N4060  0.20 | AD150 1.20 | 8c207 0.11 | 8F166 0.40 | LM741CAN 0.38 | OC83 0.50 P C04008 0.97 C04023 0.20 CD4047 115
2N2369 0.25 | 2N4061 0.17 | AD161 0.75 | BC208 0.10 | BF167 0.33 | 8DIL 0.35 | OrRP12 0.60 CD4009 0.57 CD4024 0.79 CD4043 0.56
2N2646  0.55 | 2N4062  0.18 | AD162 0.75 | BC212 0.14 | BF173 0.33 | 14DIL 0.40 | R53 1.80 Eoa0: oMo eoz025 Mo olcos0soloss)
2N2647 110 |12N4126  0.17 | AM06 0.45 | gC212L 0.17 | gF177 0.38 | LM710 0.45 |SL414A 238 cozoilioRolc k05 Moselcci s olsa
2N2904  0.36 | 2N4289  0.30 | AF114 0.65] BC214L  0.17 [ BF178 0.45 | LM390ON  0.55 |sig10Cc  2.35 5% CD4012 0.20 CD4028 0.91 CD4511 1.54
2N2904A  0.37 | 2N4919  0.85 | AF115 0.65 | 8237 0.14 | BF179 0.48 {LM723C  0.60 [SL6t1C 235 |  pojystyrene CD4013 067 C04029 117 04516 140
2N2905  0.37 | 2N4920  0.90 [ AF116 0.65 | pC238 0.12 | BF180 0.45 | LM733 0.88 |SL612C 2.35 capaciors oo R0k coi00Mos lcna s olios
2N2906A  0.38 | 2N4921 0.60 | AF117 0.85 | BC239 0.15 | BF181 0.45 | LM709CAN 0.40 |S1620C 3.50 pac QOLF CDADI5 1.01 CD403T 2,268 CD4S20 1.25
2N2906  0.28 | 2N4922  0.65 | AF118 0.65 | BC251 0.15 | BF182 0.45 | 8DIL 0.40 |si621c 350 | 10pF—1500p s D e et A
2N2906A 0.25 |2N4923 070 | AF124 0.65 | BC253 0.22 | BF183 0.45 | 14DIL 0.40 |S1623 5.75 2D4017 1.01 CD404T 0.83 -
2N2907 0.21 | 2N5190 0.70 | AF125 0.85 | BC257A 0.17 | BF184 0.35 | LM747 0.78 | SL640C 4.00 | 1500pF— ) i
2N2907A  0.22 | 2N5191 0.80 | AF126 0.65 } BC268A 0.17 | BF185 0.35 | LM748 0.44 | st641C 4,00 0.01uF
2N2924 0.5 | 2N5192  1.00 | AF127 0.65 [ 8C2598  0.18 | BF194 0.12 | 8oiL 0.44 | SN76003N 2.36 T0p
2N2926  0.13 |2N5195  1.10 | AF139 0.69 | BC261A  0.21 | BF195 0.11 | 14DIL 0.41 |SN7BOTIN 1.50 | . o
2N3053  0.25 |2N5245  0.29 | AF186 0.50 | BC262B  0.19 | BF196 0.13 | LM7805P  1.39 | SN76023N 1.85 OOpF—
2N3054 0.50 | 2N5294 0.35 | AF200 0.70 | BC263C 0.24 | BF197 0.14 | LM7812P 1.39 | SN76033N 2.50 0.01mF Veroboard
2N3056  0.66 !2N5295  0.40 | AF239 0.74 ! BC300 0.45 | BF198 0.5 | (7815  1.39 I sT2 0.20 20p - —
01 015 01 0.5
£p £p £p £p
2.6x3%in 3 29 22 17
’ 2.5x5in a4 40— 19
MARSHALL'S REDUCTIONS FOR TTL 4 % -
3%x5in 49 sa 32 32
. . . . , I%x17n 173 144 100 1.92
TTL Integrated Circuits — Quality & Prices you can’t beat PINSX36 33 33
SN74174  1.06 x200 147 1.9
SN74175  0.94
SN7400  0.16 | sN7a12 0.25 | sn7438  0.35 | sn7454 0.6 | SN7483  0.92 sn74100 1.5 | sn74153  0.73| SN74176  0.86 IVRADEIANDIREVAICISUBPLIED
SN7401 0.16 | SN7413  0.25 | 5N7440  0.16 [ SN7460  0.16 | SN7484  0.85| SN74107 030 | SN74164 1.28 | SN74180  1.23
SN7402  0.16 | SN7416  0.43 | 5N7441 0.76 | SN7470  0.32 | SN7485  1.25| 5N74118  0.90 | SN74165 1.20 | SN74181 258
SN7403  0.16 | SN7417 043 | 5N7442  0.55 | SN7472  0.26 | SN7486  0.29| SN74119  1.80 | SN74157  0.88 | SN74190 1.33
SN7404 0.18 | SN7420 0.16 | 5N7445 0.94 | SN7473 0.30 [ SN7490 043 | SN74121  0.34 | SN74160 1.20 | SN74191  1.33 Potentiometers
SN7405  0.98 | SN7423  0.26 | 5N7446  0.86 | SN7474  0.30 [ SN7491  0.68 | SN74122 0.45 | SN74161  1.20 | SN74192 1.13
SN7406  0.51 | SN7425  0.27 | 5N7447  0.81 | SN7475  0.40 | SN7492  0.43 | SN74123  0.40 | SN74162 1.20 | SN74193 113 Linear or Log
SN7407  0.18 | SN7427  0.26 | SN7448  0.81 | SN7476  0.36 [ SN7493  0.43 | 5N74141  0.72 | 5N74163  1.20 | SN74196  0.81 .
SN7408 0.18 | SN7430 0.16 | SN7450 0.85 | SN7480 0.45 | SN7494 0.74 | SN74145 0.74 | SN74164 0.93 | SN74197 081 Single Double
SN7409 0.18 | SN7432 0.27 | SN7451 0.16 | SN7481 1.10 | SN7495 0.59 | SN74150 1.20 | SN74165 ©.93 | SN74198  2.04 Rotary Pots 25p 75p
SN7410 0.18 | 5N7437 0.35 | SN7453 0.16 | SN7482 0.87 | SN7496 0.78 | SN74151  0.77 1 SN74167 3.70 | SN74199  2.04 Rotary Switched  55p =

Sliders 45p 75p

FULL RANGE OF CAPACITORS
STOCKED. SEE CATALOGUE FOR
DETAILS.

DIN PLUGS — 14p EACH JACK PLUGS & SOCKETS Presets Horizontal or Ventical
%4 mono plastic plugs 15p 01w 8p 0.3W 10p
D'N CHASSIS SOCKETS — 10p EACH %'’ mono chrome plug 22p
3-pin, 4-pin, 5-pin 1807, 5-pin 240, 6-pin and speaker Ya' mono line socket 15p
Y%’ plastic switch socket 18p
LINE SOCKETS 14p each 14" stereo plastic plug 20p SEND FOR OUR NEW 160 PAGE
3 pin, 5 pin 180 and speaker Y'' stereo chrome plug ;gp CATALOGUE — CRAMMED WITH
f Ya'* stereo plastic line socket P NEW PRODUCTS, TECHNICAL
h h o M
VPeI'l:v? _N 1(3 P(!;]lr.!ges_(s'zrﬁ;« s(c(:glnzg;jH‘lsvp "(i'h?::rc\:j ?;epen " W stereo chrome line socket 35p INFORMATION AND ALL BACKED
P : . %' stereo plastic switched socket 2‘5)9 BY THE USUAL SUPERLATIVE
LINE PLUGS colours) — 10| 3.5mm plug 10p MARSHALL'S SERVICE — FOR
u {same ) P 3.5mm socket 10p ONLY 40p POST PAID OR 30p TO
PHONO CHASSIS SOCKETS: singe 7p.  3.5mmlne socket 10p PERSONAL CALLERS
Double 10p, 3-way 12p, 6-way 25p, 8-way 35p g-g’“’“ plug :8" PLEASE ADD VAT TO YOUR
w833 B ORDER. POSTAGE & PACKING

ALL PRODUCTS FULLY GUARANTEED TO MANUFACTURERS SPECIFICATIONS 30p.
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Mr. Ning receives his prize.

‘SCOUSER’ WINS THE DORAM
COMPETITION

The results of our ETI/Doram design
competition proved difficult to obtain
— the standard was too high! The out-
right winner, shown above with our
illustrious editor and his cheque for
£50 and £50 worth of Doram
vouchers, was a Mr. Garsing Ning from
Huyton Liverpool. His TV pattern
generator, shown below in the form
Doram will market it as a kit was

considered by the judges one of the
finest original design projects seen for
years.

Category  winners  were:
BEST AUDIO PROJECT

S.B. Furber of Cambridge — FUZZ
UNIT FOR A GUITAR.

BEST PHOTOGRAPHIC PROJECT
B.G. Greensides of Swansea — PHOTO
NEGATIVE ANALYSER.

BEST HOUSEHOLD PROJECT

D. Aylwin of Brighton -
FREEZALARM,

BEST CAR ELECTRONIC PROJECT
D.T.A. Jack of Bolton — WIND-
SCREEN "WASH-WIPE"” DEVICE.
BEST ELECTRONICS GAME/TOY
E.G. Cawkwell of Lincoln — “BEAT
THE ACE” SHOOTING GAME.
BEST PROJECT USING
INTEGRATED CIRCUITS

{. Humphries of Liss Forest,
Hampshire — SINGLE POINT TOUCH
ON/OFF SWITCH.

BEST “OTHERS” PROJECT

J. Bruere of Rochdale —
BLINDMAN'S TORCH.

CMOS UNITED

An American components company
has opened the way to CMOS breeding
at the two main CMOS logic families:
4000 and 74CO00 series. They are
making ail the devices pin for pin
compatible for any given function.

Inter-marriage of the two promises
to bring down pack count, and
combine special features indiginous to
both. For example the 74C series is
faster than the 4000, but has been
limited in scope up to now by the
small number of functions available.

SOFTLY SOFTLY 741

Motorola has introduced new ultra-low
noise versions of the MC1741 and
MC 1458 (dual) op-amp. Many users of
op-amps have trouble with ‘burst’
noise, and these new devices are
guaranteed to have less than 20u V
peak noise referred to the input.

Special tests are run to identify
burst noise. The devices are dis-
tinguished by the N suffix.

Motorola Ltd., York House, Empire
Way, Wembley, Middlesex.

WHEREFORE ART THOU
D3304A47

We get many queries here at ETI
concerning some weird and wonderful
devices. Someone building a 50,0001
Watt Stereo food mixer up in the wilds
of Inverness needs desperately a two
billion amp bridge rectifier or some-
thing. Can we help? Apart from
advising them to give up cooking and
take up map reading in Siberia, one of
the first things to do is consult the
D.A.T.A books.

These are a largely un-sung band of
paper heros, listing between their 16
volumes just about every
semiconductor and device any warped
designers mind has conjured forth
from the primal soup. They are
expensive, but if you need the inform-
ation its all here. Details from -
London Information Ltd., Index
House, Ascot, Berks SL5 7EU.

CBM SOFTSHOE SHUFFLE

After a moving around of some top
staff, CBM are ‘about to increase
calculator and watch activities in
Korea, Japan and Eaglescliff UK.

The long awaited CBM watch
range is finally set to put in an appear-
ance, and if all goes as it should,
we'll have details in next months News
Digest. There is some talk too of a
watch retailing at about £4.95,
although precise dates are still
obscured by clouds. The watch
modules are assembled in Korea and
Hong Kong.
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CATS RECEIVED

Chékits Ltd — We have the new
Chromasonic catalogue to hand now,
after it had suffered several set backs
in production. it is a nicely thought
out document, and contains, amongst
other things, a design for a “"Poor Mans
Digital Tuner”’! Very comprehensive,
and would make a good addition to
your component catalogue shelf.
(What'd yer mean yer aint got one?)
Price 35p from 56 Fortis Green Road,
London N10 3HN.

Doram, Edition 3 — What can we say?
Latest edition of the entirely com-
prehensive and superbly produced
Doram (R.S.} catalogue. |f what you
want isn‘t in here, you don‘t really
want it!

Price 60p from P.O. Box TRS,
Wellington Road Industrial Estate,
Wellington Bridge, Leeds LS12 2UF.

P.C.B.P.B.

A subminiature push button designed
for PCB usage has just been released
by Roxburgh Electronics. The 8531 is
only 1.1in x 0.375in diameter, and has
a contact rating of 1A at 120V AC or
28V DC (0.5A at 250V AC).
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LOGICAL FERROGRAPH DEVELOPMENT
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FERRQGRAPH

This new series of tape machines from
Ferrograph incorporate logic control
facilities.- Spooling speed control is
fitted, as are LED’s to show the user
what the machine thinks he wants it
to do.
Tape motion sensing and a

command memory are used in the
control circuit. Switching arrangement

allow for echo, 4 input mixing, track
transfer and source monitoring.

Several versions are being produced
as usual, power amps and/or speakers,
with or without Dolby. Prices will run
from £475 and gallop up to £615
ex. VAT. Wilmot Breedon, Durban
Road, South Bersted, Bognor Regis,
Sussex.
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For the fashion conscious five
colours of cap are available!
Roxburgh Electronics Ltd., 22

Winchelsea Road, Rye, Sussex.

BANDING TOGETHER

The Editor,

Electronics Today International,
36 Ebury Street,

London SW1W 0 LW,

Dear Sir,

We were most pleased to read the article “C.B. for Britain” in your July issue. The
Citizens’ Band Association is campaigning for the establishment of a VHF Citizens’ Band in
the UK and agrees with nearly all the points you make.

We have prepared a technical proposal for a VHF FM Citizens’ Band which is being sent
to the Home Office for discussion and contains a number of proposals to ensure that a
British Citizens’ Band suffers from few of the disadvantages of the American one. These

proposals include:

1. Modulation shall be FM which avoids many problems of TVI, BCI and audio

equipment break-in.

2. Each transceiver should contain an automatic identifying signal which is transmitted
every time the transmit key is depressed. This means that anyone misusing Citizens’ Band

can easily be identified.

3. Transmission time should be limited to 75 seconds to prevent channels being

monopolised.

Apart from the above, and a,few purely technical proposals concerning standards which
should be high enough to prevent interference to other services but not so unnecessarily
high as to price Citizens’ Band equipment out of the market, we believe that a British
Citizens’ Band should have a minimum of regulations.

Membership of the CBA is £1 .50 p.a. for individuals and £5 for clubs.

Yours faithfully,

James M. Bryant,
President, Citizens Band Association.
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- NEW TWIST (900) TO DISPLAY
SOCKET

A unique range of seven segment dis-
play sockets, specifically designed for
707, 727 and 747 type packages has
recently been announced by Jermyn
Manufacturing.
For each package type there are

socket assemblies providing three 900
mounting options.

SUMMIT NEW FROM JBL

The JBL stable have let loose a
‘domestic’ (housed trained?) version of
the 4333 studio monitor. Titled the
L300 Summit, the new box takes its
place at the head of JBL's line. Styling
is fairly conventional, apart from the
smoked giass top.

The box contains 3 drive units, two
of them naturally horn drivers. The
bass unit is a new design with a free air
resonance at 16Hz. Crossover frequen-
cies lie at 800Hz and 8k5Hz. One
‘nice’ feature is the ‘trouble JBL have
taken to make the enclosure as ‘dead’
as possible. One inch thick hardwoods
are used for the sides, and internal
bracing is present in all faces.

C.E. Hammond Ltd., 111 Chertsey
Road, Byfleet, Surrey KT14 7LA.

The right angle mounting versions
are useful where a slim line appearance
is required and obviate the need for a
motherboard to be mounted at 900
to the main equipment PCB.

Alternatively, the ‘side line’ vers-
ions can be used either horizontally
for mounting multi digit 707 or 727
format displays, or with the sockets
standing vertically thus allowing 707
or 747 displays to be side connected
into PCB’s.

Jermyn, Sevenoaks, Kent.

THE END OF THE AMP?

A British invention (three cheers!)
could well mark the end of the
amplifier as a circuit block. A new
device called a ‘voltage-to-current
transactor’ can do everything an
op-amp can — but better, Invented by
Professor Gosling and Carl Brinker,
the device contains no passive com-
ponents at all, and consists of a
network of transistors.

The advantages are that it inte-
grates smoothly rather than as a series
of steps, follows an input quicker and
with a wider dynamicrange, is smalier
in chip form and uses less external
components. A VCT can also double
as a transformer!

These ‘things from 2001’ will be
commercially available later this year
from Texas Instruments who now hold
all the patents. Prices will be no more
than those of present {outdated?)
op-amps.

THINGS THAT GO BRIGHT IN THE
NIGHT

Monsanto have announced a new
optoelectronic material with a 30 per
cent increase in minimum brightness
level.

The new material, designated MON-
MON-400, is gallium arsenide
phosphide on gallium arsenide subtrate
and has a minimum specified bright-
ness of 400 foot-Lamberts.

The specific advantages are claimed
to be the assurance of a higher level
of brightness, and reduced current
requirement for a given light output. It
is expected the new material will help
in applications such as digital watches,
which have demonstrated an increas-
ing need for better material definition.

Monsanto Europe SA, Avenue de
Tervuren, 270-272, Letter Box No. 1,
B-1150 Brussels, Belgium.

A SUCKER FOR A GOOD GROOVE!

Since its introduction the Groovac
record vaccuum cleaner has undergone
several changes. The latest is the
addition of a anti-static carbon fibre
brush, tracking just ahead of the
nozzle to loosen static attraction.
Great pains have now been
expended to make the unit ‘silent’,
suspension of the pump on springs

inside a small sealed enclosure, and
damping in the exhaust line.

Tracking force is also improved —
to 0.5gms, achieved by improving the
bearing and bias correction methods
to a considerable degree.

Price: £17.95 + 80p p and p
complete, from R.l. Audio, Kernick
Road, Penryn, Cornwall.




AUTOCLOCK
‘AUT-CK’
£17.85

The SINTEL Autoclock is a four-digit clock in an attractive mini white case
Features' large 0.5 red LED displays — High frequency quartz crystal
timebase — an internal backup battery supplies power if the car battery voltage
drops below nine volts when starting the engine, or if the clock is temporarily
disconnected — only high quality components are used, Piher resistors, roller
tinned fibreglass PC8's, etc. Full instructions included. Simple but
sophisticated circuitry gives you good performance at low cost. You benefit
from our experience in clock design

Complete kit less battery — Order as 'AUT-CK’ £17.85

S0Hz CRYSTAL TIMEBASE KIT: provides an extremely.
stable output of one pulse every 20msec. Uses. May be
added to all types of digital clocks to impréve accuracy. to
within a few seconds a month @ If used with battery back-up
also makes clocks por or switch-off proot @ i

50Mz signal on battery-powered equipment @ Providing film
synchronisation @ Monitoring or improving turntable speed.

Compiete kit. Order a3 "XTK’ £6.28
DIGITAL CLOCK KITS WITH CRYSTAL CONTROL & BATTERY BACK-UP.
S
2 D
ACK GCK

SO Ry,

These two kits incorporate our Crysial Timebase Kit (XTK), together with components for
battery back-up. All components. plus a PP3-type battery, {it neatly in the clock cases.
Accurate to within a few seconds a month. {f mains power is disconnected (through a power
cut, accidental switching off or moving clock) the clocks will still keep pertect time. While on
back-up, the displays are off to conserve battery life

ATTRACTIVE 6-DIGIT ALARM CLOCK: Uses Red 0.5 displays. Features bleep alarm,

Touch swilch’~ snooze control and automatic intensity control. Alarm remains fully
operational while clock is on back-up. Complete kit including case less mains cable and plug.
Order as “"ACK+XTK + BBK £33.58
Kit aiso available tess crystal conlmll and back-up Order as “ACK’ £26.80

MINI GREEN CLOCK. Attractuive 4-digit Mantelpiece Clock with bright 0.5"' Green display
Complete kit including case less mains cable and plug. Order as ‘GCK + XTK + GBBK''
£19.85

Kit also available less crystal control and back-up. Order as "GCK £12.80

Components from

SINTEL fOI' MEMORIES p— MPU,S — BODKS Leadfng Manufacturers on

miCroprocessors

Please: Microprocessors should only be bought by experienced constructors Sorry.
we cannot answer technical queries or supply data other than from our selection
below.

£17.67

IM6100CCDL £58.00 6820

8080A (24S) . £43.65 6850 £17.67

6800 . £33.87 8224 £9.76

ISPA/100 (SC/MP) £18.75 8228 £12.16

2650 £27.00 8251 £17.67
8255 €17.67

MICROPROCESSOR MANUFACTURERS ' DEVELOPMENT KITS
These include main IC’s, PCB, Manuals and Data

MEK6800D1 — with the 6800 MPU £137.00
ISP8K/200E — SC/MP Intro Kit £93.55
MCS-80 Kit C — with 8080A {no PC8) £176.65

BOOKS and Datasheets .. ...,

New 1976 RCA CMOS and Linear IC Combined Databook £4.95
New 1976 RCA "Power and Microwave’ Databook ::24.95
3.45

1976 National Semiconductor 7400 series TTL Databook, ¢. 200 pages
TTL Pin-Out Card Index. Set of cards with pin-outs (top and bottom views) of T.1 TTL

range and many other T 1. IC's o £2.95
Intel Memory Design Handbook, c. 280 pages £4.75
Intel 8080 Microcomputer Systems Users Manual, ¢. 220 pages £4.85
Motorola McMOS Databook (Vol. 5 Series A), c. 500 pages £2.77
Motorola M6800 Microprocessor Applications Manual, ¢ 650 pages £1245
Motorola M6800 Programming Manual, ¢. 200 pages £6.85
Motorola Booklet introducing Microprocessors £1.50
2650 Microprocessor Manual 220 pp £24.50
DATASHEETS on Microprocessors: (usually Xerox Copies)

intersil IM6100 12 bit CMOS £0.75 RCA CDP1802 8 bit CMOS £0.35
National SC/MP 8 bit, Low cost £0.75 Zilog Z80 (8080 with more instructions)
Signetics 2650 8 bit, Low cost . £0.75 £0.75

MEMORY IC’s

Intel 2102A-6 {new version of 2102-2) 16 pin IC. TTL compatible
+5V supply. 650nsec., 1024 x 1 bit Static NMOS RAM

Intel 2112-2 650nsec. 256 x 4 bit Static NMOS RAM

Intersil IM6508C CMOS 1024 x 1 bit Static RAM

Single
£3.35
£4.76
£8.05

CASES and other COMPONENTS

32.768 kHz Min. Watch Quartz Crystal £4.50. 5 12 MHz Crystal
8-way BOSS Switch: 8 ultra-min. toggle switches in 16-pin DIL
Miniature Transformers {Both fit in all Verocases below)

Clock transformer 6-0-6/300mA_ Order as 'LED-TRF £1.80
For SLTO1 12-0-12/100mA . 1.5-0-1.5/50mA. Order as '~ SL-TRF £1.80
VEROCASES. Neat cases with PCB guides. etc.. front and reer aluminium panels. We have pre-cut
perspex tor some cases. making them ideal for clocks or instruments For 7561247J PX-R-J-12 (Red)
28p, PX-G-J-12 {Green) 28p. For 7514104 PX-R-J-14 (Red) 30p, PX-G-J-14 (Green) 30p. For
751411D PX-R-D- 14 (Red) 40p. The cases are as used in our ACK & GCK

£3.60
£2.60

Dimensions are in mm
7514104 {205x140x40)
7514110 {205x140x75)

£1.72
£2.15

£2.64
£3.04

751237J (154x85x40)
7512380 (154x85x60)

We have many other Verocases and Vero products in stock see our Price List

We guarantee that 1elephane orders for goods in stock. received by 4 30 p.m. {Mon -Fri.) will be despatched the same day. First Class Post (Books by parcel

FAST s E R v I c E post) — and our stocking s good. Telephone orders. Private customers. quote Access or Barclaycard card no. (Min tel. order £5) Official orders, no
: imimum
cMos CD4033 1.45 CD4Q70 0.60 MC14552  8.05 Low COST lc SOCKETS
CD4034 1.98 D407t 0.22 IM650 8.05 .
CD4035 1.22 204072 0.22 S Soldercon Pins are the ideal low cost method of providing sockets for TTL CMOS,
CD4000 0.16 CD4036 3.18 CD4073 0.22 Displays. ICs. Simply cut off the lengths you need, solder into board and snap off the
CD4001 0.16 CD4037 0.99 CD4075 022 CLOCK CH";SB connecting carrier. A single purchase of Soldercon Pins gives you any socket you may
CD4002 0.16 CD4038 1.22 Cp4076 161 :;g:ggi 3-5(9’ need. and at low prices. 50p per strip of 100 pins, 1,000 for £4, 3,000 for £10.50.
CD4006 1.22 CD4039 3.09 cDa077 0.60 )
CD4007 017  CD4040 111 CDao78 022 MKS0250 508 /7
CD4008 0.95 CD4041 0.87 CD4081 0.22 - Dl SPLAYS These Jumbo LED displays teke no| more current than O types
€D4009 0.56 cD4042 0.87 CD4082 022 Al our Common Cathode (C.C) dlglrs can be used in place of any
D401 0.56 3 d other C.C. display (DL704. DI760. MAN23640. etc.) as they are all electrically identical (but may
godgl (1) 0.17 Egigia 3,3? Egiggg g';: ;U\T CABLE T Rove different pli)ny»;)uls). Simitarly our Common Anode digits may be used in piace of any other C.A
- DL707. DL747. RS/Doram 5| 9. etc)
CD4012 017  CDA045 145  CD40g9  1.61 Gt el '
C04012 058  CD4046 1.39  CDa093 ogg  Omfer  8.00
CD4014  1.05 CD4047 0.94  CD4094  1.94 e
CD4015 1.05 CD4048 0.58 CD409%5 1.09
CD4016 0.55 CD4049 0.55 CD4096 1.09 VEROCASES b
CcD4a017 0.99 CD4050 0.55 CD4097 3.87 .
cD4018 0.99 CD4051 0.97 CcD4099 1.90 7514104 2.64
cD4019 0.56 CD4052 0.97 CD4502 1.29 7514110 3.04 1
CD4020 1.16 CD40523 0.97 CD4510 1.41 751237J 1.72 1
CD4021 1.05 CD4054 1.20 CD4511 1.62 7512380 2.15 £
CD4022 1.00 CD4055 1.37 CD4514 2.85 751239K 2.78
gmogi g;z CD4056  1.37 CD4515  3.25 FNDS00 TIL321, TIL322 XANG52, XAN6S54 D500-6
D40 K CD4057 27.95 CD4516 1.41
EDL025) Oy C€D4059 S €D4518 130 s Part No Manutacturer Colour Type ze P
CD4026  1.79 CD4060 1.16  CD4520  1.30 UNDRY H T i 1 0:
FND500 Fairchild Red Common Cathode LED 05 £1.02
CD4027 055 CDa062 9.07  CD4527  1.64 i e Red Common Anode LED 0% i50
CD402B  0.89 CcD4063  1.14 CcD4a532  1.50 CA3130 114 TIL322 Texas Instr Red Common Cathode LED 05 €1.20
CD4029  1.16 CD4066  0.64  CD4555  0.94 uA741 0.35 XAN652 Xciton Sreen T E L o (3013
. : RCA 8 DIL] XANG54 Xciton raen ommaon Cathode 6" £1.75
ggig‘:? (2’!2'2 ggiggg g g; EADCI%ISASSGZ ?2: { ) MAN3M Monsanto Red Common Cathode LED 013 48p
a0 I Daces o022 MCiassa s2a 78L12WC  0.77 SLT0 Futebe Sreen Fhospher Qe oe £o80
- i - ! - 2 ) Display PCBs (cach fits neatly inta Verocase 761410J) All are tor multiplexed arrays. all are
sunable for FND500, TIL321. TIL322
ADD VAT st 8%. 25p P&P on all orders Price List sent PR ) LI 0 (2 GIEN e S

with orders or free on request Access and Barclaycard
welcome by post o phone Export orders very welcome. No
VAT but add 10% (Europe). 15% {Overseas) for Air Mait
P&P (For export postage rates on books contact us first)

Sales, PO Box 75a, Oxford
Tel: 0865 49791

Buy stwith \ces

SINTE

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1976

D500-8 (for counter, up to 8 digits)
QSING DISPLAYS WITH CMOS OR TTL? Send sae asking for free application note. SN1 whnD

gives simple circuits with component values.

SINTEL

Official Orders Welcomed. For our
complete range send for free catalogue
and price list.



years ahead of the
available to him. But did you know
that, back in 1822, he used his
““analytical engine” as the world’s
first computer typesetting machine?
It's improbable but true; when he
set out to compile log tables with his
“engine’’ he decided to sidestep
the expensive, error-prone and
time-consuming process of hand
typesetting by having his machine
impress tabulated results direct onto
moulds from which relief printing
plates were later cast. The world
had to wait 140 years until the early
1960s, before that link-up between
printers and computers was suc-
cessfully re-established.

Newspaper operations
more steps than ordinary commer-
cial printing, so in looking at them a
reasonable insight into other
printers’ operations can be gleaned.

Before we go into details, we’ll
review the traditional working
methods of the newspaper industry.
We'll take as an example your
morning paper. What happens
before it hits your doormat?

Let's trace a story on its journey
into print. Suppose a London editor
has decided to cover an important
afternoon political meeting in a
provincial town hundreds “of miles
from the capital, and has assigned a
reporter to attend it. The reporter.
writes up his story on the spot,
telephones London and dictates it
over the phone to a specialist typist.
The girl's typed sheets are sent up
to the editorial department, where a
team of journalists may rewrite the
story, ‘sub’ it, and decide on
headlines. It may be typed out
again. When the News Editor has
passed the story, the newly-typed
sheets, probably with lots of
handwritten alterations, are sent
down to the Composing Room
where it is assigned to operators
who work semi-automatic linecast-
ing machines. These highly-skilled
men type out the copy, producing

about three lines of lead type-siugs.

10

technology.

have:
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RRINHING

ETI REGULARS PROBABLY KNOW
Charles Babbage as the founding
father of present day computers.
You will probably know that his
ideas were more than a hundred

‘per minute.

to end each line, and whether and
where to hyphenate words. This
process is called Hyphenation and
Justification — “'H & J”
Meanwhile a different, and slower,
machine is casting the large type
slugs for the headlines.

After typesetting, a ‘galley’ proof
is pulled. A ‘reader’ checks the
proofs for errors, and if any are
spotted (there are usually several)
the faulty lines have to be replaced

by correct ones. Often, a half-dozen’

lines need resetting, even if there
was only, say. a single word omitted
in one line. When the amended
galley proof is passed, the slugs for
the story are transported to the
‘stone’. Here, working to a dummy
prepared by an editor, a craftsman
jiggles the stories together with
headlines and photo blocks into
their designated page positions
under the watchful eye of a
journalist who OKs each assembled
page. The metal pages are wheeled
off to another department (a tabloid
page of type may weigh 40Ib),
where the raised surfaces of the flat
typematter are converted to curved
metal duplicate plates using the
same principles as an ordinary
rubber stamp, which are clamped
onto the cylinders of the printing
press. The raised image surface of
the plate is inked by rollers, and
then as the press runs, the image is
transferred straight onto the moving
‘'web’ of paper from a reel
Newspapers come off the machine
folded and ready for dispatch.

Ambitious plans afoot in ‘the
Street’ could sweep away the
anachronistic components of this
process, along, unfortunately, with
many people’s jobs. Our old friend
the computer, aided by develop-
ments in lasers and digital trans-
mission techniques, is destined to
slew the newspaper industry away
from mechanical techniques and
toward electronic methods. Editors
are making their plans with the
long-term prospect of a 'paperless
newspaper’ at the back of their
minds.

It would be misleading in the

They work slowly’
"because they have to decide where

A Special
report by
Peter Davis

extreme to suggest that this is just
round the corner; it is very many
years in the future. Here, we shall
look at what the state-of-the-art can
offer to newspapermen right now.
Let's go back to our reporter on
the beat. We've all heard of those
briefcase-size portable data termin-
als insurance salesmen sometimes
take out on the road with them.
Well, something similar, called the
Teleram is in everyday use with the
New York Times. An NYT reporter
can go to events armed with the
Teleram, retire to a handy bar, and
type out the story on the Teleram’s
keyboard where it is recorded in
blocks on a Compact Cassette. He
can edit it using cursor controls in
conjunction with the midget CRT
display. When he’s happy with the

-final version, he moves over to a

callbox, dials up his newspaper's
data bank, and transmits the story
in digital form at 30 c.p.s., using
the Teleram’'s built-in modem and
acoustic coupler. Our man’s story
will join the day’s other stories on a
big disc store. His deskbound
colleagues, by the way, may have
typed in their stories on their very
own VDTs (the NYT has several
hundred) in the office. Wire agency
copy and pictures, instead of
coming in on a teleprinter or
Muirhead facsimile machine, are
received over wideband private
lines. Digitised pictures are stored
for later electronic cropping and
tone enhancement by the Picture
Editor, while the agency news is
sent in ten-second bursts containing
the entire newswire repertory at the
rate of several Megabits per second.
Classified ads will be resident in the
disc store, just as the tele-ad girls
typed them in.

Now the editorial team, instead
of using pencils and typewriters,
have at their disposal a database
little different from that you'd find
in a large-scale on-line DP setup,
except that it is probably resident on
a network of minis rather than a
mainframe. This scenario should
hint at the benefits you can get
when computers are applied to
editorial operations. The rest of this
article will focus, however, on
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computers in the production side of
publishing.

WHAT COMPUTERS DO FOR
PRINTERS

In printing, a computer
system replaces a collection of
isolated machines or manual opera-
tions each worked or overseen by
one man and each accomplishing
one narrow task.

The principal reason for using
computers is to increase efficiency
— and lower costs — by giving
computers the boring routine jobs
and leaving humans only with
creative decisions to make. But
computers offer an added incentive:
speed. And in the newspaper world,
faced with competition from the
electronic mass media, speed is
more vital than ever. To an editor,
this acceleration may mean he can
hold back his deadlines perhaps a
further half-hour before ‘putting the
paper to bed’. The book publisher,
in contrast, may get titles into print
within weeks rather than months.

In the near future, computers will
help save money by ‘driving” huge
newspaper presses, thereby cutting
down wastage of paper, and minis
are already very successfully
employed in newspaper ‘publishing
rooms’ (dispatch areas).

In the area of type composition,
the computer has a lot of calcula-
tions to do. The snags arise in part
from the awkward nature of printed
type characters. Not only may
individual letters be anything from
one twelfth of an inch to 3%z inches
high, but their relative widths vary
too. They differ not only between
different typefaces of the same size
(e.g. condensed vs. bold) but also
between letters of the same type-
face. On a proportional-space
typewriter like the IBM 'Executive’,
a letter may be either ¥, 2, or 3
units wide. But printed typefaces,
for the sake of elegance, are usually
designed on an 18-unit system.
That is, the widest character of the
alphabet, usually the capital 'M’, is
18 units wide, while the narrowest,
‘i or 'I’, may be only four or 5 units
wide. So far, so good. But as you'll
have noticed, printed matter is
usually set in columns so that both
the left and right margins align; this
is known as justified setting. On
mechanical linecasters, justification
is easily achieved by driving wedges
(‘'spacebands’) between words so
they fill out the full length or
‘measure’ of the line.

With computer-assisted typeset-
ting the situation is not so simple
and the software needed to produce
justification and appropriate

hyphenation, although in
continuous development since the
first attempts back in 1961, has
only become really good enough for
top-class work over the last few
years. A main memory size of 8K
Bytes is the minimum which will
allow reasonably good hyphenation
and justification (H & J).

What happens during H&J is, in
grossly oversimplified form, as
follows.

The computer is told what
typefaces, in which sizes, are to be
used. The computer also needs to
know the length of printed lines,
and then it is ready to go into
action. It works out how much
width each character is allocated in
these circumstances, looking up the
information from disc or RAM
memory. As characters are read in
to a buffer store, the computer tots
up a running total of width units
used so far. When the running total
is almost equal to the permitted line
length, the computer looks ahead to
see if it can squeeze in another word
onto the line. if not, it attempts to
hyphenate this next word according
to logic rules (based on word
structure in Britain, or pronuncia-

tion in the States) in software. It

may also look up an ‘exception
dictionary’ of up to 20,000 words
on disc file to see whether this is a
special case which must not be
hyphenated according to the normal
rules. Two common clangers are the
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words ‘therapist’ and ‘arsenic’.
Think about it!

When an acceptable point foi
breaking the line is found, the
computer subtracts the width value
of all the letters read so far — but
ignoring the spaces — takes this
sum away from the allotted line
length, divides the remainder by the
number of inter-word spaces, and
uses the quotient to determine the
width of spacing to be placed
between each word in that particu-
lar line. If the CPU is built into a
photo-typesetting unit, it will
instruct the machine to expose the
characters as soon as it has
completed H & J on each line.
Otherwise, if, for example, the
computer is tucked away inside an
editing terminal, it will merely
output the characters onto paper
tape, floppy disc or magnetic
cassette with a ‘Carriage Return’ to
mark the breakpoint at the end of
each line, leaving the photo unit’'s
onboard computer to work out the
spaces between words again when
the text is eventually typeset. This,
then, is the basic H & J program. in
modern typesetting systems, how-
ever, the computer does much more
than just H&J, as we shall see. In
the next section, we're looking at a
series of devices or systems for the
composition of type, starting with
simpler machines and working up to
a typical state-of-the-art newspaper
system.
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THE A-M COMP/SET 550: a
pint-sized composing room

The £7500 A-M Comp/Set 550 is a
direct-entry phototypesetting
machine with built-in VDU, aimed
at small in-house and commercial
printers (see photo). The 550 is
built round a custom ‘Amtrol’
computer at whose heart is an intel
8080 microprocessor. This
machine uses its computer to
control the mechanics of the
typesetting process and to perform
justification calculations. The photo

unit works by having a xenon flash "

tube ‘freeze’ characters carried as
negatives on a rotating plastic
type-master disc, which holds a
total of 448 characters — enough
for four different typefaces. The
image is magnified by a zoom lens
assembly to the intended size (any
one of 33), then projected accura-
tely into position on photographic
bromide paper by means of a
moving mirror. Width information
for each character is garnered from
optical bar codes arranged on the
periphery of the disc. An optional
paper tape pubch/reader module
(soon to be suppilanted by a floppy
disc) allows the 550's VDu to be
employed as an editing screen for
updating and modifying previous-
ly-punched ASSII tapes, and one of
- the features which makes the
machine extra-productive is the
‘search’ facility which allows it to
locate and indicate specified
sequences of letters punched on the
paper tape.

System software is kept on ROM,
and although it’s pretty sophisticat-
ed, if you want hyphens when
justifying you have to insert them
manually from the keyboard. On the
top two lines of the VDU display
various status indicators appear,
relating to line length, type style in
use, etc., and the keyboard is
locked until all these parameters
have been entered. in the middie of
the screen the operator sees the line
that is currently being set in the
photo unit (at 9 characters/second),
and lower down on the display
appears the line the operator is
actually typing-in. The quality of the
typographic output is astonishingly
good and the unit is quite versatile.
For example, it possesses consider-
able virtue when it comes to setting
tabular work -— usually a real
headache for printers — and when
finicky layouts have to be followed
with meticulous care.

GOING ON THE SCALE: a

medium-size composition sys-
tem
This compact setup — it could fit

12

'VDU, the Varicomposer;

comfortably in your living room —
has a vast throughput potential. It
could typeset a paperback book or a
local newspaper in two hours,
aithough the humans doing the
paste-up would be gasping for
breath! Whereas the A-M 650

combines input, editing and type- .

setting operations in the one unit,
here there are three major build-
ing-blocks: input, which comes
through an Optical Character Re-
cognition (OCR) reader; copy mani-
pulation, which is the job of the
and out-
put of the text, which is performed
by a Pacesetter phototypesetter.

At one end typed sheets pro-
duced on fairly ordinary typewriters
go in, and at the business end
columns of latent type image
emerge from the Pacesetter, go
through a developing unit, and are
then made up into pages by a
paste-up artist who sticks the

columns down onto layout sheets in -

the positions where they are to
appear in the finished product.

WHY USE OCR?
OCR can help printers because it
allows the banishment of anachron-
istic paper tape and lets them use
£400 typewriters in place of £1500
perforating keyboards for entering
copy. The medium — typed paper
— is of course easily read by
humans, in marked contrast to
paper or mag tape. Someday, most
copy for printing may be provided
by publishers in the form of
OCR-legible typed sheets, allowing
appreciable savings in time and
money to be realised because
printers won't need to type it all out
again. The OCR reader in this
system is the American-made Com-
pugraphic UniScan. Unlike earlier
OCRs, it isn't too fussy about what
kind of paper is dumped into its
stack feeder. You may be agreeably
surprised to see from the samples
reproduced here that OCR
typewriter faces don't look at all like
‘computer writing’. Gobbling copy
at the prodigious rate of 10,000

words per minute, the UniScan is
quick enough to keep over 200
stenographers slaving over hot
typewriters all day long! After
scanning and recognition, the
UniScan outputs the information as
ASCIi codes on-line to a floppy disc
drive on the Varicomposer.

This is Courier 12,

the U.S. standard OCR
typeface for syndic-
ated newspaper copy.

In Europe there's no
such standard, but
this OCR-B face is
widely used in the UK.

NOT JUST A FLOPPY DISC!

The Varicomposer is a super-intelli-
gent VDU or ‘front-end’ for merg-
ing, correcting, ordering, editing
and formatting copy before it is
actually set. In this particular
system it also performs all H & J
tasks, using an impeccable program
to this end. To serve as grey matter
it has a fast Varisystems-designed
8-bit TTL computer with 32K Bytes
of MOS RAM backed by a further
300K Bytes of program or data
store on each of two Shugart floppy
disc drives. It uses TTL instead of a
(cheaper) microprocessor because
current-generation MPUs are far too
slow for this demanding applica-
tion, as in many others in typeset-
ting. The Varicomposer is multipro-
grammed to perform up to four tasks
simultaneously. While accepting
unjustified input from its own
keyboard in foreground mode, it
may be reading information from
the on-line OCR machine, typing
out a rough proof on a 55 c.p.s.
daisy-wheel printer and punching
out a paper tape in background
mode.

Software — except for a boot-
strap loader — is kept on reserved
tracks of a floppy disc and loaded
into RAM at the start of each
working day. In case that sounds a
bit onerous to anyone used to
loading programs with paper tape, |
hasten to reassure you that this
takes just 8 seconds from floppy
disc. .
So it looks very nice. But what
can it do? Its purpose is to present
flawless information to the typeset-
ter so that a perfect type image is
obtained first time round, as well as
to manipulate text while it's in
digital form rather than waiting to
carve up typematter on bromide
paper after the photo unit has set it,
as you'd otherwise need to do. In its
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editing mode, the Varicomposer's
70 function command keys include
buttons for ‘line kill’, ‘insert’ and
‘word delete’ as well as other
functions which make a Data
Processing VDU look like a Model T
Ford in comparison. Any mistakes
spotted on the original typed sheets
are best corrected here. The opera-
tor has the relevant typed sheets
before him and can find the
offending character string by strik-
ing a ‘search’ key, or if, say, a word
has been consistently misspeit
throughout an article, a ‘search and
alter’ routine can replace each
incorrect entry with the right
spelling of the word.

Both floppy discs are exploited
when a ‘sort and merge’ subroutine
is run: for example, classified ads
entered at random can be arranged
automatically in alphabetical order,
reading the originals off the first
disc and writing them back onto the
second. And just in case Varisys-
tems’ software doesn’t do all you
want it to, you can acquire an

Assembler for a cool £2k and write’

your own, as software expert Mike
Barnes is doing in the picture.

Efficient editing capabilities are
essential for the smooth running of
any but the very most basic
typesetting system, and the Vari-
composer neatly fits the bill. Just a
few years ago, you'd have had to
pay for a £50,000 minicomputer
system to get comparable facilities.
And since the Varicomposer is
software-oriented, this product is
not immutably cast in a mould when
it leaves the factory; its character
always remains amenable to radical
change just by slotting-in a fresh
floppy disc.

THE BUSINESS END
The  Photon-Dymo
actually sets the type. It is a
versatile electro-mechanical photo-
setter, containing a dedicated 16K

byte TTL computer, which exposes

letters in much the same way as the
A-M 550. Apart from being just an
output machine, the Pacesetter
differs from the 550 in that it works
almost ten times faster, can mix up
to 16 (as opposed to four) typestyles
on-line, gives even better image
quality and costs four times as
much.

A STATE-OF-THE-ART
NEWSPAPER COMPOSITION
SYSTEM

We're into big money here: this
composition system would cost
something in the area of a half-mil-
lion pounds. A similar system,
which will doubtless differ in parts
from the one described here, is to

Pacesetter

go live at London's Daily Mirror
some time in 1977. It will be
compositors, not journalists with
VDTs, who type in the copy.
Journalists are notoriously lousy
one-finger typists and could put too
many bodges into the system; and
editorial VDTs are anyway rather a

mixed blessing for the men who.

have to use them. Another reason
for avoiding direct input from
journalists is the human relations
aspect. If all Fleet Street papers
were to use direct editorial entry of
copy, the majority of London’s

such as the typesetters and Page
View Terminals. The ’Linoscreen’'
editing terminals incorporate micro-
processors so that they call on the
host computer only when request-
ing or despatching blocks of copy.
Since the breakdown of any
component must not halt all work,
everything appears in duplicate.
The system is -amenable_to last-
minute changes to the copy and can
cope with up to, say, five editions
during the course of an evening.
And it eliminates as much hand-
work as the state-of-the-art permits.

VARI -

\\CNQK:"’« w,;%%}@@,g%» g %I;m” 5
% L S ops
2a A F %

&

TO PASTE-UP

COMPOSER

UNISCAN on line on line

OcH »| SUPER
1VOU INC

+ ONBOARO
TTL CPTR

FLOPPY
0IscS

10,000 WPM

QUME OAISY-
WHEEL
PRINTER

2000 newspaper ‘comps’ might
become redundant — with precious
little prospect of finding alternative
employment in printing — and both
sides of the industry prudently
regard the human costs and the
major disruption that this would
cause as outweighing the potential
benefits of such a change.

The system, designed by Lino-
type-Paul in London, takes the form
of a ‘distributed intelligence’
network. It is staked out around a
host minicomputer (@ Prime 100)
while dedicated processors control
VDTs and other system components
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— AND
PACESETTER A:;:)STS N
PHOTO UNIT PHOTO

PROCESSOR

CAMERAS
L —— ) FOR

— 600 WPM SFT OF EMAKING
o0 PAPER PER PLATEMA
MINUTE
INPUT
Most text is input via 90-key

justifying keyboards with the same
key arrangement as the old
mechanical Linecasters had. As he
types in the copy, each operator has
to decide for himself, without any
help from the computer, how and
where to end the lines. He can
check the accuracy of what he's just
typed on a marching ‘Self-Scan’
display. This type of keyboard is
used instead of one where the
computer does all the hard work
because it makes the job a more
interesting one, since the ‘comp’
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EGTRON

has to be actively involved all the
time.

Headlines may be entered either
from the justifying keyboards or on
the ‘Linoscreen’ editing terminals.
Linoscreens are configured in clus-
ters, with four ‘slaves’ sharing the
(microprocessor-endowed) intelli-
gence of each 'master’ terminal,
and they are used both for correct-
ing text, and for entering “difficult’
copy such as tabular information or
text for display ads, where many
stored ‘formats’ will be needed.
On-line to the host computer, each
Linoscreen has very similar capabi-
lites to those of the stand-alone
Varicomposer; but of course the
Linoscreens can dip into that
60Megabyte disc for extra program
or data information.

ILLUSTRATIONS

Pictorial copy has to be rephoto-
graphed onto 2'%in slides before it
can be accepted by the Graphic
input Scanner (GIS), which can
store up to 5000 pictures on-line.
The GIS digitises illustrations so
that they can be reproduced on the
face of the CRT inside the typeset-
ter. The object of the exercise is to
further reduce hand-work, but again
the use of a GIS could lead to the
closure of an entire section — the
process department — in a
newspaper works. It is attractive to
managements because it means
fewer craftsmen need be employed,
but is anathema to the unions for
precisely the same reason; evidently
the skills of the negotiators acting
for both sides are going to be
stretched to the limit while they
strive for a settlement.

THE PAGE VIEW TERMINAL
(PVT)

The PVT displays a detailed simula-
tion of a tabloid newspaper page,
full size, and allows the layout to be
modified interactively. Thus it
makes possible the total elimination
of the paste-up stage in production.
Each PVT comprises a Tektronix
4014 storage-tube terminal and
associated display processor on-line
to a dedicated 32K word Prime
700. Optional extras include a
hard-copy printer and a graphics
tablet. A daily newspaper group
might well need a dozen or so PVTs
{at $50,000 each) to cope with a
total of perhaps 200 pages every
day. Don’t forget that some pages
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NEBRINTING

of a ‘daily’ may go through up to
five editions during the night, each
calling for fresh plates to be made.

The PVT's input is ‘clean’ text

and headlines which have already
been through H & J. When starting
on a page, the operator first calls up
the text for whichever story is to
appear on the top left-hand side of
the page; he knows which story is to
go there because it is marked on a
paper ‘dummy’’ already sent down
to him by an editor. Now, shunting
the text with a special cursor
control, he 'picks up’ the story and
puts it in place. If it won't fit in the
space allocated on the dummy, he
can get it re-set in a different type
size, or in shorter or longer lines.
The text management computer will
do this and almost immediately the
story will come back onto the screen
in its new format.

Once satisfied with this first
story, the operator jigsaws the
others into position in the same
way, until he has filled the page.
When the finished page has been
approved, it is written onto disc to
join the queue of other pages
awaiting typesetting.

THE TYPESETTER

The Linotron 606 is among the
world’'s  fastest typesetting
machines, operating at speeds of up
to 3000 single-column lines per
minute. Digital information
concerning the shape of all type
characters (on a matrix of not the
familiar 5 x 7, but perhaps 200 x
200 dots) is held on disc and

transferred to RAM when required.
The Linotron’s onboard computer
reads a made-up page off the
60Mbyte disc as a set of specifica-
tions which say where each line is to
go, together with information (in
ASCll or TTS code) about the actual
letters or words which have to be

typeset. It reads ‘raw’ digitised
information only on character for-
mation and on illustration content.

The Linotron ‘paints’ the char-

acters and/or illustrations on a
‘window’ as wide as the printed
page, at a typical resolution of 650
scanned lines per vertical inch. But

only one column — including the
entire width of its associated
headlines and illustrations — is set

at a time. The image on the face of
the CRT is projected through a lens'
system and onto roll-fed photogra-
phic paper or film. When the first
column has been exposed, the
photographic emulsion is wound
back up again to its starting position
and the next column is set, and so
on until the page is done. The
exposed film is automatically fed
into an on-line photographic pro-
cessor which develops and dries it.
The page positives thus derived are
used as masters for making printing
plates.

DESTINATION 2000

Some day, the chances are that
most of the copy which is now
printed on paper will be sent from
computer data banks to TV screens
in the home, or better still, to
pocket-size terminals with (liquid
crystal?) screens. In this very
long-term perspective, we can see
that computer useage in print is still
in its infancy. '
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Semiconductors from

LYNX ELECTRONICS

PLEASE—JUST

ONE COPY OF

EN NOV 1975
—FAST!

IF HED TAKEN OUT

A SUBSCRIPTION HE
WOULDNT NEED HELP!

Qur sales have gone up by 34% in the past
year or so. but still some people are having
trouble getting hold of ETI. If you're not sure
of getting your’'s easily why not take out a
subscription? Twelve 1ssues dropped through
your door every month by the friendly
neighbourhood postman

To ensure a regular flow of our amazing
articles, pulsating projects and nubile news
just fill in the coupon below. We will do the
rest!
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BC143 0.23 80136 0.39 87109 1.00 0A5 0.50° 2N2102 044

BC144 0.30 80137 0.40 BT116 1.00 0AQ0 008  2N2369  0.14

BC147 0.09° 80138 0.48 BU105 1.800  0A91 008  2N2369A 0.14

BC148 0.09° 0139 0.58 BU106/02 1.99-  OC4) 015  2N2484  0.16

BC149 0.09° 0181 0.36 BU126 1800  0C42 015  2N2646  0.80

BC152 0.25° 80182 0.92 BU204 1600  OC44 012  2N2905 0.8

BC153 0.18° 80183 0.97 8U208 2.60° 0c4s 0.10  2N2905A  0.22

BC167 0.09" 80232 0.80° BY206 018 oc7o 0.10  2N2926R  0.10°

BC158 0.09" 80233 0.48° 8207 o200 0T 0.10  2N29260 0.09°

P. & P. 20p per order — overseas 80p. Matching 20p per pair
VAT 8% except for items which are 12%%. No VAT on overseas
Higham Mead, Chesham, Bucks
Telephone (02405) 75154 . Telex 837571
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ELECTRONIC GAMES ARE VERY
popular today and we have published
quite a few which vary in complexity
from simple switch logic games, like
the Family Ferry, to very complex
ones. We have had many requests for
an electronic dice and several designs
have been submitted by readers.
However, all the circuits, submitted
had a common failing. This was that,
although they operated correctly, the
distribution of numbers was not
random. That is, if a few hundred
‘rolls’ were made it would be found
that, for example, sixes ocurred far
more frequently than they should do.
In most cases this was due to the fact
that currents in the logic modulated
‘the power supply thus causing bias In
‘the dice.

Bias. We had the same problem in our
dice initially, even though CMOS lagic
was used. It had been intended to
design dice which roll fast when the
button is pressed, roll slowly when the
button is released (for more realism)
and then stop to display the result.
We designed a system to this specifica-
tion but found that it too was biased.
The cause was current variations due
to the differing number of LEDs being
switched on and off during the slow
roll. The resulting modulation of the
power supply causes instability of the
oscillator and also acceptable vari-
ations in the delay circuitry. This
would have been cured but by increas-
ing the complexity of the unit. It was
decided instead to delete the slow roll
feature and to blank the display during
the fast roll. The resulting circuit has
been thoroughly checked for random-
ness and is found to have no bias.
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this problem.

| k|l 241
it

With the CMOS logic used the
power consumption is so low that a
power switch is not required. The
circuit is activated simply by pressing

the rolt button. The roll result is
displayed and after about seven
seconds the display will switch off
automatically. The current drawn
from the battery in the off state was
measured and found to be 600 nano-
amps! And of that 500 nanoamps was
due to leakage in the capacitor across
the battery.

CONSTRUCTION _
The CMOS devices used in this project
should be handled with care as they
may easily be damaged by static elect-
ricity. They should be the last compo-
nents to be installed on the printed
circuit board they should be left in the
protective foam until installation and
they should be handled as little as
possible.

Begin assembly of the board by
fitting the links (we regret that there
are so many but it was unavoidable on
a one-sided PCB) then resistors and
other low-height components and
then finally the.1C’s. Drili holes in the
front panel for the LEDs and for the
push button. The cathode terminal of
the type of LED specified is marked
by a small flat on the body flange and
the cathode lead is also slightly
shorter. Cut the leads of the LED so
that they are 5—7mm long leaving the
cathode just a little shorter so that it
may be identified easily after install-
ation. Mount the LEDs and position
them-so that the anode lead points
towards the centre of the box
(between the two dice groups) and

There are some simple electronic dice circuits
around but they generally display non-random
results. Here is a project which overcomes

OUBLE DICE

HOW IT WORKS ETI 241

The logic for each of the dice is basically
a decade counter connected so that it
divides by six. The output from the
decade counter is decoded to drive the
LEDs which are arranged in dice
format. To make the decade counter
(IC5, 4518) divide by six, the ‘B’ and ‘C’
outputs are taken to a two-input HAND
gate and then through a second NAND
gate to the reset te rminal of the decade
counter. When the ‘B’ and ‘C’ outputs
first both go to ‘I’ (decimal count six)
the reset terminal goes high which
resets the counter outputs to ‘000’ thus
removing the high to the rest terminal.
Thus as a result at the reset terminal of
the decade counter a pulse about 100
nanoseconds wide is generated. This
pulse from the first dice is used to clock
the second one. The decoding of the
output from the decade counter is
performed by ICs 2/3, 3/3 and 3/4
together with some associated resistors
and transistors the truth table of which
is shown in Table 2.

The power required by the LEDs is
more than can be supplied by the CMOS
and the transistors are therefore
required to buffer the outputs as well as
forming part of the decoding process.
Transistors Q3 and Q5 (Q6 and Q9 for
dice 2) act as logic gates for decoding.

The counters are clocked by an
oscillator constructed from ICs 2/1 and
2/2. The output from the oscillator,
about 8 kHz, can be gated on and off by
a control input as follows. The push
button controls a flip-flop, constructed
from the gates IC1/1 and IC1/. The
purpose of this flipflop is to remove any
contact bounce from the operation of
the push button. The flip-flop switches
the oscillator on when the push button
is pressed, removes the +6 volts from
the LEDs, and charges C3 via D1. When
the button is released the oscillator
stops, the capacitor C3 slowly dis-
charges via R3, and the output of iIC1/4
switches on Q! thus supplying power to
LEDs 1 and 6. Power is supplied to the
other LEDs by the switch. The LEDs
now indicate the outputs of the decade
counters. After about seven seconds the
output o IC1/3 goes low which resets
the decade counters. In addition the
transistor Q1 is turned off. Power to the
rest of the LEDs is left on but as the
counters are reset to zero (to decimal
count zero or display count ‘1’) all LEDs
will be off.
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Parts List

Resistors

R1 ™ “W 6%
R2 10k 5 2
R3 1M @ "
R4-R10 10k " "
R11-R14 330 chms " ”
R15, 16 10k " '
R17-R20 330 ochms " '
R21, 22 10k " o
Capacitors

C1 10pF 25V electrolytic

c2 4n7 polyester

C3 10uF 25V electrolytic

Semiconductors
D1 1N914 or similar

Q1,2,46,8 ZTX500 or BC178
Q3,5,7,9 BC108 or similar
IC1 —4 4011 {CMOS)

IC5 4518 or 4520
LED.1-14  THL 209 with clip

Miscellaneous

PB1 Push button SPDT
ETI 241 PC board

14 pc board pins

Front panel

2 battery holders

2 battery clips

4 batteries

wire them in accordance with the
component overlay/wiring diagram.
With the leads on the LEDs cut this
short they may be damaged when
soldering if precautions are not taken.
To prevent this use a pair of long-nose
pliers or similar as a heat sink on the
lead of the LED when soldering.
Before wiring the switch check

which terminal is common. Usually
this is the centre terminal but some-
times, as with the switch we used, it is
one of the outside terminals. When the
unit is completed a 'piece of foam
plastic should be used between the
rear of the LEDs and the PCB so that
there is no possibility of shorts
ocurring.

W ...

-t e P - -

TRARS
Cotl e LW

W

R P

Internal view of the unit
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Fig. 3. Component overlay and interconnection diagram.
TTLs by 7483 85p | 74194 130p | OP. AMPS TRANSIS- 8F178 30p | TIPA2C  88p | 2N4403  34p | RECTIFIZR BRS
TEXAS 7484 103p | 74195 96p | 301A Ext. Comp 8 pin DIL 40p | TORS BF194  13p | TIP2955 7@p | 2N6089 34p | BY100  31p | RECTIFIERS
7400 17p | 7485 130p | 74196 120p | 536T FETOp Amp 0 99 300p | AC125 20p | 8F195 11p | TP3055 e0p{ 2N5296 8Sp | BY126  18p | 1A 50V 2Bp
7401 18p | 7486 32p | 74197 120p | 709  Ext Comp 8/14 pin DIL 36p | AC126  18p |BF196  17p | TISO3  30p | 2N5401 62p | BY127  12p | 1A 100V 27p
7402 18p | 7489 281p | 74198 214p [ 741 int Comp 8/14 pin DIL 26p | AC127  18p | BF197  18p | ZTX108  11p| 2N6107 70p | 1N4OOT  8p | 1A 400V 31p
7403 18p | 7490 43p | 74199 220p | 747  Dual 741 14 pin DIL 70p AC128 16p | BF200 40p | 2¢300 16p [ 2N6247 175p | 1N4002 8p | 1A BOOV 37p
7404 25p | 7491 81p 748 Ext Comp 8/14 pin DIL a0p | AC176  18p |BF257  34p | ZIX500 19p {Comp to IN4004  7p | 24 50V 37p
7405 25p | 7492 a8p 776  Prog Op Amp 1099 160p | AC187  18p | BF258  39p | ZIX504  60p 2N3055) 1NDOS  7p | 24 100V
7406 45p | 7493 43p | CMOSICs . | 1458 Oual Op Amp 8 pwn DIL 70p | ACI1B7K 25p | BFR39  37p | 2N697  25p | 2N6254 130p | INAOG7  Bp | 2A 400V 58p
7407 39p | 7494 81p | 4000 18 | 3130 CMOS Op Amp 8 pin DIL 108p | AC188 18p | BFR&O  37p | 2N698  32p | 2N6292 70p 4A 100V 78p
7408 22p | 7495 70p | 4001 18p | 3900 Quad Op. Amp 14 oin DIL 80p | ACI88K 28p | BRR79  37p | 2N706  22p | 40360  43p | ZENER 6A 50V 78p
7409 22p | 7496 84p | 4002 19p AD149  46p | BFRBO  37p | 2N708  22p | 40361  43p | 271033V 64 100V 78p
7410 18p | 7497 281p | 4006 120p |LINEAR I.C.s AD161 39p | BFREE 37p | 2N918  43p | 40362 48p | 400mwW  11p | 6A 200V B4p
7411 26p | 74100 118p | 4007 19p |CA302BA Dff Cascade Amp T099 112p| AD162  39p | 830  32p | 2N930  19p | 40410 8Bp | W 22p | 6a 400v 90p
7412 27p | 74104 60p | 4008 67p |CA3046 S Tmnsistor Array 14pnDIL 78p| AF115  20p | BFxB4  30p | 2N1131  20p | 40409  6Bp
7413 38p | 74105 eop | 4011 19p |CA3048 4 LoNoise Amp 16pnDIL 280p | AF1186  20p | BFXBS  30p | 2NT132 20p | 40411 243p | VARICAP TRIACS
7414  80p | 74107 32p | 4012 19p |CA3053  Off Cascade Amp TO5/DIL 60p| AF117  20p | erxB6  30p | 2N1304 40p | 40594  88p | BB105  33p | Anp Vohs
7416 34p | 74110 8Bp | 4013 56p |CA30BIE FMIF System 16pn DIL 250p | AF139  43p | BFXB7  30p | 2N1305 40p | 40695  97p 3400 130p
7417 34p | 74118 80p | 4015 90p | CA3080AQ FM Sterec Decoder al 500p | Af239 48p | erxs8  30p | 2N1306 A43p NOISE § 400 162p
7420 18p | 74121 32p | 4016 S4p |ICLBOIBCC VOO Fun Gen 16pn DIL 370p| BCIO7/8 10p | BFYSO  18p | 2N1613  27p | FETs 25J 140p 6 500 194p
7421  43p | 74122 82p | 4017 110p |LM3BON  2WAudio Amp. 14pn OIL 116p| BCI0B/B 10p | BFYSY 18p | 2N1711 27p | BF244 - 36p 10 400 200p
7422 24p | 74123 73p | 4018 2a7p |LM3BIN  Swreo Pre Amp MpnDIL 178p| 8C109/C 11p | BFY52  18p | 2N1893  32p | MPF102 40p | puac 10 500 270p
7423  40p | 74126 75p | 4020 140p |M252 Rhythm Generator 16 pin DIL 1000p | pC147 9p | BRY39  asp | 22219 28p | MPF103  40p | BR100  30p | 15400 310p
7425 33p | 74132 7Bp | 4022 180p [MC1310P FM Stereo Decoder 14pnOIL  190p | 8C148 9p | BSX19  20p | 2N2222 28p | MPF104  40p 15 500 340p
7427 40p | 74136 81p | 4023 19p |MC13S1P Lm/Det Aud Pre amp 104p| B8C149  10p | BSX20  20p | 2N2369 18p | MPF105  40p 40430  108p
7428 3%p | 74141 80p | 4024 100p |MFCA0008 %W Audio Amp PCB 759] BC1S7  11p [ BUIOS 178p | 2N2aB4  32p | 2N3BI9 27p 40669 108p
7430  18p | 74145 78p | 4025 18p |MFC6040 Electronic Attenuator 180p| eCiss  13p | BUIOB  312p | 2N2904/A28p | 2N3820  50p
7432 30p | 74148 173p | 4026 200p |NESAOL  Aud Pwr Driver T05 180p| BC159  13p | MUE330  48p | 2N2905/A28p | 2N3823  S4p
7437 32p | 74150 158p | 4027 B1p [NESSSV  Tmer, 8pnDIL  40p| gC169C 15p | MJ2955 120p | 2N2906 28p | 2NS457  40p
7438 32p | 74151 77p | 4028 152p [NESS6  Dual 555 14pnOIL  98p| BC171 12p | MIE2955120p | 2N2026RE 9p | 2NS458  40p G2ZF 12000
7440 18p | 74153 92p | 4029 130p [NESGIB  PLLwith AM Demod 425p( BC172  12p | MUE3D55 80p | 2N29260G11p | 2NS459  40p et
7441  78p | 74154 184p | 4030 59p [NES62B P with VCO 16pnDIL 390p| 8C173  13p | MPSAO6 40p | 2n3053 19p [ 3N128 90p 2
7442 75p | 74155 9ep | 4042 150p |NES6S — PLL 14pnDIL 200p| BC177  20p | MPSA12 62p | 2N3054 B4p [ 3N140  92p announc
7443 116p | 74156 9ep | 4043 218p |NES66YV P Fun Gen 8pnOIL  200p| BC178  17p | MPSUOE 78p | 2n3055 sap | 3N141  90p
7444 118p | 74160 116p | 4046 150p [NESE7V  PLL Tone Decoder 8pnDIL  200p| BC179  20p | MPSUS6 88p | 2N3442 1B1p | 40603 €3p
7445 90p | 74161 116p | 4047 110p | 2567 Ouwl 567 16pn DIL 400p| pCI182  12p | OC28 75p | 2N3702 1ap | 20673 €3p
7446 90p | 74162 116p | 4049 €8p |SN72710 D Comparator 14pn DL 54p| pC1g3  12p | OC35 75p | 2N3703  14p | s SCR THYRISTORS
7447  81p | 74163 116p | 4050 50p |SN72733 Video Amp 14pn DIL 150p] BCi84  14p | OC7) 25p | 2n3704  14p | Tisa3 aop | 1A 50V TOS a3p
7448  85p | 74164 130p | 4054 130p | SN76003N Aud Pwe Amp with int HS 275p( 8Ci87  32p | TP29A  BOp | 2N3705 14p | 2N2160 9Sp | 1A 100V TOS 45p
7451  18p | 74166 136p | 4055 140p | SN76013N Aud Pwr Amp with int HS 175p| BC212 14p | TIP29C  62p | 2N3706  12p | 2N2646 4Sp 1A 400V TOS 50p
7453  18p | 74174 131p] 4056 145p | SN76023N Aud Pwr Amp with int HS 175p| BC213 12p | TIP30A  60p | 2N3708 12p | 2n4871  40p 34 400V STUD s1p
7454 18p | 74175 92p | 4060 130p |SN76033N Aud Pwr Amp with int HS 275p| BC214  17p | TPIOC  72p | 2N3709  12p 7A 400V TOS + HS 97p
7460 20p | 74176 131p | 4069 30p |TAAB21A  Aud Amp for TV o8 270p| gBCA78 32p | TP31A  S6p | 2N3707  14p | PWIT 8A 50V Plastic 142p
7470 32p | 74177 120p | 4071 28p |TAAB61B  FM/IF Amp. Lim/Det 150p| BC547  12p | TIP31C  88p | 2N3773 270p | 2N6027 60p | 12A 400V Plastic 173p
7472 30p | 74180 120p | 4072 28p |TBAGA1B  Audo Amp. at 300p| BCSS7  12p | TP32A  63p | 2N3866 90p 164 100V Plastic 180p
7473 34p | 74181 322p | 4081  19p |TBABOO  SWAudio Amp k. 100p| *BCY70  20p | TIP32C  85p | 2N3904 22p | DIODES 16A 400V Piastic 198p
7474 36p | 74182 B89p | 4082 29p [TBABIO  7WAudio Amp. o8 125p| BCY71 24p | IP33A  97p | 2N3905 25p | SIGNAL 16A 60OV Piastic 238p
7475 asp | 74185 148p | 4510 142p |TBAB20  2WAudio Amp an 100p| 80124 120p | TWP33C  120p | 2N3906 22p | OA81 16p
7476  34p | 74190 186p | 4511 200p | TDA2020 20 Audio Amp QL 37%p| 80131  39p | TIP34A 124p | 2N4058 18p | 0ASS 15p | ET108 1A 700V STUD 130p
7480 54p | 74191 166p | 4516 140p | XR2240  Prog Timer/Counter 400p| 80132  43p | TIP34C  180p | 2N4060 19p  OASO 7P | €108D 4A 400V Plastc 83p
7481 103p | 74192 130p | 4518 108p |ZN414  TRF Radio Recewver 140p) 80135  54p | TIPASA 243p | 24123 22p [ OA9) 9 | MCR101 %A 15V T092 27p
7482  15p | 74193 130p | 4528 130p SooraTe ECTRONICS BD136 55p | TIP35C 290p | 2N4124  22p | OASS 9p | 2nM3528 5A 400V TO66 97p
PHOTO.TRANSISTORS NEoS BD139  80p | TP36A 297p | 2M4125 22p | 0A200 8p | 2N4444 BA 600V Plastc  200p
10,
VOLTAGE REGULATORS ocP70 33p TIL209 Red 16p| BD14O0  67p [ TIPIEC 360p | 2N4126  22p QA202 p | 2M8060 0.8A 30V TO92  36p
Fixad-Plastic 3 Terminals ocP7 120p TH211 Green 32p| BFTIS  24p | TPAJA  70p | 24371 142p | ING14 4p | 2M5062 0.8A 100V TO92 40p
1Amp +ve —ve 2N5777 a3p TIC 32 Infrared  B1p| BF167  25p [ TIPAIC  81p | 2N4348 173p | INOTE 1P | 2nS064 0.84 200vTO92  43p
sV 7805 150p 7905 2185p | LDRs 02" BF173  27p | TIPA2A  76p | 2N4401  34p [ IN4I48  4p
12v 7812 150p 7912 21sp| oRP12 [ Aed 18 i
15V 7812 150p 7915 215p| ORPEO 722 Groen 20p| VAT INCLUSIVE PRICES. Add 20p P&P — no other extras
18V 7818 150p 7918 215p| ORPE1 75p Yellow 32
2av 7824  150p 7924 216p| seven szcmeur DISPLAVS ?1 MAIL ORDER ONLY
mgggx 5v 5 Amp 103 150p| 3g15F oL707 160p | mi :
K 5V Amp  TO3 75
TBAG258 12V 0 5A Tos  1oen| oL "o" LRAY 2509
VARIABLE DRIVERS
723 14pm DIL asp| 75491 8ap 75492 104p |,
LOW PROFILE DIL SKTS BY TEXAS ;nssmonv as0 R
8 pin 13p 16 pin 15p 13 Character Generator 50p
14 pin 13p 24 pin sap| 2112 RA M a50p 54 Sandhurst Road, London NW9
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MICROPHONE SPECIFICATIONS
tend to be masterpieces of obscurity.

The beginner faced with buying a
microphone has to reconcile
conflicting requirements between the
equipment he already has, the
recordings he wants to make, and the
amount of money he can afford to
pay. The literature he gets from
manufacturers may or may not be very
helpful.

Microphones react
sounds coming from different
directions. The most important
direction, of course, is from the
front. The directional response can be
considered as a comparison between
this front or ‘on-axis’ response and all
other directions.

A polar plot or polar diagram, three
of which are shown in Fig. 1, is aline
joining all those points around the
microphone which give the same
output for a given sound level. In
other words, if you were to move a
sound all around the omnidirectional
microphone shown at the top of Fig. 1
you would get the same output from
the microphone without having to
move closer to it. On the other hand,
if you were to move a sound round the
figure of eight microphone there
would be no response from the
microphone at the sides at right angles
to its axis but the response would
increase again towards the back.

differently to

PRESSURE TRANSDUCER

The directional characteristics of the
microphone depend on its
construction. If, as in Fig. 2, the rear
of the diaphragm is totally enclosed
apart from an atmospheric pressure
equalisation tube, then the diaphragm
will react only to rapid changes in air
pressure. If the diaphragm is not so big
as to interfere with the sound waves it
will respond to sound from any
direction since these

pressure can approach from any

20

changes in

direction. Thus it is a
transducer.

Another kind of operation is pressure
gradient operation. The diaphragm
(Fig. 3) is exposed on both sides. A
sound wave coming from direction A
strikes the front of the diaphragm first
and then travels round to the back. In
doing so it will have to move distance
x, the path difference between front
and back. In this tinle the pressure
at the front of the diaphragm will have
altered according to the pressure
pattern of the incoming wave. If the
wavelength of the sound is long
compared with x (Fig. 4) the pressure
change which occurs while the wave
travels distance x will not be great. In
the limit, when the sound pressure is
constant, there will be no difference
along the path length x at all. At low
frequencies x will be small compared

pressure

Fan
N

Omnidirectional response.

Bidirectional or figure of eight.

///E

Fig. 2. Pressure operation. Diaphragm D re
acts only to rapid pressure changes, which
may come from any direction. A is a small
aperture to avoid permanent diaphragm
deflexions, E is the enclosure.

|~ DIAPHRAGM

D

O — x

Fig. 3. Pressure gradient operation.
Distance x is the path difference between
the front and the back of the diaphragm.

with the wavelength and it can be
assumed that P; to P, is a linear
portion of the pressure curve, so that
P, — P, genuinely represents the
pressure gradient. Here the force on
the diaphragm is proportional to
frequency, and this is roughly true
until the distance is a quarter of the
wavelength of the sound.
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CARDIOID PATTERNS

The pressure gradient microphone
will only respond to sounds from
the front. Sounds from position
C in Fig. 3 will have no effect on the
diaphragm since pressures on either
side of it are equal. Sounds from D
will have the same effect as those from
A but will be phase reversed since they
move the diaphragm in the opposite
sense, so that although the
microphone would give the same
voltage output at B as at A, the output
at A would be +V and the voltage at B
would be —V. It is for this reason that
if the omnidirectional and figure of
eight characteristic are combined — as
they can be by connecting an
omnidirectional microphone element
to a figure of eight element — then the
responses of the two characteristics
add at the front and subtract at the
back, giving the cardioid characteristic

PATH LENGTH FROM ONE SIDE OF
DIAPHRAGM TO THE OTHER

P1
P2

/\/ "y
NS\

Fig. 4. Pressure gradient and frequency.
As the wave travels distance x its
amplitude (i.e. the pressure) changes and
the diaphragm senses this differential.

HAND MICROPHONES

The omnidirectional microphone is
best for use as a hand microphone.
There is less handling noise and the
user need not be on axis for the
microphone to give full output..The
omnidirectional microphone, is also
less prone to a phenomenon known as
‘proximity effect’, which.means that
as the microphone gets nearer to the
source of a sound it exaggerates the
bass response. On the other hand an
omnidirectional microphone is not
easily used in public address work
because it may pick up the sound from
an audience loudspeaker and
re-amplify it, causing howl-round or
feedback. This is best eliminated

by using a cardioid, which does
not respond to sounds coming
from behind it and will not be so
affected by auditorium loudspeakers.
Often auditorium loudspeakers are
placed in front of the performers and
have their own directional pattern
which prevents their output reaching
the stage microphones.

POPPING

Another problem is breath popping,
which occurs when a performer sends
a puff of hot steamy air into the
internal organs of a microphone.
Omnidirectional microphones are less
sensitive to this kind of thing and
cardioids can be protected from it by
windshields. A ribbon might not
recover. If a windshield is used on a
cardioid with a port or aperture in the
body of the microphone, as in the
AKG series, the ports should be
windshielded too.

The figure of eight combination
overcomes disadvantages inherent in
the omnidirectional and cardioid
designs. The omnidirectional, while it
has many advantages, responds to
echoes and reverberations in a room as
well as the direct sound. The cardioid
responds, in general, to the direct
sound, which is why it tends to be
used in situations where an audience is
présent and it can therefore reduce the
coughs, chair scrapes and, if you're
unlucky, snoring that may occur pn
such occasions. On the other hand the
cardioid tends to produce a very dry
sound, particularly if used too close,
and recordings made this way can
often be said to need some
reverberation. The figure of eight is a
perfect compromise, on many
occasions, introducing just the right
amount of reverberation and keeping
off unwanted noise.

REFLECTIONS

Figure 5§ shows the common
situation when recording. In Figure
S the microphone receives a
direct sound from the instrument as
well as numerous indirect sounds

reflected from walls, floor and ceiling.
For a variety of reasons in a concert
hall these tend to be predominantly
sounds reflected from the side of the
hall. The cardioid will tend to diminish
its response to sounds as they come
from a direction nearer the back of the
microphone. So it will respond better
to sounds at A than sounds at C, and B
will be almost as well heard as the
direct sound. The B reflection has
much less far to go than those from
the ceiling, which is why speakers
sitting at tables can be difficult to
record.

The omnidirectional microphone will
record all these reflections faithfully
and the trumpet will sound very
distant indeed. A figure of eight will
tend to record those sounds from the
rear wall as well as the direct sound.

The ratio of indirect sound can also
be varied by giving the direct sound a
shorter path to the microphone.

This approach should be used if an
omni has to be used, but as we shall
see later, it is not suitable for ribbons.

TRANSDUCERS

The transducer is the element which
converts the mechanical movements of
the diaphragm into electrical signals.
Three types of transducer are used to
get these various response in quality
microphone: the moving coil, which is
suited to an omnidirectional response
but can be modified to give a cardioid
response, the ribbon, which is far more
suited to figure of eight operation than
other responses, and the capacitor,
condenser or electrostatic microphone.

Both moving coil and ribbon
microphones work on the same
principle — that when a conductor
moves in a magnetic field an electrical
signal is induced in the conductor. The
size of the signal depends on the rate
at which the conductor moves across
the field.

MOVING COIL

In Fig. 6 the moving coil is attached
to a diaphragm, and when sound waves
hit the diaphragm the coil moves and
gives a signal across its ends. The same

Fig. 5. If the mike is too far away the
indirect sounds (echoes) drown the direct
sounds.

Al
DIRECT SOUND

Moving the mike closer in alters the
direct/indirect sound ratio.

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1976

23




SHECTING
MICROPHONES

happens in the ribbon microphone..

The moving coil is more widely used
in studios and on stage than any other.
It is robust, gives a good output level,
has a good transient response and
frequency response, and is reliable and
inexpensive. It is best suited to
omnidirectional work and can become
rather complicated if used as a
cardioid. Even as an omni the response
becomes less omnidirectional at high
frequencies because the case interferes
and this has to be compensated for by
making the microphone smaller —
though as it gets smaller the output
decreases.

The impedance of the moving coil
microphone is low, between 20 and 30
ohms. Also, compared with the output
of the lower quality crystal and
ceramic types of microphones, the
output is low, so a transformer may be
needed to step up both impedance and
output voltage for the input of the
tape recorder, amplifier or mixer.
Often the transformer is built into the
case of the microphone and can be
fitted with a number of secondary
tappings, so that the microphone can
be matched into a variety of
impedances.

RIBBON

Figure of eight operation is usually
achieved with a ribbon microphone.
Much of the foregoing remarks about
the need for a transformer apply here
as they do with the moving coil
microphone, except that the ribbon

L—

Oiaphragm holds the moving
¢coil plunging in the

magnetic gap ’///
Damping é
Housing é

7
Moving coll %

UMM,

TS

Duter pole plale‘
(pot or ring pole)

Inner pole plate (pole shoe core) % R

Magnet o N

To amplitier

Fig. 6. Transducer principle of the moving-coil microphone.

microphone has a far lower impedance
and output than the moving coil
microphone. The impedance might be
as low as an ohm and a transformer is
always needed, particularly since a
ribbon microphone with a wide
frequency response is likely to give a
very low output. The ribbon
microphone is an excellent choice for
stereo, where two arranged may give
excellent results for recording an
orchestra.

Note that if two microphones are to
be wused for recording stereo the
off-axis response is very important.
Since they will not be pointed directly
at the orchestra they need to
reproduce high frequencies at an angle
to the front of the microphone. Most
manufacturers of repute give some
idea of the off-axis response of a
microphone by publishing a polar
diagram plotted at various frequencies.
Orchestral recording is ideal for the
ribbon microphone, since it is very
prone to ‘proximity effect’, and
should never be used near to loud
bassy instruments. It is also very
delicate and cannot be used outside,

Another way to get a highly directianal response: the parabolic
reflector. The refiector on the JVC TL-E71 gives a 15 dB gain at
5kHaz.
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where a gust of wind !rnay damage it
permanently. It shbuld never be used
held in the hand, since it is more prone
to handling noise, than any other
microphone. It may/ have a large stray
magnetic field,y so a ribbon
microphone should be kept away from
recording tapes.

Ribbon microphones can also be
used to make small studios less dead
without including reflections,
particularly those from tables. A
bi-directional microphone can be used
for two persons speaking, one either
side, and for drama it is very useful for
an actor to be able to step 90° round
the microphone to ‘disappear’ from
the scene. For more speakers, as in a
discussion, it is better to use an
upward facing cardioid, which will,
again, cut out those unwanted table
reflections and paper shuffling sounds
without making the discussion sound
as though it is being held in a room
lined with cotton wool or at night in
the centre of the Simpson desert.
Broadcasting studios often have a well
in the middle of the table for placing
such a microphone in and another
advantage of this is that it tends to
lower the microphone’s prominence in
the minds of those having to speak
into it, particularly if they are not
experienced broadcasters. Note that a
ribbon microphone should be used at
mouth level in such circumstances.

CAPACITOR

The capacitor microphone can be
arranged to have any of the three polar
patterns and even any in between. It
works on the principle that if the
charge on a paralle! plate capacitor is
kept constant the voltage across the
plates is proportional to the distance
between the plates. One plate is kept
fixed and the other is flexible and
responds to sound, so that the sound
varies the voltage across the plates, and
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gives an audio output signal. The
charge on the plates is kept constant
by polarising the plates via a large
resistor, see Fig. 11, and the audio
voltage is extracted via an isolating
capacitor. The microphone has a
flexible plate on either side of the
fixed plate so that two outputs are
obtained which can be added,
subtracted or mixed in varying degrees
to obtain various polar patterns.

Capacitor microphones undoubtedly
exhibit the best frequency response,
and can be flat up to 15 kHz or so,
with a —3 dB point as high as 18 kHz
or higher. In addition they have very
high output level, can be very small
and, as we have seen, can give various
polar patterns.

The problem with a capacitor
microphone is that its source is a small
capacitance, which gives a very high
value of source impedance at audio
frequencies. Any signal source with a

IMPEDANCE AND MATCHING

The next problem is that you have to
match the microphone output to your
amp or tape recorder input. There are
two rules here: the output impedance
should be a half or a third the input
impedance of the device into which it
is feeding, and the sensitivity of the
microphone should be two to four
times the maximum input sensitivity
of the device into which it is feeding.
This gives enough input from the
microphone to avoid too low a signal,
which would increase noise, and it also
means that there will not be so much
output from the microphone that the
input to the recorder is overloaded.

The Revox A77, for instance, quotes
an input sensitivity of 0.15 mV at 6
kilohms. First, you're looking for a
microphone with a maximum output
impedance of around 2 k. Next you
want an output from the microphone

Diaphragm
and the perforated l

counter-eleetrou

with small spaging
tahout 002 mm" torm
a capacitor

/ A ///Q

ifetal housing

Insulation

To e rnphane
Fhectranns

Transducer principle of the capacitor microphone.

high source impedance may suffer
from stray fields picl.ed up by the
cable connecting it to its amplifier and
from a deterioration in frequency
response along the cable. Thus a buffer
amplifier has to be built close to the
-microphone cable. This pneans that the
amplifier has to be powered but, on
the other hand, the output can be as
high as the amplifier designer requires.

All this means that for a capacitor
microphone you may need an external
power supply and an internal
impedance convertor. Sometimes the
diaphragm is made of metal-flashed
plastic, which can distend in heat, such
as found under television lighting.
Even if the capacitor polarising voltage
is supplied by an electret — a
permanently polarised crystal — a
battery is still needed to power the
buffer amplifier because the electret
cannot supply any current. The
electret may be an uncertain proposi-
tion and perhaps susceptible to heat
and moisture. Even an externally
powered capacitor microphone is
susceptible to an increase in noise in
humid conditions.

MAGNET
POLES

CORRUGATED
ALUMINIUM
RIBBON

Ribbon microphone.

of between 0.3 and 0.6 mV. This
means that the sensitivity will be
between —70dB and —64 dB. The
reference is 1V /microbar, or
10V/N/m2._ Note that if the voltage is
doubled the sensitivity increases by
6 dB. If the reference is 1 mW into
600 ohms the reference is 0.776 V and
1 mW into 1 kohm gives 1 V.

The self generated noise in the
microphone varies with its source
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Some capacitor microphones have a

flexible plate either side of a fixed plate.

Each single diaphragm gives a cardioid
response so that if the two outputs are added,
the results is omnidirectional, and if
subtracted is bi-directional or each cardioid
can be used alone.

N

impedance, and the lower this is the
better from the noise point of view. At
any rate the noise should be between
20 and 30dB measured to DIN
standard 45405, or defined as between
0.2 and 0.3 Veff.

The dynamic range of a microphone
is a measure of its ability to record the
softest and the loudest sounds equally
well. At the top end it will begin to
distort once the sound reaches a
certain loudness and the level at which
the microphone distorts by, say, one
per cent can be taken as the reference
level. At the quiet end the microphone
may give an output which is barely
above its own noise level. The dynamic
range should be between 120 and
130 dB. It should be noted that this
quantity isn‘t all that significant since
the limitations of the input amplifier
are more likely to be dominant — if
the microphone gives out more than
TmV/dyne/cm2 the output will be
0.1 V at a sound level of 114 dB or so,
which can occur, and the amplifier is
likely to distort. @

The Sennheiser MKH 815 h
condenser microphone. This
device combines the inter- |
ference and pressure gradient

principles to give smooth ‘
frequency response and high
directionality. The length is
550 mm but the performance * ,
makes it ideal for out-of-shot ™~
use in film and TV. The graph
shows the polar response at
six frequencies.




MICROPROCESSORS

SC/MP Introkit (from 1 Aug. '76) £62.50
ME680 Kit .......... £95.00
Mostek F8 Kit . . . . . S £135.00
SC/MP TTY Kit (See Electronics Tomorrow, Sept.

76 £88.00
MM2112 256 x 4 RAM £4.30
2513 u/c ASCII ROM £9.00
Data only on MPUs, Kits 75p

GET HUNG UP!

Our new range of clock kits is based on designs
hundreds of years old. These clock kits use wood,
stone and iron to reproduce authentic ‘olde
worlde’” wall clocks in full detail. The kits contain all
you need including glue, screws, etc.; and very
comprehensive instructions. This range comple-
ments our fully electronic clock kits

GLOCK MODULES

MAT002F (12 hr) or MATO02H (24 hr) with Alarm
and Clk/Rad features

PRICES (All inclusive) KIT BUILT
Gothic Clock Kit—Diam. 6% £23.95 £36.50
Rotating Dial Kit—Diam. 6" £19.95 £32.50
Wrought-iron Kit—Diam. 5%" £46.35 £69.50
Wooden Wheel Kit—Diam. 6" £31.50 £45.25
Knight Clock Kit—Diam. 7%" £39.50 £62.45
Oak Foliot Kit—Diam. 14" £89.50 £125.00

(As illustrated)

For coloured Brochure please send 15p stamps.
Completed clocks can be seen at our offices.
*Use special offer coupon in August ETI to save

Module only £7.95
MTX1001 Transformer £0.90
Vero Case £3.00
Mod + Tfmr + Case £11.57 15%
Comolete Kit £13.00

END OF SUMMER OFFERS!!

Now that the long hot summer is ending why not stock up for those long Winter nights with Bywood's Special Offers! Buy at low prices
before the rush!

) ) T Size Common Each 4 di di
Our MHI clock kits on special offer include clock chip + skt, ype ips An/Cath Pkge dig 10dig
i i DL747E and t PCBs.
driver chip, 4 or 6 and two S DL701E 3 A R GRED A
Order Code 4 Digit 6 Digit DL704E 3 C £0.60 £2.00 £4.50
SO-5309 Rest 10 zero £11.50 £13.25 DL707E .3 A £0.60 £2.00 £4.50
S0-5314 Basic Clock £10.00  £11.75 BLATE 8 A £1.50 £2.50 £6.00
DL728E 5 C £1.50 £2.50 .0
S0-50253 Alarm, snooze £12.50 £14.25 E000
DL747E 6 A £0.90 £3.50 £8.00
SO ot Gy (sl el £17.00 DL746E 6 A £0.90 £3.50 £8.00
S0-50395 6 dec counter £23.50 £25.00 DL750E 6 © £0.90 £3.50 £8.00
S0-50396 HHMMSS Counter £23.50 £25.00
MM5314, skt, CA3081
S0-50396 HHMMSS Counter £23.50 £25.00 BASIG KIT 4x DL747E, Instr.
Order Code SO-Mini
S0O-7001 Cal, Alm, etc. £14.00 £15.75 £7'50
MHI—Case can be ordered with any of the above for £2.50
EVALUATION vms312 sk casosi, pes
4XDL747E, 2x DL707E 4
KIT £I I 00 Order code SO-Eval /
L]
, 7
SPECIAL OFFER TERMS: /r
All offers subject to availability of components. All orders must / Q\Q
include corner coupon, closing date on offers 31 Oct 76. Payment /
CWO, cheque, Barclay or Access cards, pro-forma invoices will /
include a 50p surcharge. All prices exclude Vat @ 8% Many other offers / ~
for callers only /7 é 04’\..
- o
at our offices // «Q é‘oe
. v
Mon-Fri // é' & oeiv,\«
[9)
, A
BYWOOD ELECTRONICS 9.00-5.00 /7 QQ‘ Q.OQ@QQ:’Q?
68 Ebberns Road / Q (,« oQ oé\o
Hemel Hempstead / Ko 00 OQ‘
Herts HP3 9QRC / Q o‘v'V‘O'
Tel. 0442 62757 Q OOQ@ AP
: | PO
/7 Q o
7 2
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2 METER
PO R AMPLIFIE

Complete Kit to build this 40 watt powr amplifier

Most components are now available for this project, Price Only £23.10. Components also available separately

including set of 3 P.C.B.s, £7.00; 2513, £9.18; 2112, £4.25; [
Min. Toggle Sw., 52p; Mains Sw., 68p; Min. push-to-make, ) Many other components specified for ETl projects are also
34p; complete kit, £57. Send SAE for detailed price list. § available from stock.

TELETEXT DECODER, DIGITAL FREQUENCY METERS AND
AMATEUR RADIO AERIALS also available 2

(See inside cover August issue for full details)
Send S.A.E. for full price list or 30p plus large 11p PLEASE COMMUNICATIONS HOUSE
S A.E. for your copy of our Data Catalogue. All DEPT. .
prices include VAT at current rates. Please note NOTE NEW 650 20 WALLINGTON SQUARE
our minimum U.K. post and packing charge, except i

where indicated, is 20p. EXPORT ORDERS W:UDI{INH WALLINGTON, SURREY, SM6 8RG
welcomed — write for export price list. . Tel: 01-669 6700 (9 a.m. to 8 p.m., 1 p.m. Sat.)

CONTINUOUS DISPLAY LGD WATCHES

UNIQUE ALTERNATING DISPLAY FEATURE

The watch continuously displays HRS. and MINS. with MONTH, DAY and SECONDS on demand. The owner
selects the feature where the HRS. and MINS. or MONTH and DAY display alternatively for 2 second intervals
until owner resets to normal display. During the alternating cycle seconds are still available on demand.

e e e e e el e e o o e e e e e el et o . A e e oo ol o oo e o o o A e o o oo o oo g

**Finest American MOS technology Watch

. h
“*Quartz accuracy. despatched

with matching Gold

**Multi-function: .
. plated bracelet, in
Hrs., Mins., Month, Day, Seconds. presentation box

Alternating display Back-light. ; : :
Programmed 28, 30, 31 day months. g(;gl]det lgitéuglt;::
A M./P.M. indication for ease of antee. Model 1113-10

***datg setting is also available in a
i el DI ey stainless-steel brace-

manufacturing and servicing let.
facilities.

To: Leetronic, Lee Instrumentation Ltd., Newport, Gwent NP1 8YZ
£34 -50 . Print — FREEPOST — no stamp required
Please forward {qty) model a each TOTAL £
INCL. V.A.T. & P&P. i

| enclose

Name . . . S - . . cheque

Address . . . L postal order

Signed . .

Watch Division, Lee Instrumentation Ltd. I
Bedwas, Newport, Gwent NP1 8YZ [ |

Barclaycard/Access no._____

TEL. (0222) 885756-7-8. TELEX: 497084
Reg. No. 639437. VAT Reg. No. 133 8154 80

Ban nowith Access

o . C S . a .. .money order l
tea
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IT IS QUITE REMARKABLE how a
development in one field triggers off
advances in others. In fact if often
happens that an improvement in a
particular product actually demands
advances in related areas in order
fully to exploit the original break-
through.

IC’s have developed to the stage
where complex data logging sys-
tems can be fabricated on a single
printed circuit board, yet until fairly
recently the production of a hard-
copy printout to accompany the
miniaturised electronics meant the
use of mechanically complicated
printers. Such printers involved
numerous moving parts .which
needed maintenance and lubrica-
tion, messy ink ribbons or rollers, or
the use of pressure-sensitive paper,
which has poor handling qualities.
Drum-type printers went part way
towards simplifying printer
mechanisms, and these are still very
popular, but have the disadvantage
that they are not normally alpha-
numeric.

A truly microcircuit-compatible
printer needs to be mechanically
simple, have low power drain, and
be alp..anumeric. Silent operation
and fade-free printout with high
tolerance to handling, and the
absence of ink, are further desirable
features. Thermal printers fulfit
these requirements admirably, and
promise to be the accepted standard
for the future.

Thermal printers form characters
by the application of heat to
heat-sensitive paper. The characters
are constructed from a dot matrix
which may be of any number of
elements from 5 x 4 to 9 x 7 or
greater. Micro-miniature solid-state
heaters are fabricated into a matrix
of the requisite size, the character
being formed by applying power to
the ""dot’’ positions as appropriate.

A typical thermal head is shown
in Fig. 1.

Typically, the heat-sensitive
paper changes from white to dark
blue at around 80° centigrade. The
solid state heaters achieve a tem-

* Managing Director, Spectronics Limited,
Poole.
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HERMAL
PRINTING

BY ARTHUR E. CRUMP*

0] O MICRO-MINIATURE
] SOLID STATE HEATERS
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Fig. 1. A typical thermal printing head.
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Fig. 2. The thermal matrix head is normally mounted on a moving carrier.
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‘Fig. 3. A fater development of the thermal print head is the in-/inq type.
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perature of over 200°C in 5-10'mS.

The thermal matrix head is
normally mounted on a moving
carrier, as shown in Fig. 2, and a
pressure-bar keeps the head in
pressure-contact with the paper to
ensure adequate thermal conduc-
tion.

The result is a silent printer
having very few moving parts and
providing a stable printout. The
heat sensitive paper produces a
clean and clear printout which does
not fade with time or when exposed
to light. Certain types of thermal
paper are also pressure-sensitive
but these papers mark very easily
when handled so the non pres-
sure-sensitive types are preferred.

A further advantage of the
thermal technique is that low
voltages are used for driving the
print head, 12 to 24V being typical,
so that the power supply for the
printer is compatible with that used
for the associated electronics.

A later development of the:
thermal print head is the in-line type
shown in Fig. 3. This is a fixed head
which also uses the dot-matrix
approach, but instead of moving a
complete matrix across the paper,
the paper is moved incrementally
past a static head. This type of
printer requires an electronic store
which stores a complete line of
printout and presents the character
‘dots’ to the head one row at a time,
the paper being moved on after
each row. The line is therefore built
up rather like a television picture by .
means of row scanning. The in-line
thermal printer is inherently faster
than the moving head type as a
complete line of dots can be
energised simultaneously so that
with say a 5 x 5 matrix format, only
5 paper shifts are needed per line.

In the case of the moving head,
the entire character is printed but
the head must be movec ifter each
character. To printout a 20 char-
acter line would involve 20 head
shifts, as opposed to 5 paper shifts
in the case of the fixed head system.
The moving head system is poten-
tially cheaper than the fixed head
system especially on line lengths
greater than 30 characters, and has
the advantage that the printout can
be seen as the line progresses,
whereas in the case of the fixed-
head type nothing is seen until the
line is completed.

There are many areas where the
particular advantages of thermal
printers can be exploited. The
obvious application is of course
printout for electronic calculators.
Here more ‘than almost any other
product, the electronic integration
and cost cutting techniques used in

Fig. 4. Depicts a typical OEM thermal printer.

the basic product are exemplary,
and the availability of miniature
thermal printers allow a miniature
printing calculator of high reliability
to be produced. The small number of
‘moving parts used have the added
advantage of yielding a very rugged
design which is ideal in portable and
mobile situations.

The mobile application consti-
tutes a fast-growing market for these

Fig. 5. A thermal printer fitted to a vehicle.

printers, which did not exist in the
past. The police are finding numer-
ous applications for thermal printers,
particularly in the patrol car. Radio
bands are becoming very congested,
and it is not possible to allocate a
special channel to each vehicle. This
means that patrolmen have to listen
to messages not intended for their
vehicle, and the constant back-
ground of traffic makes it easy to
miss a message of importance. The
other problem is that even on a
duplex system, there is very little
security. The use of a printer, which
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runs from the vehicle battery, ena-
bles messages to be transmitted
from headquarters in digital form,
the transmitted signal also contain-
ing the vehicle identity code. The
message can be transmitted very
rapidly over the existing radio chan-
nel, with complete security, the
message being printed out in the
car. The ability to transmit messages
rapidly (@ 256 character message
can be transmitted in a few millise-

conds) enables many vehicles to

operate on the same radio frequency,
but each receives only the message
intended. A built-in store captures
the high-speed message and then
passes it on to the printer at a slower
speed. Similar applications occur in
ambulance fleets, fire services,
military «vehicles, taxis, ships, air-
craft, in fact vehicles of all kinds. Fig.
5 shows a thermal printer fitted to a
vehicle.

Another important area where the
printer's small size and low cost
score, is as an OEM product. It can
be used 'rather as a digital panel-
meter — as a digital panel printer.
The photograph in Fig. 4 depicts a
typical OEM thermal printer.

Moving-coil meters and pen
records can now be replaced by
miniature thermal printers with
built-in analogue-to-digital con-
verters, "to provide permanent
records of results. The silent opera-
tion is particularly useful in places
such as hospitals where silence is
important. .

The light weight and small size of
these printers make possible the
construction of time-sharing com-
puter terminals which can literally be
built into a small briefcase. |

Thermal printers can be made
into sophisticated systems having
in-built intelligence, as will be
described in a future issue of ET|. @
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THE DESIGN CRITERIA to be

satisfied by this timer are that it is -

simple to operate, reliable, pocket
sized, has an audio output and is
cheap to run.

IN PRACTISE

As figure 1 shows, the circuit
consists of two parts: a precision
digital timer and an audio oscillator.
After the preset delay period, the
timer circuit energises the audio
oscillator. There are two operating

controls.

Switch S1 is first set for the
required period; switch S2, the
on/off switch, then initiates the

delay. At the end of the period, a
rapid series of pips is heard from the
speaker. The time period is simply
reset by switching it on again. THe
LED D1 is used to indicate that
timing is in progress and goes out
when the alarm sounds at the end of
the delay period. The general
appearance of the prototype timer is
shown in Fig. 2.

Accurate timing is set by shunt-
ing VR1 and VR2 with a 2k2
resistor to obtain a time delay of 40
seconds.

IN THEORY

Firstly, the timer circuit based on
IC1. This integrated circuit is a
precision timer device, (Ferranti
ZN1034E), in a 14 lead DIL
package. The frequency of an ‘on
chip’ oscillator is determined by an
externally-connected capacitor and
resistor. Pulses from this oscillator
are fed through a 12 stage binary

divider which switches the output:

stage after 4095 counts. During the
count-out period the drain current is
a low 5mA or so, and the osciliator
frequency is independent of supply
voltage in the range 5V to 450 V
(an on-chip voltage regulator is
used).
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Capacitor C1 has a fixed value of
4.7uF and the resistors R1 and R2
are selected empirically to provide
time intervails of .1 hour and 2
hours, respectively. Values of
approximately 270"k and 540 kQ
are required. Of course, great
precision in the time intervals
required is not necessary for the
application in mind for the timer,
but the great advantage of using
this timer chip instead of the
ubiquitous ‘555" IC is that large-
value resistors and capacitors are
not required for delays of an hour or
so. For connections shown in the
figure, the time delay in seconds is
given by

T = 2736C1R1

<At the end of the delay period,

output pin 2 goes positive and

output pin 3 goes negative. Thus,

during the timing period, the
positive voltage on pin 3 drives on
the LED and the negative voltage on
pin 2 keeps off transistor Tr1. When
the timer counts out the positive
voltage rise at pin 2 switches on Tr1
which provides current for the
oscillator based:on the integrated
circuit 1C2.

IC2 is the well known duat timer
device, the ‘556" consisting of two
‘555’ timers in the same chip. Each
timer is wired as an astable
multibrator which are cross-coupled
by resistor R10. The low frequency
oscillator based on R6, R7 and C3
modulates the high frequency audio
oscillator based on R8, R9 and C4
to give a rapid series of 'pips’ from
the speaker LS. The values of these

! |

TIMER

AULDIO

I

OSCILLATOR

|
I RESET
FERRANTI ZN1034E | /;2
| ﬁ')[\: 0 19v
| START/RESET
; "
I Lca 3
RS7532 0 1uF
” i S o
L .
2 4 |
3 3
RT ]
| ¢——W—o0 f R4
14 2
—q‘ . —W— ® 8C108
1 VW0 \f = ns 6k8
R2 " 390R
'S=cra7uF
LED W7
{RED} == <ZR6 <R8
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:;:LI LR S—

> 10k

>R9
2 a70R 5

2 13
ic2 E:Q
3 556 12

AAA. l

==C5

T
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7 8
" =C4
T 0.47uF
. ~—0 oV
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Fig. 1. Circuit Diagram of the Timer.
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frequency determining resistors and
capacitors, and the value of R10,
can be experimented with to obtain
the audio signal required. For
instance, if the value of R10 is
raised from 2.2 kQ to 6.8 kQ the
audio note changes from a succes-
sion of pips to a two-tone alarm.

If it is intended to use this device
as a parking timer, it might be best to
set the period just short of 1/2 hours,
say by 10 minutes or so, to give your-
self time to get back and redeem the
situation, before the dreaded piece of

U3INVYIALS

L

paper descends on your windscreen.

ZMS

ALL COMPONENTS ARE
AVAILABLE FROM DORAM
ELECTRONICS

¥3IAMVv3AdS
a3an

PARTS LIST ETi 252
R1 270k (adjust to give 1hr)
R2 540k (adjust to give 2hr)
R3 390R
R4 6k8
RS 390R
R6 5k6
R7 10k
R8 1k2
R9 470R
R10 6k8
All 5% Vawatt metal oxide
c1 4.7pf 12v.w.
Cc2 0.1uf
Cc3 10uf 12v.w.
ca 0.47,f
C5 1uf 12v.w.
TR1 BC108 or similar
1c1 ZN 1034E (Doram—RS 7532)
ic2 556
D1 TIL 209 or similar
LS Telephone insert
Verobox to suit, battery (PP3) and clips

Fig. 2. Internal shot of the Timer.

BURNS $.C.S. have been supplying slectronic P snd P for
over 7 years and provide a return of post service on all stock items. Should any
item ordered be out of stock, an immediate refund will be made on that item
unless we sre specifically req d to g supply.

RESISTORS: Fixed. full E12 range % and Y2 watt 5%. 1-10 2p, 11-99 1.2p, 100+
0.9p H. Horizontal Presets: 1, 2.5, 5, 10, 25, 50, 100, 250, 500K and 1mQ), all Bp
each H. Panel Mounting Variable log or hn values as above. H.

CAPACITORS: Polystyrene 160v 5% to EB range 10pf to 220pf 3Y2p each H.
330pf-1000pf 4p each H.1500-2200pf 5p each H. 3300-4700pf 5%2p each H.
6B00pf 1o 10000pf 6p H.

MINIATURE CERAMIC PLATE: 2.2, 3.3. 4.7, 6.8, B.2, 10, 15, 22, 33 and 47pf
3%:p each H. 68pf 4p H B2-100pf 4%2p H. 150, 220, 1000. 10000pf Sp each H.

CERAMIC DISK: 500v. 1, 5, 6.2. 10, 12, 15, 20, 22, 25, 33, 40, 47, 68, 82, 100,
220. 470, 1000, 2200, 4700pf 1-24 3%p, 25-99 3p. 100-499 2%p, 500+ 2.2p H.

FEED THROUGH: 1000pf 500 volt solder in 4%2p each, 20+ 4p., 100+ 3%zp H.
1000pf bolt on, 500 volt, 1-19 9p, 20-99 8p, 100+ 7p H.

POLYESTER: 250 volt 20%, C2BOAE Mullard. .01, 015, .022 3'%2p. 033 4p, .047,
068, .1 4%p, .15 6p, .22 5%p, .33 7%p. .47 B%p, .68 12p, 1.0uF 14%2p, 1.5uF
22p, 2.2uF 25p all H and discount for 25+ mixed.

JACKSON: A large number of items are stocked (see catalogue), and any Jackson item
is available to order.

TRIMMERS: Miniature Polypropylene. 1-6pf 13p, 25+ 12p, 2-10pf 13p. 25+ 12p
H. 2-22pf 14p, 25+ 13p H. 6-65 pf 19p, 25+ 17p, all H.

R.F.CHOKES: 1, 22, 4.7, 10, 22, 47, 100uH 17p-H. 220, 470uH 22p H. tmH
24p H.
7 Segment displays 3015f£1 35. 5-19£1 28, 20+ £1.18, FND500/507

CABLES. RG174 50Q coaxial cable 0-%'' dia. 18p per metre. UR43 50Q low loss
Smm dia. 14p per metre UR67 50() very low loss 10.3mm dia. 33p per metre. Twin
flat mains cable 250v 7 amps 46/.0076 9p per metre P&P on all cables 2p per
metre. Single Screened AF Cable, PVC Sheath. stranded inner 10p per metre. Twin
Screened AF Cable, 5mm dia. one screen heavy duty, 7p per metre

APPLICATIONS MANUAL NO. 1
Theory and applications of Resonant Circuits in oscillators, amplifiers, filters. detectors,
mixers, multiphers covering 85KHz-205MHz, together with circuits and results. Block
diagrams show combinations of circuits for receivers. low power exciters, etc. Available
now, price 80p post free and zero rated VAT

BURNS S.C.S.

43a CHIPSTEAD VALLEY ROAD, COULSDON
SURREY CR3 2RB 01-668 7766

OUR NEW ISSUE 9 CATALOGUE 1s now available at 28p p&p free, and lists hundreds
of items all of which are very competitively priced and are to full manufacturers
specification {not re-marks etc.). Our stock includes both fixed and variable Resistors and
Capacitors, Transistors, |.C.s, Plugs, Sockets, Connectors, Cable Valveholders, Crystal
Holders, Hardware, etc. etc. Listed below are just a few examples of our wide range of
components. Please phone in for info on many other items.

GENERAL PURPOSE

’

BC107 10p  BD131 41p  BF224J18pH BFY90£1.05 TIP32a 78p
8C108 10p BD132 46p  BF357K 50pH 8SX19 16p 2N706 13p
BC109 10p  BF115 20p  BFRY99 65p  BSX20 14p  2ZN91B 61p
BCY70 18p  BF167 27p BFXBB 26p 0C29 55p  2N3055 75p
BCY72 15p  BF173 2Bp  BFY50 23p  P346a 21p  ZN3771£2.07
BD106 55p  BF1BO 3Bp  BFYS51 1Bp  TiP31a 6Sp 40312 55p
TRANSMITTING TRANSISTORS:

BLX66 £€6.25 BLY53a £B.75 BLYQ7 £4.75 2N3553 £1.44
BLX67 £6.50 BLYB4 £7.50 BSX61 £0.55 2N3632 £7.10
BLY33 £€1.82 BLY93a £16.50 2N3375  €6.70 BLY83 £7.50
2N3866 £0.87 2N6084 £13.25 2N4427 £0.92
FIELD EFFECT TRANSISTORS:

2N3819 37p 2N3823 46p 2N5245 46p
TIS88a 35p 40673 asp TA7153 £1.85
DIODES:

HP2800 73p  HP2811 95p  HP2835 68p  FH1100 37p
IN40O1 Sp  IN4004 8p  IN4QO7 11p  IN4148 3p
IN4002 6p  IN40OS 9p  INS401 18p  MGD47 7vap
IN4003 7p  IN4OO6 10p  IN5402 20p  BA102 26pH
INTEGRATED CIRCUITS:

7400 13p 7420 15p 7473 31p 74121 34p 74500 66p
7402 13p 7430 25p 7474 30p  74141£110 74510 66p

7404 19p 7432 26p 7475 47p 74192£1.60 741 25p

7410 15p 7440 18p 7490 47p 74196 85p MCA4044P £2.35
7413  30p 7447 68p 7492 60p  74H00 41p MC10116P65p
7416 42p 7472 34p 7493 60p  74H10 41p MC10131P87p

HARDWARE. All prices per 100

Nuts 28A 45p. 4BA 38p, 68A 30p. 8BA 45p

Bolts 2BA x Y2'* 66p, 4BA x %'’ 48p. 4BA x %' 85p, 6BA x %' 42p, 6BA x %'’
chrome 73p. %'’ chrome 73p

Soldertags. 2BA, 4BA, 6BA. 8BA. single or double ended 22p

ADD VAT at 8% to all items other than those marked H to which add 12'%:%. P&P
25p except where stated (Export extra) C W O.
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Low Gast VDU

8 LA

IN LAST MONTH’S ARTICLE we
completed the building of the VDU
and suggested some modifications for

different applications. In a studio
application external sync pulses may
be required and we suggested such. a
modification, whether internal or
external sync is used the video output
is capable of driving several TV sets
and thus the 560 VDU can be used as
a message system where the usual
‘Tannoy’ system cannot be used. If
a relatively simple serial-parallel-serial
interface is added then the 560 VDU
could input or output to a cassette
recorder or an acoustic coupler for use
with the telephone. This would allow
recording of messages for later fast
replay or telephone communication
for the deaf if a keyboard was added.
If using a cassette 1/0 then continu-
ous tape could be used to present an
ever changing message for supermarket
special offers or similar applications.

The cassette could store

1560 |Part 3: Modifications & Interfacing

‘pictures’
made up from letters to provide a
cartoon type display which would be
animated by the input from the
cassette. The easiest format to use for
recording is ADDR, DATA, space,
ADDR, DATA, space, etc so that any
box can be changed without having
to rewrite a whole screen.

KEYBOARD

If you wish to use a keyboard in
place of switches you need a cursor
counter, this is a <~ 8 counter to
replace the 8 address switches. These
counters are incremented with each
key depression or reset by CR or LF
commands. If up/down counters are
used then a backspace command can
be included, a cursor position
indicator can be included by disabling
RCLK at COMP low time. This will
produce an underscore at the selected

box. An alternative method of con-

necting the keyboard is to connect the
VDU to an MPU and the MPU to the
keyboard, thus anything entered to
the MPU will be reflected on the VDU.

MICROPROCESSORS

Fig. 11. shows a possible interface for
an MPU chip and Fig. 12. shows the
program flowchart required to drive it.
The MPU outputs the address of
the required box on the screen as data
on the data bus, this data is ‘written’
by the MPU to MPU address 'FFFE’
which is a psuedo-address, i.e. there is
no RAM storage at that address. The
fact that the MPU has tried to access
'FFFE’ is decoded by 7430s and
7400s and this decoded signal is used
to latch the data bus contalnlng the
VDU address into a pair of 7475
latches. This information is connected
in place of or in parallel to the 560
VDU address switches (and at high)
and thus causes the VDU to access

(—— —r
o | ————— _"t;
U L_._
=) |
DATA% I H—L——l i
I

i
—
.
N

Ir

[_
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T‘J

r
Jj»J

TO 560 VDU
DATA BUS

B 560 VDU
D N TO 'WRIT'
~ ™ 560 VDU

MPU
( ADDR
BUS
o —
| —
\OB _l_ )
‘COMP' FRC

TO 560 VDU
?ADDR BUS

1
I

TO BUSY

S

FLAG MPU

Fig. 11
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PREEEEC

WRITE TO

——=— VDU RTN
START

WRITE ADDR.
TO FFFE

!

WRITE DATA
TO FFFF

]

END RTN
CONTINUE
PROCESSING

Fig. 12

DESCRIPTION

CLK'S on 7475 latches are at |

o latches are open but "WRIT™ s dis-

abled.

11 VDU s still writing last entry the
TBUSY ™ tlag will be low  wait untif it
goes high

FEFE address is decoded by gates
AB.C.DF .G and produces alow at Y
This Jow 1s larched by lip-tlop K and
in turn latches required VDU address
to VDL

FEEE address 15 decoded and pro-
duces a low at X which sets the 1lip
flop H und 74740 This laiches the
reyuired data to the VDU and also acts
as the output to the busv thig and
enables the "WRIT" pate

MPU may now  continue  process
ing other work, When the VDU scans
the required address “COMP™ will g
jow and produce a low 1o "WRIT
thus putting data into memory. As
"WRIT goes high after writing the
‘D of the 7474 is transterred 1o the
Q output which clears flip-flops LK
and H.l and puts a igh on the "BUSY”
tlag 1o indicate that the VDU can now
accept new data.

ELECTRONICS TODAY INTERNATIONAL—-OCTOBER 1976

that address and to produce a COMP
output. The MPU now ‘writes’ the
required data to MPU address ‘FFFE’,
this is decoded and used to latch the
data into another pair of 7475s and
then on to the 560 VDU data bus. The
decode for 'FFFE’ is also used to
trigger a flip-flop which sends a flag bit
back to the MPU to show that the
VDU is ‘BUSY’ and cannot yet accept
any more inputs. When COMP goes
low it is gated with the BUSY flag to
enable the WRIT pulse to store the
data in the VDU RAM. As this WRIT
pulse ends the positive going edge is
used to transfer the D input of the
7474 flip-flop to the output. As this D
input is low the Q output reset the
flip-flops controlling the latching and
also resets the BUSY signal to the
MPU.

Another approach altows the MPU
to directly address the VDU RAM, i.e.
the MPU busses, in this case the MPU
would write to pseudo-address ‘FFxx"’
where is the address in the VDU RAM,
a 7430 detects the 'FF’ and uses this
to enable the WRIT signal as in the
previous example. The latches and
associated flip-flops are not required
if the MPU has a facility for extending
/O times to cope with low speed
devices. SC/MP for instance has a
HOLD input which causes the address
and data busses to stay active until
hold is released, thus the 7474 flip-
flop is triggered by the detection of
‘FFxx’ and reset by the end of WRIT.
The Q output would be used for con-
trolling HOLD. In the first example
the MPU can process whilst waiting for
VDU writing to complete and in the
second example the MPU waits for
completion and then goes on to the
next instruction. ®
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SPECIAL
ANNOUNCEMENT

We are adding a further 800 new
items to our stock list of compon-
ents. Watch for our advertisement
in next month’s issue! Better still,
write NOW for our NEW 1976
Catalogue. It shows our complete
range of Electronic Components,
Semiconductors, Audio Modules,

Hi-Fi Accessories,

etc.,

in fact,

everything for the electronic en-
thusiast. AND all at unbeatable

bargain prices!

Order your copy NOW.
Only 50p plus 15p postage.

I-PANK

P.O. BOX 6, WARE, HERTS.

phone customers

YES SIR 1st class post TONIGHT! We specialise
in high spec components with express service for
vand

IGH SPEGC componens FAST!

AGENTS FOR:- VERO - ANTEX - BIS MULTICORE SOLDER ‘»i-
@ S.AE. for stock Tist including pots. Pre-sets. IC's 7400 & CMOS, | &
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OPEN 9 a.m. - 5 p.m. 6 DAYS — PHONE ORDERS 9 a.m. - 4 p.m.

POST & PACKING 25p per order
VAT please add to total *12%% rest 8%.

:Orchard electronics

FLINT HOUSE, HIGH STREET, WALLINGFORO, OXON 0X10 0DE

.TEL: 0491-35629
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Completethe
coupon and
wellsendyou
our complete,
new catalogue.

The new Heathkit catalogue is now out. Full as ever with
exciting, new models. To make building a Heathkit even
more interesting and satisfying.

Clip the coupon now (enclosing a 10p stamp for postage)
and we'll send you your copy to browse through.

With the worlds largest range of electronic kits to
choose from, there really is something for everyone.

Including our full range of test equipment, amateur radio
gear, hi-fi equipment and many general interest Kits.

And, if you happen to be in London or Gloucester, call in
and see us. The London Heathkit Centre is at 233 Tottenham
Court Road The Gloucester showroom is next to our factory
in Bristol Road.

Heath (Gloucester) Limited Dept. ETI-106 Bristol Road,
Gloucester, GL2 6EE. Tel: Gloucester (0452) 29451

T T —

The new Heathkit catalogue. Qut now FREE.

I To: Heath (Gloucester) Limited, Dept. ET I—lOG.Gloucester.I

I GL2 6EE. Please send me a Heathkit
catalogue. I enclose a 10p stamp for postage. BT
Name

I Address

HEATH

-
with your first order
over £30
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Fullsize=5in across
and 3%in deep.

‘4 A

Qur clock shows the time 0.7in high on bright Planar Gas Discharge
displays (there is a brightness control on the back). The dot on the
left of the display shows AM/PM. and the flashing (1Hz) colon
shows that the alarm the alarm and clock are working.

A bleeper alarm sounds until the clock is tipped forwards. Then
the ““snooze’ facility can give you 5 minutes sleep before the alarm
sounds again and then another 5 minutes, etc., until you switch the
alarm off. The clock also features a mains-failure indicator and is
12hr — the alarm being 24hr.

ETI COMPETITION
"£1395 £18.95

A gold plated, LED display 5 function watch at the VERY special
price of £18.95 inclusive of VAT, postage and packing {(normal price
£23.75).

As well as hours/minutes {(with AM/PM indicator), day/ date and
seconds, you also get a guarantee which in this case is no small
addition!

* Two years cover repairer replacement on any watch

developing a fault within two years of purchase.

*  Free calibration check at the end of each of the first

3 years.

PLEASE MAKE YOUR CHEQUES PAYABLE TO ETI AND WRITE YOUR NAME AND ADDRESS ON THE BACK TO SPEED
PROCESSING OF YOUR ORDER. ALLOW 28 DAYS FOR DELIVERY.

Heres a chance to test your wits, and your calculator! This months competition js
a cross-number, designed to test your electronics knowledge. The winner picks up
an ET! Alarm Clock AND one of our five function Digital Watches (see above).
Nine runners-up will each get an alarm clock. All the answers are numribers. There
are no leading zeros (there’s a hint!) and the decimal point is ignored i.e. 4.32

becomes 432 and 43.2 also becomes 432.

All numbers are rounded off to the number of spaces in the puzzie, and this is

done in the standard manner, {1—4 round down, 5—9 round up).

The clues are not easy, but then again neither are they so obscure you’ll need

to burn the midnight oil. Good luck!

Competition closes 30th October, and the results will be announced in the

Our digital clock has previously been marketed under the name
Pulsar. At the time the name was chosen Dy us. we were unaware that
a prior right to the name Pulsar existed. This has been drawn to our
attention that this is in fact the case. We have been asked to point out
that this clock is not, and never has been associated with Pulsar
Watches and their accessories. Time Computer Inc, or Pulsar S.A.

January ETI,
DOWN information — 64 of ‘em in fact!
1. 1452.2°Fin°C 21. As high as can be accounted for by

2. (6+sinh(1.00)).
3. Voltage across a 12k resistor with
4.856mA flowing in the circuit.
4. Links circles and apples, the most
useful of numbers.
5. A national, if alarming, method of
timekeeping.
7. Unlucky for some to a base of two.
10. Code breaker which displays its
conclusions!
12. The capacitor value (in uF) to give
a time constant of 100 secs ifused 13.
with a resistor of 10.451k! 14.

ACROSS
Display of great size?

. .6.358
10. (59029.5616)*
5\/2.3485x10"".

140 hands — less a finger!
22. A gross, understatement of one!

1
3. Mostek six decade counter.

6. Ubiquitous prehistoric n-p-n!

7. It begins 141 days after 12-8-76.
8. With which to switch to CM0OS?
9

Sixty-nine to base seven.

19.

Handy for storing odd bits of

a circuit!

.

Py R

ELECTRONICS TODAY INTERNATIONAL

(52 The I @ clogk_ would be eleven 16. '-|3 e*dx. Send to: Crossnumber Competition, ETl Magazine,
minutes early if it turned up here! 18. tan 77.989° |36 Ebury Street, London SW1W OLW. I
15.*The famous Motorola MPU! 20. Pre-programmed scientific calcu- ’
16. One hundred and forty — based lator — for a maritime ranking? l NAME . . . . . . i e e e e e I
on three. 23. Commonly coupled with in to I ADDRESS . & o v ot e e e I
17. One more than a high impedance provide a one way flow.
op-amp! 24. A number to bring a small light to I """"""""""""""""" I

h-—————-m——.

M

—OCTOBER 1976

33




BIectronics toda

international y

What to look for in the November issue: On sale Oct 1st.
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ETP’s own
Microprocessor

At last, a properly tried and tested micro-
computer designed for the enthusiast:
System 68. ETI have been working on this,
for almost a year to be sure that what we
present is accurate and that we can follow
it up with the programs that go hand-in-
hand with this project.

System 68 is powerful and has been
designed to operate without an expensive
teletype or VDU — though it can be mated
to our ETI560 VDU,

Based on the Motorola M6800, System
68 is modular and has been designed specifi-
cally with future additions- and modificat-
ions in mind and to suit your choice of
peripherals. .

It was recently stated that ‘anyone not
into microcomputers within the next year
may as well retire now! They offer facilities
and power not dreamed about a few years
ago, not just to industry, but to the
amateur. This is whole new world — and its
brought to you first by ETI.

£10-£20
SCIENTIFIC
CALCULATORS

We've done calculator surveys
before but next month we're
taking a different approach.
We’re looking very closely at
scientific calculators in the most
popular price bracket — that of
£10 — £20.

If you hurry...

. Did you see our ‘offer you can't refuse’ in

the September issue? Anyone taking out a
subscription before September 30th can buy
any two of the following specials for just
60p (not each — for both):

Electronics — Its Easy Part 1

Electronics — Its Easy Part 2

Top Projects No. 2.

Top Projects No. 3.

We've been swamped with orders but
there’s still time to take advantage but
remember, the offer closes September 30th.

ETl: STILL ONLY 30p

We've been able to hoid the price of ET! at
30p for quite a while now — and although
the pressures are great, we've been able to
hold it there because the sales have risen so
fast. In fact ET| is not only the fastest grow-
ing electronics magazine — it is possibly
?ri?in's fastest growing magazine in any
ietd.

per supplement of our deserv
[ /v
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TELEVISION

CROSS-HATCH
GENERATOR

The winner of the ETI-Doram Competition
— a Cross Hatch Generator (news of which
is given in News Digest) will be featured
next month. This includes its own UHF
modulator avoiding the necessity to clip in
on an unknown circuit. Full details next
month. !

GENERAL
PURPOSE
PREAMP

A general purpose stereo preamplifier
using a single LM382 IC which can be
tailored for use with magnetic pickups,
tape recorders or microphones by
changing a few components.

MODEL TRAIN
CONTROLLER

Model trains have always been popular
with the lads — and dads — with
perhaps dads coming first! This
project offers reverse (automatic),
inertia, emergency brake and loop
track facilities.

Features mentioned on this page are in an
advanced state of preparation but circum-
stances, including late developments may
affect the final contents. N
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GDI Systems

A CONSIDERATION OF THE THEORY INVOLVED

Capacitive-discharge ignition sys-
- tems have already achieved nearly
100% penetration in the
small-engine market, and as a result
of economic and energy-conserva-
tion considerations are now making
an impact on the automotive market.

This article describes the require-

ment of small-engine ignition sys-
tems, automotive or battery-
powered systems.
Capacitive-discharge ignition sys-
tems have been in use since the
introduction- of silicon controlled
rectifiers or thyristors. The early
recognition and application of the
benefits of this system in limited
areas of the small-engine market
(single-cylinder, two and four cycle
engines, and marine engines) has

since expanded to nearly 100% of"

that market. Each day additional
applications are added: chainsaws,
lawnmowers, snowmobiles, motor-
cycles, mini-bikes, fence chargers
and auxiliary power sources are
relying on the virtually mainten-
ance-free, high performance capaci-
tive-discharge system.

Large-engine systems for auto-

motive use have so far tended to.

remain a replacement-market pro-
duct, primarily for economic rea-
sons. However, expansion in this
area is expected to increase because
of the energy crisis, which has
stimulated the demand for greater
fuel economy with improved perfor-
mance.

Basic considerations

It is important to start by consi-
dering the basic requirements of
automotive ignition systems. Under
worst-case conditions, about 22kV
is required to ignite the combustible
mixture of an automobile engine. In
addition, a minimum energy of
about 20mJ must be available in the
spark to ensure the propagation of a
stable 'flame front’ originating at the
spark. The exact values of voltage
and energy required under all oper-
ating conditions depends on four
main factors:

(i) Condition of spark plugs:
Fouled plugs reduce both the vol-
tage and the energy available for
ignition. The plug gap also affects
both the voltage and the energy

required. As the plug gap is

increased, the required voltage

increases, but the required energy

decreases.

(ii) Cylinder pressure: The cylinder
pressure depends on both the
compression at the point of ignition
and the air/fuel mixture. The mini-
mum breakover voltage in any gas is
a function of the product of gas
pressure and electrode spacing
(Paschen’s Law). In automobile
engines, the minimum voltage

increases as this product increases.

Therefore, higher pressures also
require higher voltages.

(i) Spark plug polarity: The centre
electrode of the spark plug is hotter
than the outside electrode because
of the thermal resistance of the

ceramic sleeve that supports it. If the

centre electrode is made negative,
the effect of thermionic' emission

from this electrode can reduce the

required voltage by
20-50%.

(iv) Spark-plug voltage wave-
shape: The spark-plug voltage
waveshape is shown qualitatively in
Fig. 1. The voltage starts to rise at

ignition

BY M. KALFUS

insufficient energy left to maintain
the discharge (at point C), current
flow ceases and the remaining
energy is dissipated by ringing. The
final small spike at point D occurs
when the ignition coil again starts to
pass current.

The two most important charac-
teristics of the voltage waveshape
are its rise time (from A to B) and the
spark duration (from B to C). A rise
time that is too long results in
excessive energy dissipation with,
fouled plugs; a rise time that is to0!
short can lead to loss by radiation
through the ignition harness of the
high-frequency components of the
voltage. The minimum rise time
should be about 10us; a 50us rise
time is acceptable. Conventional
systems have a typical rise time of;
about 100 us. At an engine speed of
5000 rev/min, one revolution takes
12ms. Engine timing accuracy is
usually no better than 2°, which
corresponds to 67us. The error
caused by the rise time is therefore
comparable to normal timing errors.
At normal cruising speeds (about
2000 rev/min), the 2° timing error
corresponds to about 165us, and
rise-time effects are negligible.

(v) Energy storage: The energy
delivered to the spark plug can be
stored in either an inductor or a

) B

VOLTAGE

Bl

T\
A

C

TIME
Fig. 1. Spark plug waveforms. .

point A and reaches ignition at point
B. The region from B to C represents
the sustaining voltage for ionisation
across the spark plug. When there is

ELECTRONICS TODAY INTERNATIONAL—-OCTOBER 1976

capacitor. Although the inductive
storage method is the more common
approach, both are used. One
requirement common to both meth-
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GOl Systems

‘ods is that, after the storage element
is discharged by ignition, it must be
recharged before the next spark is
fired.

Capacitive-discharge

The basic capacitive-discharge
system is illustrated in Fig. 2. It is
important to note that the trans-
former serves simply as a pulse
transformer, and the performance at
high engine speeds is not affected
by the transformer but is governed
by the time required to charge
capacitor C to the desired voltage
level. .

TRANSFORMER
O l
DC 4
SOURCE T C
SCR
TRIGGER
CONTROL
O
(a)
PULSE
TRANSFORMER
(0, i it
C
. SCR
DC
SOURCE TRIGGER
CONTROL
O
(b)
Fig. 2. The basic CDI system.

‘constant generally between 1 and
1.5). The stored energy is thus
delivered to the spark plug in the
form of a high voltage pulse. Typical
values for V_and C are about 350V
and 1u F, respectively so that the
energy e is about 60mJ.

Because the energy dissipated in
the spark gap is equal to the energy
stored in the capacitor minus the
losses in the transformer and
thyristor the energy available in the
system is relatively easy to calcu-
late. Examination of the basic
circuits shows that the energy is
transformed only when the thyristor
is forward-conducting with the gate
biased on.

However, part of the energy is
not available in the basic circuit
because the capacitor and inductor
form a tuned circuit when the
thyrister is on, and the energy that
would normally flow back from the
inductor to the capacitor is stopped
by the high reverse impedance of
the thyristor. The duration of the
spark is limited to approximately
one half cycie of the natural LC
frequency of oscillation.

Some of the energy lost can be
regained and used to increase the
spark duration by installing a diode
in the basic circuit of Fig. 2 as

shown in Fig. 3. The diode not only
bypasses the reverse impedance of
the thyristor but also eliminates the
possibility that the thyristor might
conduct in the reverse direction
should the gate of the thyristor be
biased on at this time.

In addition to improving the
low-temperature performance of the
system by increasing spark
duration, the diode reduces the
possibility of excessive heating and
damage to the thyristor that could
accompany reverse conduction, and
thereby reduces the overall cost of
the system by reducing the reverse
blocking requirement of the thyris-
tor.

Another important considera-
tion

The ratio of spark duration to
charging time decreases with
increasing engine speed so that in
some applications a speed limit may
be reached which is below the
desired maximum because of
charging-time requirements.

A major operating point that
must be considered in the capaci-
tive-discharge system is when to
charge the capacitor. In some
systems the capacitor is charged
soon after discharge; in others, just
before discharge. The second
method is the better in that it
minimises the losses resulting from
leakage, but this advantage is
somewhat negated because of the
precise timing required to institute
the charge just prior to discharge.

The trigger control circuit (which
can be a transistor switch) is con-
trolled by the distributor points.
More sophisticated distributor con-
trol, such as that available from
distributors in which the voltage
pulses are derived magnetically or
photo optically, can also be used to
‘control the trigger circuit.
capacitor is charged to the d.c.
voltage the stored energy e is equal

to C'V, 2/2, where Ve is the

capacitor voltage.

At the appropriate time, the
trigger control circuit fires the
thyristor. The capacitor discharges
through the transformer, which
steps up the voltage to a value V
equal to KNV _ (where N is the
transformer turns ratio and K is a
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Fig. 3. Refinement of the basic system to include diode protections.
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This requirement can result in
complex mechanical or electrical
arrangements.

A higher charging voltage may
be considered to permit the use of a
high-voltage regulator to compen-
sate for leakage in both the
capacitor and thyristor. A circuit
designed to charge the capacitor
just prior to discharge would also
tolerate a higher level of leakage
current in the thyristor.

However, the rate at which the
capacitor is charged is limited by
any capability of the thyristor to
withstand practical amounts of
static dv/dt at the worst-case
temperature.

Low-temperature operating limits
require consideration of gate-firing
characteristics. The thyristor gate
voitage and, to a greater degree, the
gate current required, increase as
the temperature decreases. Gate-
current sensitivity must be kept to a
low enough level at high-tempera-
ture extremes to avoid spurious or
false turn-on. This sensitivity estab-
lishes the gate current requirement
at the low-temperature extreme. In
most capacitive-discharge applica-
tions, minimum and maximum
gate-current requirements are spe-
cified at 25°C and are correlated

with minimum and maximum limits
at the temperature extremes of
operation.

Invertor-charged systems

A system eliminating the need
for flywheel magnetics is the inver-
tor-charged system. This system is
used where a battery is available, as
in an automobile.

There are some practical consi-
derations which limit the use of this
system. The first is low temperature
starting. At an ambient temperature
of —40°C, the available battery
voltage in a nominal 12V automo-
tive system may be.as low as 6V d.c.
because of the starter current
required at this temperature and the
reduced battery capability. in addi-
tion, at this temperature, the fuel /air
mixture is wet, particularly in a two
cycle engine. )

For reliable starting, the full spark
energy must be available immedia-
tely. This means that the invertor
must be capable of producing the
full energy at low supply voltages.
The voltage step-up ratio of the
system transformer is constant and

HOW IT WORKS — BASIC CDI

All these systems are oper-

therefore cannot be increased as the
temperature decreases; such an
action would ensure sufficient vol-
tage at low temperatures, but would
subject the capacitor and thyristor to
voltages higher than their ratings
under normal conditions and after
starting. The problem of starting at
low temperature may be circum-
vented by regulating the voltage on
the capacitor or by using a trans-
former with a higher step-up ratio
than required and then shutting
down or removing the invertor, with
its transformer, from the circuit at a
time that will prevent any voltages
from becoming a problem. A typical
example of an invertor-type ignition
system with regulator ballasting is
shown in Fig. 4. The trigger circuit
shown in the figure is subject to the
same variations in potential as the
invertor circuit, in addition to others
arising from the need to gate the
thyristor with a high current at iow
temperature when the available
voltage is low. This gating problem
can only be solved by a compromise
between overdriving of the gate at
high temperature and maintaining
only an adequate drive at low
temperatures; there are many cir-
cuits that can be used to achieve this
compromise.

Now there's a better way

ated in a similar way; energy
stored in a capacitor is
transferred to a spark gap
through a transformer and
thyristor; the thyristor ¢n-
sures that the spark is short.

The circuit in Fig. 4 is
typical that used in the
three  systems. The AC
potential across transformer
Ty is rectified by diode D,
and charges capacitor C, to
the required voltage. Resist-
or R, which may bc part of

Dy

T
CHARGING
WINDING

voltage across the thyristor.
Resistor Ry damps variations
in the input impedance of
the thyristor. The thyristor
is triggered at the appro-
priatc time, and the cnergy
stored in the capacitor is
transferred into the primary
of T thus causing a spark at
the gap.

The voltage required to
brecak down the sparking gap
is a function of the spacing
of the electrodes and

the charging-winding resist-
ance, limits the current and
prevents the thyristor from
firing as a rtesult of the
imposition of a dv/dt valuc
greater than the capability of
the thyristor.

The  combination  of
diodes D and D) prevents
the charging winding of
transformer Tj from im-
pressing a high reverse

pressure in the cylinder in
the vicinity of the gap. The
spark in the gap lasts until
the current passing through
the thyristor stops conduct-
ing, Dy and D7 start con-
ducting in the reverse direct-
ion and lengthen spark
duration. After the thyristor
turns off, C is discharged,
and the circuit is rcady to
repeat the cycle.
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fo keep your copies

We reckon ETI is worth keeping: and our

staggering 97% of readers keep their copies for at least three
months. Now we can offer you a binder which holds 12 issues
whose quality befits the magazine: excellent. Send £2.50 (which
includes VAT and postage) to:

ETI BINDERS, 36 EBURY STREET, LONDON SWIW O0LW.
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fm tuner numb

37 HIGH STREET,
BRENTWOOD, ESSEX.

CMI4A 4RH  +e 216029

;

ambit.........

WIRELESS SPECIALISTS
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The New FM Tuner from Ambit.

1.2uV for 30dB SN, adjustable output voltage, ultrasonic suppression
better than 70dB. 6 presets, geared manual drive. Double IC stabtlizers.
Supplied with prealigned Larsholt RF/IF and decoder module. Com- l
plete with black woodgrain cabinet, and solid aluminium front panel. ]
Kit £63.00 (70.87 inc. VAT)

Built and tested £79.75 (£89.71 inc. VAT)
(Carriage £3.00 extra)

modules for rf,if mpx: (12v)
audio and general components

NEW 7020 Dual ceramic filters, 2 stage preamp into the
improved CA3089E (HA1137W), with mute,
AFC to suit ANY varactor tunerhead, meter
output and edge terminations.
kit £5.25 built £6.55
NEW 92310 The MC1310 mpx decoder, with twin audio
preamps, and BLR3107 ultrasonic block filter, p
kit £5.35 built £6.65
NEW 71197 A new varicap tuner for MW/LW, with ceramic |
filter, 80dB AGC, low noise and distortion. )
kit with ferrite rod £9.65 built £11.35 !
NEW 5800 The state of the art in FM tunerheads. 6 double
varicap tuned circuits, 2 MOSFET AGC contro-
llable RF stages, double tuned |F output stage.
kit £11.35 built £14.00
TDA2020 kit A stereo power amp, with the TDA2020 15W
RMS 0.1% THD IC from SGS.
£7.85. (Special extruded heatsinks 75p each).
LINEAR ICs (* at 8%) DISCRETE DEVICES
CA3089E 1.94 1LS8038 3.10° Z2TX107/8/9n 0.14
CA3090AQ 3.75 NES60 2.50 2TX212/3/4p 0.16
MC1310 2.20 NES61 2.50 Z2TX551/451pn 0.18
SN76660 0.75 NES562 2.50 BF 256 0.34
TBA120AS 1.00 NES65 2.50 40673/MEM616 0.50
TBAGS1 1.81 NES66 255 40822/MEM615 0.38
uA720 1.40 7805UC 1.55° BD535n{60v - 50w} 0.52
LM380 1.00 TDA1412 095" BDS36p{60v - 50w} 0.53 A
LM381 1.81 78M20UC 1,20° BD609n(80v - I0w) 0.70 2
TBAS81IO 1.09 uA723 0.80" BD610p(80v - 90w) 1.20
TCA940 1.80 NESS0 0.80" n = NPN type
TDA2020 299 NES67 2.50* p = PN ptype
VARACTORS FOIL TRIMMERS! POTS
MVAM2 . 1.05 3—-12pF 0.18 100k+100k LIN 0.60
MV104/BB104 0.45 4--30pF 0.23 100k +100k with.
8A102 0.30 6-45pF 0.26 50% tap 0.65
BAI2Y 0.30 (7.5 diameter types) 20 turn 100k
diode faw 0.35

TOKQ COILS, FILTERS, TUNERS FOR AM/FM AND MPX.
Full details of standard types in lists:

10mm IFTs for 455470kHz 30p Linear Phase filter for 10.7MHz 2.25
10mm IFTs for 10.7MHz 33p MFH41/71T mechanicals for 455 1.65
Ceramic filters for 10.7MHz 50p SFD470 new Murata ceramic block 0.75
Ceramic filters for 6.0MHz 80p BLR3107 19/38kHz notch (stereol 1.75
Ceramic 455kHz type CFX104 1. 50 Variable chokes 11, 23 & 36mH .30
CFT455B/C, CFT470C ceramic  60p EC3302 low cost varicap FM tuner  5.60
CFUO0500 470kHz ceramic 65p EFS5600 5 stage varicap FM head 1250 §

Send an SAE for a free price list and stock list. There is a new Larsholt
Signalmaster FM tuner and more details on our range of wireless pro-
ducts. PP 22p per order, VAT is generally at 12%% - and the min.
CWO charge is £1. Min. invoice £7.50, Catalogue 40p. (* 8% VAT),

aparkrie mb

Capacitive discharge
electronic ignition kits

Smoother running
Instant all-weather starting
Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
Up to 20% better fuel consumption

Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. |t can be assembled in two or three hours and fitted in
15/30 mins.

Because of the superb design of the Sparkritd circuit'it completely
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is elirminated electronically by a pulse
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the.contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems.of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
coit/distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Ready driiled pressed steel case coated in matt biack epoxy resin, ready
driited base and heat-sink, top quality 5 year guaranteed transformer
and components, cables, coil connectors, printed circuit board, nuts,
bolts, silicon grease, full instructions to make the kit negative or
positive earth, and 10 page installation instructions.

OPTIONAL EXTRAS

Electronic/conventional ignition switch.

Gives instant changeover from “'Sparkrite.’ ignition 10 conventional
ignition for performance comparisons, static timing etc,, and will

also switch the ignition off completely as a security device, includes:
switch connectors, mounting bracket and instructions. Cables excluded.
Also available RPM limiting control for dashboard mounting

{fitted in case on ready built unit}.

CALLERS WELCOME. For Crypton tuning and fitting service —
‘phone (0922} 33008

PRICES INCLUDE VAT, POST AND PACKING.
Improve performance &economy NOW

* ok ok ok Kk ok

\
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Quick installation
No engine modification

P

required
T =]
Electronics Design Associates, Dept. ET 10.
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652 |
Name ... SO e Lo SOOI 3T |
AGAIESS ..oeeiiiiiiiiiieiiie ettt a e e e ce e e e et e e s e ae st eaaeneres }

Qua, ’
Mk. 2 DIY Ass. Kit @ £11.80 %gdo feiclosElcheaue RO

for£
Mk. 2 Ready Built Negative Earth @ £14.97

Mk. 2 Ready Built Positive Earth @ £14.97 Cheque No.

Ignition Changeover switches @ £4.30

Send SAE if brochure
only required.

1 1 1 1 | /i
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DORAM
KITS
CONTAIN
VERYTHING
DOWNTO
THE LAST
NUT!

7
Z— 4 ELECTRONIC
=1 CAR IGNITION 5

>

Available
NOW!

// N Give
R > YOUR
\ 4 ,/// CAR

Touch Ativsiad Programmar C \. NEW
- \ LIFE!

Will give Your car greater
performance and help to
reduce fyef consumption
12V Neg, operation. .
Includes changover

aciit Three touch activated switches with switch with
Design® with one reset input. Inexpensive method immobilize
dust o of switch control. No mechanical Position.
qau - diuste moving parts.
A
may = a\mosi \ CASE NOT SUPPLIED.

l m PLEASE PRINT IN BLOCK CAPITALS
New 16 page brochure contains complete ETI ]0/76
details of kit range.

I DORAM ELECTRONICS LTD
P.O.Box TR8, Name
* Kits sent by return-of-post. Leeds LSI2 2UF.
. . L . | enclose 25p please send me by return my  Address ...
* Each kit designed by specialists, only reliable ..\ Doram kit brochure. Overseas orders
and highest guality components included. I except for N. Ireland please add 10p for ... e

SEND FOR YOUR NEW post and packing surface only.

Customers who order this kit brochure 2 e By S— et E g

* Big range of kits to interest Radio, Electronic
and Hi-Fi enthusiasts.

Kl T B ROCHU R E TODAY together with Doram’s new 'Edition 3'

component catalogue can save 15p on the Post Code . ... ... L
On|y25pinc. post and packaging. I individual purchase price for both.

combined price 70p and obtain two

S =8%VAT. H=12%%VAT. o 250 vouchers. An Electrocomponents Group Company.

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1976 39



) ' TRANSISTORS . p P
P ° 88 | TIS46 31| 229280
| l I AC107% 16 |Bcia3e 24 |BF173% 84| Tis4s 28 zNzgzaa
AC117 38 |BC147 7 |BF177x 58 | TIS49 32| 2N2928Y
AC126% 32 | BC148 7 |BF178% 18| TIS50 32| 2N30%14
AC126% 18 | BC BF179% 18| TIS74
e 2 y 149 l 31| 2N3083%
A DAD f DRD . » AC127% 18 |BC153 9e | BF180% 18 | TIS91 20| 2N3054%
ait ORDEF : . . ’ AC128% 18 |BCiba 20 | BE1BI® 18| Zx107 12| 2N3086%
ord ACY41% 22 {BCIST 10 | BF1B2¢ 21,7108 12| 2N3825
ACl41ke 38 {acisd 12| BEAdy 17/7x100 13| oNgsiax 98
1
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS | AC142kw 38 g?:‘gg :; BF1BE 27 znr;gg? :: 2233,‘,3" %
DESPATCHED 8Y RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/ | ACI76x 18 |Bcisa 12 | 31100 HEEE HEBER &
.0 OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL | AS1a0s 18 |5S155€ 13 lerios o [ Ereoag: % 121370 10
INSTITUTIONS OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY | ACY1?™ 38 |aci7y 43 [BF197 s oo 10| s e
WELCOME. P&P ADD 25p° TO ALL ORDERS UNDER £10.00. OVERSEAS ORDERS | ACY18 28 |8C172 14 |BF198 30| zrx314 223;33 ‘o
POSTAGE AT COST. AIR/SURFACE. (SEND 28p FOR OUR CATALOGUE.) :g:;g 26 | BC177% 18| ZTX341 2N3708 []
VAT Not applicable to Oversess Customers. All prices are exclusive of VAT. | ACY21 g: gg:;g: 3: %gg? 203700 s
Please add 8% to devices marked X To the rest add 12V2%. Callers | ACY22 16 |BC182 30| ZTX602 3531:? ::
welcome to our retall shop st 33 Cardiff Rosd, behind Watford Foothall Ground. | ACY28 21 [BCiazL 12 | 32804 281 7TX503 2N3I771w 140
Mondey to Saturdsy. Ample Free Car Parking space available. AcYas N9 [/5C 1o O or2eew 44 lizixeos 2N3772% 178
BC1B3L 1 531 2N3773% 228
POLYESTER CAPACITORS: Axial lead typo (Values are inu F). BF595
400V: 0.001, 0.0015, 0.0022, 0.0033 Bp; 0.0047, 0.0088B, 0.01, 0.015, 0.018. 0.022 @p; 0.033 :gﬁ EH gg:g:L 12 | 8FR3s s ngssz%D N
0.047. 0.088 85; 0.1. 0.16. 0.22 10p; 0.33. 0.47 18p: 0.68 24p AD140% 48 | BC186 22 | BFR40 o4 | 2NE36w §:§g§g
:,0::“?.239 0.16, 0.22, 0.33 8p; 0.47 10p; 0.68 18p; 1.0 up. 1.5 20p; 2.2 24p; 4.7 28p, AD14gw 48 |BC187% 28 | BER78 100 | 2NB97+ 2N3B24
1000V 0.01 14p; 0.022 18p; 0.047 16p; 0.1 19p; 0.47 43p. :gm- 36 |BC212 12 g:;“‘g 187 [ 2N898 % 2N3666%
POLYESTER RADIAL LEAD (Val 250v: 162« 36 8C212L 13 30[[2NEITA 2N3803
P e (\g;.l;u’mu;) 50V: 0.01, 0,015, 0.022, 0.027 Bp; | FEED THROUGM | AF114% 20 | 8C213 11 | eFx29e 32| 2N7D6% N a0
S B O p: p: 0.22. 0.33 9p; 0.47 10p; 0.68 14p; 1.0| CAPACITORS AF115% 20 |BC213L 13 | BFX38% 43| 2N708A% IN3908
T0000F/350v  Bp| AF116e 20 | 6C31e 12 | eFxsaw 80 | 2N707% 2N3908
sLEcTAOLYTIC CAPACITORS: Axial tead type (Values aro in uF). AF117# 23 [BC21aL 18| BFX32% 90 2N70B% 2N4037
F, 40p; 100V: 20, 6p; 83V: 0.47,1.0, 1.5, 2.2, 2.5,3.3, 4.7, 6.8, AF1iBx 47 |ecioze 15 | BFXSOw 80 | 2N918% 2N4058
B.10,15.22,47, 7p; 32, BFXB1#
50.10p: 88100 12p: 1000, B0p: OV 1.0 p: S0. 10p; 220, 10p; 470. 28 40V: 33 p: I8V: 1000, AFN2) SR 3] |EC3 26 RS 20/ 2Nos8 2N406]
38p: 28V: 10, 22, 4 0. 100, 160, 8p: 220, 13p; 470. 640, 21p; 1000, 27p; 2200. 34p; 3300, AFiZ4s 30 |8Cests 30| GLGECY ol oo 2N4002
39p; 4700, 47p; 18V: 10, 40, 47, 68, 100, 128, 220, 4700, 46p; 10v: | AF128% 30 |BCacia 4D e 851) 2N 204 2N4871
4. 100 ep; 6"4’% 210» 1000, 14p; $4V: 3300, 93p; " 70v: 2500, 98p; | AF128% 30 |Bcdeze 30 qiR 80 2N930% 2Na922
9 000, 72p; 40V: 10000, 14 4ooo 70p; 2 ( * 0 | BC648C 48 0 | 2N961 2N513
3 Bp: p; 2500. 88p; 28V: 4700, 48p; 18V: 4500, AF139e 33 [scvios 88 DX 30 | 2N987 INo138
BCY3 1w 88 2N1090
TANTALUM BEAD CAPACITORS POTENTIOMETERS (AB or EGEN) AF179 70 |BCvize 68| BEYB1® 2N1091 INesdy
38V: 0.%uF, 0.22, 0.33, 0.47, 068, 10, Carbon Track, 0.25W Log & O 5W Linear Vaiues ARLBO 70 | BCY34w so | BEYoZe N3N 2N5458
2.24F, 33,4.7,6.8.28V: 1.5, 10 1K) & 2KQ (LIN. ONLY) Single gsng 21p | AF1B1% 48 [6CY39w 120 8FY65 2N1132 2N5459
18V: 104F, 22 10V: 154F, 33, 6V: 47uF 5K0-2MQ single gang 10 | Arias 00 BSY26 2N1301%
3v: 1004F. 5K0-2MQ) single gang D/P switch a1p | AElSS A8 moves 2N1302%] 3N140Y,
ohe Ha o, S 0 L8 | e T P
b 4 40311
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS =] AFZ12 138 AR 2N1305% 4
100V: 0.001, 0.002, 0.005, 0.01 uF 6p | 0-26W iog and linear values 60mm ASY26% 38 EUL0S 2N1306w 43?!::
0.016, 0.02,'0.04, 0.05, 0.056F &p SK(-500KQ single geng a3p | ASY20% 40 M3056% 2N1307+ 40317
0.14F, 0,15 0.2. BOV: 0.47 uF 7p | 10K0-500KQ dusl gang 88, | ASY50 17 MIS00R 2N1308% 40326
50K() Lin 150mm WS 150 £3.00 :[SJZ|20‘4’ f;g m;g;“ 50| Tip32a Nier oo
CERAMIC CAPACITORS PRESET POTENTIOMETERS ) AUI05 138 MJE340% 3233555 403:7
S0V de. Pllquem body 25mm leads. 0.1W 50()}2.5M() Mini. Vert. & Horz. 7p | BCIO7w 9 MJEI7Ow 2N1990% 48 :ggﬂg
Range: 0.5pF to 10,000, 3p | 0.25W 1000-3.3MQ Horizontal sp | BC1078 10 MJE3 71w 2N2160% 80
O D22 uF, 0.374F. 0.087uF 4p | 0.25W 20004.7MQ Vertical 8p | BC108w . MJES20 2N2217% 23 :ggg;:
: = BC108Be 12 MJES21% BB
SILVER MICA (Values in pF) RESISTORS — Eire meke 5% carbon BC108Cw 12 MIE2055% 8 |Tib33ce 130| N321oAw 39 0412
3.3,4.7, 6.8, 12, 33, 47, 50, 76, 82, 85, 100, 120, | Ministurs High Stability. Low noise BC109* @ MJE3O5S 2N2220A% 28 | 40430
150, 200, 250, 300. 330. 360 8p oach ’ 8C1098+ 12 MPF102 2N2221A% 23 40436'
1000, 2200 12p each 025w RANGE VAL 1.99 100+ | BC109Cw 12 m:;:g} 20 2N2222% 22| 40494
gﬁn:uﬂf;yrMsu'ancwou 05w §§31m i i: :::: Sﬁ:}i 16 | 3D139n MPEI0S 42 2;3323: i :3;??
-ToF: 4-16pF; 6.26pF: B-30pF 17e | w 2.20010M E12 3p 2p | BCHIS 18 | 80140 MpSA0S 30 2N2483% 30| 40512
MINIATURE TYPE TRIMMERS 2% 0.26W Mel Fim (Welwyn) E12 now | BC118 1sifisD1a2 msgAgg IR SRR | 53
3.10pF; 3-30pF; 10-40pF; 190pF 20p | Dvelable 8 MPU131% 39 s HEEE osae
2.5-6pF; 5-26pF; B0pF: 88pF 27p TIPA1B% 73| 2N2648 41| 40803% B8
AMYTHM GENERATOR NKT720 36 [ TiP42AN 78| 2N2904w 20| 40636 110
COMPRESSION TRIMMERS {Practical Wirsless May-June 1976) ggglﬁ 12: TIPA2B% 78| 2N2904Aw 24| 40673w  §8
3 20nF, 100.6000F 329 12500F 40p Complete Kit (incl. VAT) TIP2956% @8 | 2N2908+ 18
Ready built (incl. VAT) OC25« 48 | TIP3055% 60| 2N2907% 20| Matched
Send SAE for completa list 0C26+ 48 | TIS43 28| 2N2907A% 22| Paie
- -O0C28w B8 | TIS44 18] 2N2926G 10| 10pextra
JACK PLUGS SOCKETS SWITCHES" ’LIDE 250V: CMOS8
= TOGGLE: 2A, 250 or LINEAR IC’
Screened | Plasuc | Open | Moulded SPST 23\/., u DPC/O |g° 7400 [LO00A 18 1302 .7l x%:ggit oo
chrome body matal with DPDT 29p %A DP p 7401 :OO‘AE 18 | 709c 14 pin 20: MC1310P 3.09
2.5mm 10p [T 8p | bresk 4poleon/ott  3Bp | 4 pole/2.way u, 7402 0Bt e8| 710 43p | MC1312pPQ 1:3:
e ta 100 8p | contacs | SUB-MIN TOGGLE PUSH BUTTON 7403 4007AE PAIC 22p | MC1468FP  78p
| STEREOD 280 “' 13p 17p SP chengeover 48p Spring losded 7405 4009AE 747C 70p | MC1496 op
p p 18p 22p SPSTon/otf  4dp SPSTon/ott  B8p | 7406 4010AE 748C 28p | MC1710CGC  BBp
DPDT 6t 89p SPDT C/over  8Bp | 7407 401 1AE B038CC+  33Bp | MFC4000B 68p
A DPDT Centre oft 88p OPDT6Tag  BBp | 7408 4012AE AY-1.0212 B80p | MFCB040% 138p
2PINL SWITCHES PUSH BUTTON: ) ;:?g T AY-5-1224% ;:09 SR Seor
3,4,5(180° & 240°) 129 ™ Miniature Non Locking T oM 7410 oAt AVT87318 178 | NESIOA 2308
Push 10 Make 18p Push to Break 28p | 7412 AY-5-3500% 610p | NE
- CO-AXIA P 4017AE 556«  41p
O-AXIAL (TV) 14p 10p ustgcx:u {whil )n:? 260V ;:‘3 4018AE ‘:;p zssseoa- o9p
PHONO Bp (Sing ROCKER: (biack) on/off 10A 250V ;:" 7418 :g;g:E 72: NEiS‘.’. :;‘P
assarted colours % 7p (Doub ROCKER: lluminated (whlu) P [ 7417 4 148p | NE5628 o
Metal screened 12p | 10p (Triple) Lights when on. 3A 240 agp | 7420 48%‘212 130p NESB5A: ;:::
5 ROTARY: (ADJUST. 7421
BaRANA mm * | zp,zngg;;zss sTom 1 eoie 1 213 | 7421 3817488 402348 1320 | NESSTVA  2oop
P » ROTARY: Mains 250V AC, 4 Am 280 | 7423 307492 137
b I 8p 4025AE ® | ROM2513w 788p
i R et
TRANSFORMERS® (Mains Prim. 220-240V) DIL SOCKETS" (Low Profile — 7427 74 O2BAE B | femitl
8-0-8V 100mA 90p  30.24.20-15.12-0 8 pin 12p; 14 i qr:jpro"ﬂ'me:“::-) = B o020 E H53 | IEREEEE
808 100mA $8p  2Amultiop  345p+ 24 p0, 30p. e 7430 18 [7497 O30AE k| TERiEEER
12012V KWI?MA  98p  GO.6V 1654 240p+ [— e 7432 28 74100 $0334F ) | (SR
160-18Y 100mA  188p  S0.9v 2A  270p+ | PANEL METERS® Pull sca 7433 43 74108 4034AE 1ooediishzeona
012012V 150mA 180p  Prim. 120/240V, Sec | 58 x 46 x 36mm req. 1% hoie 7437 30 | 74105 oA ul'): Nreoss
0-6 0.8V 280mA  170p 20V @ 264 & 12v @ | ©50sA 0-100mA 50uA.0-60uA 7438 33 |74107 204 2aE 88 R
012012V 0.54 198p+ %A 98p+ | O1004A  0500mA 100uA-0100uA |7440 17 | 74108 4043AE 10 | IS
24024V 0.5A  198p+  LT44 Mini Drmr Pei 0500uA 01 Amp 500uA-0-500uA | 7441 74 | 74110 A044AE ,"" SN78227
300V 1A 24Bp+ 20K Sec. 1K BAp | OImA 050V DC 328 each 7242 74 | 74111 40asaE 120 | LIBMAL L 300 | TAes A
(‘lsl’f}?-s\gvsy 2725:» LT700 Min, O/P Pri. gSmA 0-300V DC EDGEWISE 7443 130 | 74116 284‘?:5 ‘;: LM308 '1:'; mgilﬁ
; 1.2K, Sec. 3 2 10mA . 89
16-0-16V 1A 248p+ MOT Min OQ/P 59‘.: 0-50mA '3u‘ 01;\i,2(;gggm ;::; i+ ;:”g A0S OAERSS, t“m”gég ‘::: o too
18013\/ u 278p+  1.2K, Sec 80 42p | Price £3.08 each Price £4.14 7446 119 | 74120 ook 412 | m3s 143 TADI 10
30-0-3 310p+ 108 x B2.5 x 38mm req. B0mm panel hole 7447 8274124 4055AE W12 | |m3900 @ o
9200816120 14 0-50uA. 0-100uA; 0-500uA €4.40 |7448 80 [74122 SR N2 1 m2s2 u:: 1::3:?8
Multi teppings  32Bp+ DUAL VU METERS (15014 spprox.)  £4.68 [7450 17 | 74123 4070AE 1: M263 780p | TBABS1
(Ploase add 4Bp p&p charge to all prices marked + COPPER CLAD BOARDS: - 7450 17174125 4510aE_ 918 |MC724  188p | T8AS00
above our normal postel charge.) SRBP B 75 x 9.5 asp oPTO* DIODES BRIDGE SCR's®
Fibre Glass 6 x 6 LEDS + Clip AAZ1S  18p | INADO3" REC
Bx12 €840 | 11209 Red14p | AEY11 . 80P | N40OS/S" & (PEIa e | AR 5]
KINOBS- fit %" shaft with grub screws, except B x -~ 118p . . Bp stic case) 1 v 38p | BASO0V 178
K2 (push ) & KB (for shiders). R e | FERRIC CHLORIOE T bag 02 Red 1mp | B0 | T 1| iAtotv 24 [1a200y  aab | Bacow 176
T AstissYoo ety od v | 2ueti S, e | e 1. bag Yolow, Groen, | 5y126  12p [ Marap - ap|1A100v  24p 14200V 47p | 10A500V 210p
Y s e e o | [ o u 85p + 300 P& | ambor  22p | Mote 2p | 3A/100v- 16p|1A200v  28p | 1A400V  52p | 154400V 278p
AT o e A o e 2 Ieostes ~| s ver | Do Sp | 3a/300v' 18p | 1A400V  31p | 1AB00V  70p | 15500V 208p
kne indicater 33mm dism 20p | 4x6vxive  B8h | PEN" + spere ti a P | Sat0 p | 34/600V° 22p(1AB00V ~ 34p [3AS0V ~ 38p | 40430  99p
K4A As above but 25mm diam 18p | vz “P P 8% | pL707 785 | Gaay “l’p 3A/1000V"28p { 2A50V 33p [ 34100V B1p | 40669 95p
K5 Black fluted metal top and skirt P 4P | VEROBOARD' Pitch D727  180p | GA70 44 24100V 40p 130200 80p b
calibrated 0-10. 37mm diam. 2ap | 6xanz” = 01 015 015 An gelEEE 27200V 48p | 3A400V  74p | yOLTAGE
K6 PK2 85 K5, pointer on skirt 248 | Tonzn man Copper e G | o728 180p | U9 12p | hg 33v.33v 28400V Eda 3A600V  99p | MEGULATORS®
K7 Black, knuried, tapered. Meta! Mox2" 28 | 2ux3ur  36p 20  19p | D747 180p | Gags 9P| 400mw - 9p 2AG0OV  88p | SAM00V 105 | 723C_  4f
(oS08 ki Cal 010, 30rm 22 |losesr  1oab | 2%x5° a3 3% 24p | xaN345 3" 0490 F BETTRRETY A [ L T P LT 95p
ack or silvered for slider pot 8p [ 10x4%x3" 3% x A% A3, 40 iy : 2 P TO3 T
K9 Solid alum.. Amplitier knob, Professions R !‘z‘?.: Iixs" a8 53p Goen  1a0p | G331 0 [ vamicaps | 4AS00V 120p | ZNITA4 1836 | 1A sv"™ 1a0p
type, with etch line Indicator 16.5 x 12mm | 12x8x3  180p | 2% x 17" 134p  107p  73p 6" Green180p | 5a200 ap | MVAMT 270p BA100V  73p (7600 180p| 1a12v 140p
diam 24p D% 3ux177 173p 143 985p | MAN3610170p | 0A202 20| MvaM2 Tosp | She00V' Bep ncas 38| 1416V 150p
K10 As above, tapered 18% x 17mm  26p | WEI 198 | 4% x17" 2220 - 145p 4004 85| BBIOSB  23p By122  S4p 1A 18V 185p
K11 Alum. (top hst) Knurled 18mm skirt, | Vero Plastic Pt of 36 pins 28p | MANIB401TOR | g4 4: BY164 5% mriacs: LM309K  150p
notched 30p :::ung frcml:”s . Ec:‘ot face cul!erl §2p | Mnitron ING16 1p Noun Diode DIAC® 34400V 110p MVRS 160p
p* | Pin insertion too 72p | 3015F  125p | N40O1/2° 108p | T2 20p | 64400V 1aap | MVRI2 160p
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CALCULATORS

99 WAYS TO KNOW AND USE YOUR ELECTRONIC
CALCULATOR

L. Frenzel

SCIENTIFIC ANALYSIS ON YOUR POCKEY
CALCULAYOR
Smith £8.25

COMPUTERS AND MICROPROCESSORS =

BEGINNERS' GUIDE TO COMPUTER LOGIC
G. Stapleton £1.95
Grasp quickly computer codes. digital iogic ops and switching circuits

COMPUTER CIRCUITS AND HOW THEY WORK

B. Wells £1.80
Become acquainted with the vanous parts of a computer and its
technology

COMPUTER TECHNICIANS HANDBOOK

8. Ward £3.25
This grant volume compares 1o a 1.000 hour course on computer
mechanics

CONYROL ENGINEERING

N. M. Morris £3.70
This is the 2nd edition of a highly successful book. keeping fully abreast
of developments « control engineering

DIGITAL ELECYRONIC CIRCUITS ANO SYSTEMS

N. M. Moris £2.60
The ideal book tor the enthusast confused by logic and dignal
techniques

MICROPROCESSORS
L. Altman

Gives a general overview of the technology design ideas and practcal
application

MICROPROCESSORS £8.00
B.C. McGlynn

Technology Architecture and Apphcations This introduction provides a
clear explanatian of this important new device

MICROPROCESSORS AND MICROCDMPUTERS
B. Soucek
Describes the apphcation programming and interfacing techniques

£10.80

£15.90

ELECTRONICS

ACVIVE FILTER COOKBOOK
D. Lancaster £9.95
Everything you need 10 know 10 build and use active ftiters

ELECTRONIC ENGINEERS REFERENCE BOOK — 4th EDITION

L. W. Tumer £25.60
A completety new and up-10-date reference book for alt engineers and
students.

BASIC MATHS COURSE FOR ELECTRONICS

H. Jacobowitz £1.75
Quick short cut way 10 learn the language of maths as applied to
electromes

BEGINNERS GUIDE YO ELECTRONICS

T. L. Squires £2.55
Short cut lor those wishing to obtain a quick acquaintance with madern
electronics

BEGINNERS GUIOE YO TRANSISTORS
J. A. Reddihough £2.55

Covers the basic theary and practice of modern transistors

DESIGNING WITH YTL INTEGRATED CIRCUITS

Texas Instruments £8.20
Covers the entire tamily of TTL and .practical applications of circurts o
dgital systems

ELECTRONIC MEASUREMENTS SIMPLIFIED
C. Hallmark £2.10
Covers st about every concewable test or measurement you will need

ELECTRONICS POCKET BOOK
P. McGoldrick £4.15

ELECTRONICS AND PHOTOGRAPHY
R. Brown £2.20

Practical circwit projects devoted ta photography

ELECTRONICS SELF TAUGHTY

4. Ashe £2.20
Covers basic principles of efectromes includes a large number of simple
circuts

ESSENTIAL FORMULAE FOR ELECTRICAL AND ELECTRONIC
ENGINEERS

N. M. Morris £1.20
Handy relerence book ncludes a section on S1 unmits. ressstor colour
codes and preterred values

HOW TO BUILD ELECYRONIC KITS

V. Capel £2.10
Instructs the kit burtder on how to check components. how to assemble
and how 1o cure faults

FIRE AND THEFT SECURITY SYSTEMS
B. Wels £1.90
Selection and nstat r 3 cun ity
devices

HANDBOOK OF IC CIRCUIY PROJECTS
J. Ashs £1.75
rom hi-fi circuits to complete digital counters 1n a single package

HOW TO REAC ELECYRONIC CIRCUIT DIAGRAMS

B. Brown £1.85
Everything y need to know trom basic circuit components ¢
ntegrated circuits

HOW YD BUILD PROXIMITY DETECTORS AND METAL lllCAZI]RS
J. Stuelds
A practical do-it-yoursetf book

HOW Y0 USE IC CIRCUIT LOGIC ELEMENTS
J. Sweater £3.25
Helps those untamiliar with digitat logic circunts

INTEGRATED ELECYRONICS
J. Mitiman £7.15

Using an IC approach the text leads the reader step by step from
semiconductor physics to devices. models, circunts and systems

IC OP-AMP COOKBODK

W. Jung £8.75
Covers the basic theory of IC 0p amps 1n great detail. also inciudes 250
practical ciweun applications.

INDEXED GUIDE YO MODERN ELECTRONIC CIRCUITS

R. Goodman £2.25
Practical Schematics with concise theary and troubleshooting
information

INTROOUCING ELECTRONIC SYSTEMS
1. R. Sinclair £1.75

Prosides a basic insight into what makes electronics “tick

ISNSSYALLING AND SERYICING ELECTRDNIC PRUYECTWE
H. Swearer
Lovers instaliation and serwicing of all electronic security systems

LINEAR ELECTRONIC CIRCUITS AND SYSTEMS
G. Bishop £2.55

fllustrates the use of the op amp 1n many ditferent applications

LINEAR INTEGRATED CIRCUIT APPLICATIONS

G. Clayton £4.90
A practical approach (s pl ghout. ent ng the reader
10 try out devices himself

LINEAR IC PRINCIPLES EXPERIMENTS AND PROJECTS
E."M. Notl

£5.80

An ntroduction to one of electronics most exciting devices.

110 OPERATIONAL AMPLIFIER PROJECTS FOR THE WOME
CONSTRUCTOR

R. M. Marston £2.85
QOuthnes the essential charactensucs of op amps and presents useful
projects

HJ(I]I SEMICONDUCTOR PROJECTS FOR THE HOME CONSTRUC-

R. M. Marston £2.85
Introduces the reader to FET's. SCR's and IC's with tull construction
details ot many uselul circunts,

110 COSMOS DIGITAL IC PROJECYS FOR THE HOME
CONSTRUCTOR
R. M. Marston £3.10

110 INYEGRHYED CIRCUIT PROJECTS FOR THE HWDME
CONSTRUCTOI

R.M Murslon £2.85
All the/projects have been devised, built and fully evaluated by the
author

110 THYRISTOR PROJECTS USING SCR's
R. M. Marston £2.85
A companion 10 the author’s previous books

MOS DIGTAL IC'S

G. flyon £4.50
This book contains information about MOS and CMOS from base
construction 1o circurt apphcation

OPERATIONAL AMPLIFIERS DESIGN AND APPLICATIONS (Burr
Brown)

G. Tobey £6.60
Covers the entire field of ‘operationat amplifiers

PIN POINT TRANSISTOR TROUBLES IN 12 MINUTES

L. Garner £2.85
Complete information on circuit operations. troubleshooting charts and
service procedures

PRACTICAL TRIAC/SCR PROJECTS FOR THE EXPERIMENTER

R. Fox £2.15
Thynistor theory and practical circuils with low cost SCR TRIACs and
DIACs

PRINCIPLES OF TRANSISTOR.CIRCUITS

S. Amos £4.40
Generally accepted as being a standard textbook on fundamental
principles underlying the design of circuits and using transistors

RAPID SERVICING OF TRANSISTOR EQUIPMENT

G. King £2.85
A sysiemalic guide to the servicing of transistor radio television tape
and hi-h equipment

SEMICONDUCTYOR CIRCUIY ELEMENTS

T.D. Towers £6.00
Gives readers an account of all semiconductor devices commercially
available, for each device it covers a general descripuion. circuit diagras
symbols and working principies

SOLIO STATE CIRCUIT GUIDE BOOK
8. Ward £2.15
Step by step instructions 10 design circwifs 10 your own specifications

TRANSISTOR CIRCUIT DESIGN
Texas £8.45

TTL COOKBOOK

D. Lancaster £6.00
Complete and detailed gude to TTL how it works how to use it and
practicat apphcations
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UNDERSTANDING ELECTRONIC CIRCUITS

R. Sinclair £4.00
Describes various circuits encountered today with a strong emphasis on
fault finding and servicing procedures

UNDERSTANDING ELECTRONIC COMPONENTS
R. Sinclair £4.00
Explains abou! components and bridges the gap between elementary

and unappr a

UNDERSTANDING CMOS INTEGRATED CIRCUITS

‘R Melen £3.50
Begins with basic digital IC’s. covers semiconductor physics, CMOS
fabncation technology and design

UNDERSTANDING SOLID STATE CIRCUITS
N. Crowhurst £1.90
Written to service the interests of anyene at sub-engineering lgvel

ELECTRONIC ORGAN BOOKS ==ty

TRANSISTOR ELECYRONIC ORGANS FOR THE AMATEUR

A. Dougfas £4.90
Wiritten in @ simple style. this gives a complete exptanalion of everything
to do with transistorized organs and is profusely. illustrated with clear
dagrams

THE ELECTRONIC MUSICAL INSTRUMENY MANUAL
A. Douglas £8.00
A comprehensive guide 1o the theory and design of etéctronic musical

1S

ELECTRONIC MUSIC PRODUCTION
A. Douglas £3.10
A pracucal quide to the production of electronic music

SEMICONDUCTOR DATA mmrercucn o

INTERNATIONAL YRANSISTOR SELECTOR

7. D. Towers £3.75
it 1akes you tonger than one minute to find out all about transistors.
then you need a copy ol this book

POPULAR YALYE/TRANSISTOR SUBSTITUTION GUIDE £2.15

Substtution data for both valves and transistors in one new volume

RADIO YALVE AND SEMICONDUCTOR DATA

A M. Bail £2.50
Character:stcs of 1.000 valves. cathode ray tubes, transistors. diodes
recttiers and optical semiconductors This new editon (1975) 1s night
up to date and over 450.000 copies have been sold

RADIO AND TELEVISION =

FOUNDATIONS OF WIRELESS AND ELECTRONICS

M. G. Scroggie £4.35
(New 1975 editian) Covers the whaole basic theory, no previous techmical
knowledge 1s assumed

SERVICING TRANSISTOR RADIOS
L. D’Airo £2.30

Complete guide gving theory analysts and servicing techniques.

WORLD RADIO TV HANDBOOK—1976
Complete Directory of radio and tet
contains How to histen to the world

£5.00

and this year

TEST EQUIPMENT AND OSCILLOSCOPES==

BASIC ELECTRONIC TEST PROCEDURES

1. M. Gottlieb £235
Shows how 10 get accurate rmeasurement with VOMs meters and
oscilloscopes

THE 0SCILLOSCOPE
G. Zwick £2.10
Starts from the first principles and takes the reader 1o an advanced leve!

PRACTICAL TEST EQUIPMENT YOU CAN BUILD
W. Green £215
For techmeians. rado / TV service operators and sefious experimenters

RADIO. TV AND AUDMD TEST EQUIP MENT

G. King £4.95
A pracucal guide 1o test instruments and apptcations. concerned largely
with the oscilloscope

TEST INSTRUMENTS FOR ELECTRONICS
M. Clitford £1.65
Easy modificatons to your VOM/VTVM and scope with the aid of this

book

WORKING WITH THE OSCILLOSCOPE
A. Saunders
tncludes workshop test projects with large size drawings

SERVICING WITH THE OSCILLOSCOPE

G. King £5:00
Includes a unique series of pl traces to
be found in normal and faulty equipment. stereo radio. colour TV
Circurts servicing is dealt with

s showing

HOW YO OROER

All prices are correct at the (lime of going fo press but are subject lo
atteration withoul notice. AH prices in

and address cleary-and list each litls and price o

postat arders should be made payable lo EV) Book Service. Books are senl on
seven days’ approval against a fult cash remittance. plus postage. Book stock
is not held at ETI's London offices and orders should be sent to: ET) BOOK
SEAVICE. P.0. BOX 79. MAIOENHEAD, BERKS SL6 2EG.




VOLTS AMPS AND OHMS TO 1% ACCURACY

DiRITAL
MULTIMETE

INTRODUCTION

THIS PROJECT DESCRIBES the
construction of a low cost high
performance digital multimeter,
emphasis has been placed on simple
construction, without sacrifice of the
precision instrument. Anyone who
has had some experience of solder-
ing, and can distinguish one end of a
diode from the other must (with a
little care and patience) be able to
build up this unit. The components
are easy to get, but do not 'be
tempted to use surplus or second
grade components, as the precision
of the multimeter relies heavily on
the quality of its components.

We have arranged with B & H

Components of Leighton Buzzard a
supply of a first grade component
kit.
The construction of the Multi-
meter is simplified by the use of the
three printed circuit boards — one
for the A/D Converter, Ohms
Generator and DC Voltmeter, the
second for Power Supply, Input
Dividers and A/C Rectification. The
third is for the Display.

No mounting procedure for the
components is given, as it is
straightforward, if you follow the
components lay-out! Careful
soldering is required, especially on
the double sided board.

Extreme care should be taken
‘when handling the GZF1200D, as it
is M.0.S. technology, and despite
its input protection vulnerable to
static. The basic handling rule is
that the pins should not come into
contact with anything insulated
from earth. Do not alter the circuit
with the GZF1200D in position, and
most of all do not insert it with the
power switched ‘ON’.

Most ot the complexity of the
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e

circuit has been taken out of the
hands of the constructor, but there
is still a fair amount of interwiring
involved, which means that if the
Muitimeter does not function when

it has been completed, fault finding

will be difficult. It is strongly
suggested that all components with
the exception of the //C should be
checked before assembly.
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POWER GLORIOUS POWER
First assemble the power supply.
Connect the OV output of the
15-0-15 from the mains trans-
former to Pin A, the other 15V A/C
Input to Pins B and C, the 8Volt
A/C to pins BD and BC and the
156Volt A/C to pins G and H.
Connect to the mains and check:
that there exists
+5 to 7volt between D E
—15 to —17volts between F and J
+ 12 to 14volts between AD and D
—12 to 14volts between AR and D
+5 between | and J

HEARTY MATTERS

The second stage the construc-
tion of the heart of the Multimeter
— the A/D Converter, once again
pay special attention to the solder-
ing. L1 will be glued in position
between the two links.

DISPLAY OF WORK

The next stage is the display,
insert the L.E.D. in place and
connect to the A/D Converter as
shown on the components lay-out.
Do not forget the shorting links. For
the time being connect PinW to +5
and short out PinY and PinZ and
- connect the A/D Converter Input to’
earth. (Note that Zero volts is not
earth). Connect pinW3 to —15volt,
W4 and +5V, W5 to —V, the leg of
C2 nearest to R10 to earth and W6
to +5V. Switch on and check that
the voltage did not drop too much.

If everything is okay, switch off
and carefully insert IC1, IC2 and
IC3 and switch on. The display
should light up, and begin changing
numbers in a random way. Adjust
P1 until the display reads 000, the
optimum setting up being when the
polarity indicator keeps changing
from negative to positive.

GENERATING AN OHM OR TWO
Fit R27 to R31, connect W10 to
PinE and Pin AH, W16 to earth,

W12 to +12Volt and W11 to
—12volt. Disconnect A/d Con-
verter input and connect it to W25
for the time being (W14 to middle
point of S3). Connect W13 to
middle point of S3). Connect W13
to positive input on front panel and
W15 to negative input. Connect M
to pin 1 of S3 (0.1 range), N to Pin
2 of S3 etc .

Switch on, short out positive and

Use the ohmeter to make up R45 '
(0.1Q). Switch the range switch to"
0.1 and with the input probes
measure the length of resistive wire
for a reading of 0.1. Cut the wire to"
size and insert in position R45. You
can now disconnect W25— W15
and W13. .

VOLTS FOR OHMS

Now we come to the DC

Voltmeter.

" [[]]

28 27 24 22

*5 5 eci07 | ec107 | Bew7 | ecior
\ T T2 13 T4

vl W R N R R

R22220R L

R23 220R I I | | I—I I I
C . .

?%137 | R17 & R19 2z
ZR15 ZRI16T > R

~a7R | ZR1B | SR20 P47R

47R
4R | 2R
BCi0Y 5 13 12 110 8 15 14
5
+5
.

1C2 74247 OR 78474 A
s

? 1 2 6

|

<
SR14
"33k
i1
GZF 12000
VR{ 204V} 20
c3 ?
976k
; W—s
nF Ri+208V) ; |,
48K7 A2
c2 <
25
§ 10.F
< RY L1
511 3 B3
15
INPUT 16
o0— €52 220pF 17

18

26

4 21 19

I Y

* MATCHED ‘1R

15v
787R R6 1kS R7976R 220R P2 R81430R" R1068R1 R11 68R1| R1278R7 RO 1430°
R4 ¥, 10v ZENER Y c2v zener 2R3
D1 b2 768R

Fig. 2. Circuit of the A/D convertor section of the multimeter.

)

negative Input on front panel,
switch range to position 10 and
adjust P3 for 000 reading on
display. Now connect a 100QQ 1%
resistor in place of the short on
positive and negative input on front
panel (the display should read
something round 1000), adjust P4
for a reading of just 1000.

If the input is open circuit, the
resistance is going to be infinite, too
high for the Multimeter to measure
so it will display (the overload
condition) 1048 with the condition
top bar of the 1 only being
displayed.
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Temporarily connect A/D Con-
verter input to W7, fit R36 to R40
and C13 to C17, and connect:

A1 to Pin 1 S2 (0.1range)

AJ to Pin 2 S2 (1 range)

AK to Pin 3 S2 (10 range)

AL to Pin 4 S2 (100range)

AM to Pin 5 S2 (1000range)

W1 to middle point S2, and

(temporarily) middle point S2 to

earth. Select range. 1 and switch on,

adjusting P5 for 000 reading.

Switch OFF and disconnect the wire

between earth and the middle point

of S2. Also disconnect W1 from S2.
" Since the ammeter circuitry is

common with that of the voltmeter,

it too is now set up.

Fit R41 to R45, connect AG to
Pin D on power supply AB to Pin 1
S1 AC to Pin 2 S1 AD to Pin 3 S1
AE to Pin 4 S1 AF to Pin 5 S1 Pin J’
to middle point S1 Pin K to Pin 14
S6.

INTERWIRING

Put in place S4-S5-S6-S7, cut-
ting off the unnecessary tags, and
fit the latching assembly (see Fig.
10). Fit the volt input jack and by
following the wiring diagram, inter-
connect boards and switch. (Do not
forget to plug in the 16 D.l.L.
moduie containing the protection
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PARTS LIST

DC/AC VOLTMETER and AMMETER (front end):

R36 3.83mQ

R37 383 KQ

R38 38.3KQ

R39 3.83 KQ

R40 425Q

R41 1K(}

R42 100Q S
R43 10Q

R44 1Q

R45 0.1Q (see text)
R46 1KQ

R47 1KQ

R48 5620Q

R49 56200}

RS0 2740Q

RS1 47{2

All resistors ¥ to %2 watts 1% or better.
C13 1nF 250V sufflex or similar
C14 Variable capacitor 6 to 60pF submin (round)

C15 220p sufflex

C16 2.2nF 250V suftlex

C17 22nF 250V sutflex if possible ™ b
C18 1nF 250V sufflex

C19 100nF C280 mullard

€20 100nF C280 mullard

C21 4. 7uF 10V

C22 10uF 10V

C23 10xF 10V

D10 3.3V zener 400mW

D11 3.3V Zener 400mW

D12 IN4148

D13 IN4148

iC5 305-945 (F.E T. input op Amp) Radio Spare

circunt fuse holder (20mmy)

OHMS GENERATOR

R27 5100 1%

R28 ' 5.1KQ 1%

R29 ~ 51 KQ 1%

R30  S10KQ 1%

R31 5. 1MQ 1% ¢
R32 47Q1%

R33  10KQ 1%

R34 10K 1%

R35  1KQ 1%

P3  10KQ multiturns cermet
P4 2201) preset (submin)

c11 100nF 250V (C280 mullard)

c12 100nF 250V (C280 mullard)
3.3V zener 400mV (D7-D8)
5.1V zener 1W (D9)

POWER SUPPLY (MAINS)

Tx1. Special mains transformer (15-0-15)
2 amp fuse
Fuse holder 20mm panel mounting
BR1 and BR2 Bridge rect. (50V-2amp)

Reg 1 Regulator LM 7805 (Radio Spare)
C6 10C8 500 uf 25V

c9 1000 uf 15V

T7 TIP 42

D3 5.6V zener 400mW

D4-D5. 12V zener 400mW

D6 IN4002

c10 100 uf 10V

R24 820Q Yaw 5%

[R25-R26 4300 Yaw 5%

4 pole changeover switch (R.S. 338-636)
6 pole changeover switch (R S. 338-440)
Latching assembly (R.S. 338-254)

100Q 10%
2 pole 6way miniature switch (R.S. 327-355)
Switch mechanism (R.S. 327-311) ’
Knobs to fit changeover switch

Knab to fit range switch
cin of constantan 4/10 wire

strip of soldercon pins (100)

50 Vero pin 0. 1pich

Input banana socket (1red — 1black) -
A Fuse holder {(panel mounting) Dia. 20mm
lamp fuse

Jack socket 20mm 4,
.16 0.1 L. module case (R S. 401-841)
Vero box with handle (R.S. 509-383)

R N Y K I S T

1
1
1
1

(alternative 3p to 40pF Radio Spare no. 124-027)

s REGT e +5v TO
LM 7805 OHMS
REF
C
Tx1 ————{
| :I c10
|
i1 B1sv  BRIOSE +av
1]
11
1l £
11
L
{1 -12v
11
’OU' 1 BRIDGE R25
| | RECT 2
220v I B8y - 5By
53v
- 3
e _L ™ A ZEner
Yy
( (' 1000 820 Dz
ih Co| R 24 6%7
$ X Ov
L TIP42 ’
ik
1!
15v ==} 500 pt
1) c6
il 8 IN 4002
e é —15v
D6

F2 100mA annt surge fuse (20mm) . . . . Pnnted

Fig. 3. Power supply circuit.
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A full kit c_>f parts for

the meter is available
from B.H.Components
— see ad on page 71.




F—————

diodes). Due to wire resistance the
zero set pre-sets P3 for ohms and
P5 for volts may have to be slightly
reset; if you want to check or reset
the - zero setting of the A/D
Converter, remember to short its
input to earth.

FINAL SETTING UP

A reference battery will be
needed for a precise setting up
.(Weston type). Select D.C. range 1
and adjust P2 until the display reads.
1.019, reverse the input lead and
the reading should not change with
the exception of the polarity indica-
tion. _

For the ohmeter, simply connect
a 1000-% or better resistor and
adjust P4 for correct reading. On
the 0.1 range setting it is almost
impossible to obtain due to the
resistance of the wiring and the
internal noise generated by the 741
(IC4). The resolution should be
around 1/10th. This setting up
should be satisfactory for most
uses, but if extra precision is
required, select AC volit range 0.1
and inject a 1Khz sine wave of
enough amplitude to Display 1999,
change to range 1 and adjust C14
for a reading of 1/10 of the
preceding one.

CONCLUSION

As described, this Multimeter
‘should give you a general accuracy
-of =1%. The danger with a digital
machine is to believe that the
displayed value is absolutely cor-
rect. Alas, there is always some
inexactitude and no equipment in
the world can escape this!

Acknowledgments are due to Mr
C. Brown of Credshire Ltd, B H
components of Leighton Buzzard —
not forgetting M. Bellamie.

“PARTS LIST

CONVERTER AND DISPLAY

BC 107 (T1 10 T5)

8C 187 (T6)

DL 701 Display

DL 707 Display

74247 or T447A (IC2)

741 (IC3)

GZF1200D (IC1}

10V Zener 400mwW (D1)

6.2V Zener 400mW (D2)

10nF 250V (10%) C280 mullard. (C1 and C2)
1nF 250V (sufflex) 10% or better (C3)

330pf 250V (sufflex) 10% or better (C4)

220pf 250V (sufflex) 10% or better {C5)

choke 300 turns. 38swg. on 25 x 4 fernte rod L1
91 K 1% (R1)

48.7 K} 1% (R2)

51.1 KQ 1% (R3)

15 K 1% (R5)

787Q 1% (R4)

1.5 Kr 1% (R6)

876() 1% (R7)

1430() 1% matched * 1} (R8 and R9)

10.50 1% (R10)
68.10 1% (R11)
78.7Q 1% (R12)
7680 1% (R13)
33 KQ 1% {R14)
47} 10% (R15 to R21)

2200 5% (R22 to R23)

10 K{) submin vertical preset (P1)
220q) submin verucai preset (P2)

{ALL RESISTORS % to Yawatt}

VINPUT

I
WF \J 3 38m
fi60 9€c 4 S R36
2208 3 BWH Y
€15 2 Ay s2
p—————O
22F Lcwe & 38 %
I < A3 P
22.F <mgi7 $ I8N
ZRw . D10 74
;; 425R
< R40

B \c

A INPUT F2 6
—

R41 1%

R42 100R

j

R4310R

s1
Ra4 1R 0

Ras 0R1 /

an

Fig. 4. Front end amplifier circuit.

TO A/D

S5 CONVERTER
Ac INPUT
1N4148

Rx1 Rx2
R27
5100
R28
51KQ
R29
51KQ S$3
Rs0 e
510KQ o b 3s
R31 10KQ
5IMQ
REF oy 33 2200 / 10
x 3, A/D
10KQ
w ZENER ‘[p7 TDs ] §M%LTITURN , Conver R
P3 INPUT
y yFApan 777777 l KO 10KO
D9 100 pt R35 R34
‘ cn
/777

,{12v

Fig. 5. Ohms generator circuit.

HOW IT

The heart of this meter is the + \/D
converter built around the GZF 1200F.

The supply voltage required for this is not
critical. 8.75-10.6V" with a current cor-
sumption of 10ma max. A precision divider
chain establishes the variousreferences
needed in the circuit. .

The initial voltage of —13 to —15 is held|
to —10V by a zener,and this teeds the input
buffer 741. The remainder of the divider
supplies the reference of + 2.04 and —2.04V
. The input buffer is working as an
inverter,and if its input is +, the output
is —. The chopper output determines the
system sensitivity (here about 10)

We only need 200mv for 2000 display
points,equal to 0.1mv per point.The null for
the 741 is set by the 10k pot.

In the D.C. mode the polarity indicator
is on permanently, the vertical bar to
indicate + is controlled by a transistor and
a diode

When the input is + the polarity output

WORKS

is low, which allows a current flow in the
vertical bar of the display.

A word of advice on the voltmeter,
although the circuit allows measurement
of voltage up to 1000V, the range switch
will not like this too often, and so a probe
resistor of 38.3M is suggested for voltages
above 750V.

The ohm-meter circuit uses a 741 as a
current generator, the reference coming
from the PSU. This is fed to the op-amp
input via the ranging resistors. The gain of
the stage is set by the value of the ranging
resistors, and the feedback resistor RX,
which is that under measurement. «

" Since the output is clamped .as 5V, the
output is directly proportional to RX.

if the input is left open circuit, the
effective resistance is infinite, and the
meter goes to overload, displaying 1048,
with only the top half of the one being
displayed.
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Audio
THE firm
for
speakers!

Baker Group 25, 3, 8, or 15 ohm £9.00
Baker Group 35, 3. 8 or 15 ohm £10.75
Baker Deluxe, 8 or 15 ohm £12.38
8aker Major. 3. 8 or 15 ohm £10.69
8aker Regent, 8 or 15 ohm £9.00
8aker Superb, 8 or 15 ohm £16.31
Celestion MH 1000 horn, 8 or 15 chm £13.50
EMI 14" x 9'' bass 14A/700 8 ohm £11.92
EMI 8 X 5, 10 watt, d/c, roli/s 8 ohm £3.56
Elac 59RM 109 15 ohm, 59RM114 8 ohm £3.38
Eiac 6%:' d/croli/s 8 ohm £3.83
Elac 10’ 10RM239 8 ohm £3.83
Fane Pop 15 watt 12" £5.50
Fane Pop 55. 12 60 watt £15.50
Fane Pop 60 watt, 15'* £17.95
Fane Pop 70 watt 15 . £18.75
Fane Pop 100 watt, 18" £27.95
Fane Crescendo 12A or 8, 8 or 15 ohm £37.95
Fane Crescendo 15, 8 or 15 ohm £49.95
Fane Crescendo 18. 8 or 15 ohm £67.95
Fane 8017 8" d/c roll/s 8 ohm £8.96
Goodmans 8P 8 or 15 ohm £6.20
Goodmans 10P 8 or 15 ohm £6.50
Goodmans 12P 8 or 15 ohm £14.95
Goodmans 12P-D 8 or 15 ohms £16.95
Goodmans 12P-G 8 or 15 ohms £16.50
Goodmans Audiom 200 8 chm £13.46
Goodmans Axent 100 8 ohm £7.60
Goodmans Axiom 402 8 or 15 ohm £19.80
Goodmans Twinaxiom 8'‘ 8 or 15 ohm £9.50
Goodmans Twinaxiom 10’ 8 or 15 ohm £9.86
Kef T27 £5.18
Kef T1S £6.25
Kef 8110 £6.75
Ket 8200 £7.85
Kef 8139 £15.08
Kef DN8 £2.08
Kef DN 12 £5.39
Kef DN13 £4.05
Richard Allan CG8T 8'' d/croll/s £7.65
STC 400 1 G super tweeter . £5.90
STC 4001 K super tweeter £5.90
Baker Major Module, each £13.28
Goodmans Mezzo Twinkit, pair £46.50
Goodmans DIN 20, 4 ohm. each £13.28
Helme XLK30, pair £21.95
Helme XLK35, pair £26.75
Helme XLK40, pair £38.50
Kefkit I, pair £51.00
Kefkit 11, each £46.00
Peertess 20-50, pair £39.50
Peerless 20 60, pair £53.00
Richard Allan Twinkit, each. £13.46
Richard Allan Triple 8, each £20.25
Richard Allan Triple 12, each £25.16
Richard Allan Super Triple, each £29.25
Wharfedale Linton 2 kit, pair £21.50
Wharfedale Glendale 3 XP kit. pair £47.50
Wharfedale Dovedale 3 kit, pair £59.40
Wharfedale Super 10RS/DD £13.50
Castle Super 8 RS/DD £9.28
Jordan Watts Module 4, 8 or 15 ohm £15.36
Tannoy 10'* Monitor HPD £78.00
Tannoy-12‘" Monitor HPD £86.00
Tannoy 15’ Monitor HPD £99.95

Prices correct at 5.8.76
ALL PRICES INCLUDE VAT
Cabinets. wadding. Vynair, crossovers etc
Send stamp for free bookiet "Choosing a Speaker

FREE with all orders over £10 — “HiFi
Loudspeaker Enclosures’” Book

All units are guaranteed new and perfect

Prompt despatch

Carriage. Speakers 55p each, 12" and up 8Sp each
tweeters and crossovers 33p each. kits£ 1 each (£2 pair)

WILMSLOW AUDIO

Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF. Tel. Wilmslow 29599
(Discount HiFi, PA and Radio at 10 Swan
Street, Wilmslow)

Access and Barclay Card orders accepted by
phone.

BUILD THE

TREASURE
TRACER
MK

AS SEEN
ON BBC-1
& BBC-2

TV

e Genuine 5 silicon transistor Eucmt
does not need a tramsistor radio to
“operate.

! e Incorporates umque varicap tuning

for extra stability.

[ e Search head fitted with Faraday
screen to eliminate capacitive
effects.

e Loudspeaker or earphone operation
(both supplied).

o Britain’s best selling metal locator
kit. 4,000 already sold.

o Kit can be built in two hours using
only soldering iron, screwdriver,
pliers and side-cutters.

o Excellent sensitivity and stability. H

e Kit absolutely complete including

" drilled, tinned, fibreglass p.c. board
with components siting printed
on.

o Complete after sales service.

o Weighs only 220z; handle knocks
down to 17" for transport.

Send stamped, self-addressed en-
velope for literature.

Complete kit
with pre-built £1 2 50
search coll b, 85p P & P

Plus £1 00 VAT 8%)

Built, tesfed
and Guaranteed u 5

Plus 85p P & P
Plus £1.40 VAT (8%)

MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford
LONDON E18 2AN

{Mai! order only)
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4600 SYNTHESISERS

All parts stocked for this brilliantly designed
synthesizer, including all PC8s, metalwork and a
drilled and printed front panel, giving a superb
professionat fimsh. Opinions of authority agree the
ETI Synthesiser is technically superior to most of
today’s models. Send £1.50 for construction book or
s.a.e. for specification

100W STEREO DISCO

Features: Voice operated fader, belt-drive turntables
100W rms per channel Monitor  facilities
theadphones and VU meters). Sound operated light
show — plus . Send just 20p for our construction
leaflet MES 41,

ELECTRONIC ORGAN

8uild it yourself — in stages — Start with a 49-note
instrument — features tremulant and reverb. Ideal to
learn on. Leaflet MES 51, price 15p * % # Add
another keyboard and several new tone colours with
ieaflet MES 52, price 15p; Also shows how to use
61-note keyboards % * & Fully controllable attack and
decay {normally found only on the most expensive
organs). up to seven footages on each keyboard. up
to 70 controls. including drawbars and 13-note
pedaiboard are the additions described in the
step-by-step leaflet MESS3. price 35p.

GRAPHIC EQUALIZER
A superior quality stereo graphic equalizer 9
octaves per channel. All parts stocked (except
woodwaork) including metalwork drilled and printed.
Reprint of article. 15p.

DIGITAL CLOCK KITS L
(Al prices include VAT & P&P)

Simpie Clock Kits, £9.38. Alarm Clock Kit. £10.99,
Alarm Clock and Radio Controller Kit, £11.59.
{Smart plastic case with fully punched chassis
£2.49). All above include our fully built and tested
electronic clock module (available separately —
£8.60). Data sheet {supplied) shows how simple it is
to connect alarm and your mains/battery radio
Clock has bright red 4-digit 0.5" display — Flashing
Colon Switch to Display Seconds — Alarm Set
Indicator — P.M Indicator — Power Failure indicator
- Sleep Timer -~ Snooze Timer. etc SAE piease for
clock data sheet

ORDER OUR 1977/78
CATALOGUE NOW

Details in coupon on cover % % % % Everyone ordering
before publication date will receive a pack of ten
super special offer coupons giving big discounts on
ten different popular items — YOU COULD SAVE
POUNDS!! — SO DON'T DELAY FILL IN AND POST
THE COUPON NOW

Here are just some of the new projects in the
catalogue:

Muiti-channel audio mixer — 13-note foot pedal unit
for guitarist or organist — novel intercom system —
low distortion sine wave oscillator — battery
eliminators and voltage converters, etc., etc.

MAPLIN ELECTRONIC
SUPPLIES

P.0O. BOX 3, RAYLEIGH, ESSEX $$6 8LR

Shop: 284 London Road, Woestcliff-on-Sen,
Essex (closed on Monday). Tel. Southend (0702)
44101
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The LM388 is an array of three NPN transistors on the
same substrate with an audio power amplifier similar to
the LM386.

The smplifier inputs are ground referenced while the
output is sutomatically bissed to one half the supply
voitegs, The gain is internally set at 20 to minimize
external parts, but the addition of an external resistor
and capacitor between pins 4 and 12 will increase the
gain to any value up to 200.

The thres transistors have high gain and excelient
matching characteristics. They are well suited to 2 wide
variety of applications in dec through VHF systems,

To make the LM389 a more versatile amplitier, two pins
(4 and 12) are provided for gain control. With pins 4 and
12 open, the 1,35k resistor sets the gain at 20 {26 dB).
If a capacitor is put from pin 4 to 12, bypassing the
1.35 k§2 resistor, the gain will go up to 200 (46 dB). If »
resistor is placed in series with the capacitor, the gain
can be set to any value from 20 to 200. A low frequency
pole in the gain responseis caused by the capacitor
working against the external resistor in series with the
15082 internal resistor, [f the capacitor is eliminated and
a resistor connects pin 4 to 12, then the output dc level
may shift due to the additional dc gain. Gain controi can
also be done by capacitively coupling a resistor {or FET)
from pin 12 to ground.

Additional external components can be placed in paralle!
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For
example, we can compensate poor speaker bass response
by frequency shaping the feedback path. This is done
with a series.RC from pin 1 to 12 (parallsling the inter-
nal 15 kS resistor). For 8 dB effective bass boost:
R 2= 16 k§2, the lowest value for good stable operation is
R = 10 k§2 if pin 4 is open. If pins 4 and 12 are bypassed
then R s low as 2 kS can be used. This restriction is
because the amplifier is only compensated for closed-
loop gains greater than 8V/V.

The LM389 has excellent supply rejection and doss not
require a well regulated supply. However, to eliminate
possible high frequency stability problems, the supply
should be decoupled to ground with a 0.1uF capascitor,
The high current ground of the output transistor, pin 18,
is brought out separately from small signal ground,

LM 389 LOW VOLTAGE PREAMP AND TRANSISTOR ARRAY

pin 17. If the two ground leads sre returned separatsly
to supply then the parasitic resistance in the power
ground lesd will not ceuse stability problems. The pera-
sitic resistance in the signel ground can cause  stability
problems and it shouid be minimized. Care should also
be taken to insure that the power dissipation does not
excesd the maximum dissipation of the package for a
given temperature, There are two ways to mute the
LM389 amplifier, Shorting pin 3 to the supply voltage,
or shorting pin 12 to ground will turn the amplitier off
without affecting the input signal.

NATIONAL

The schematic shows that both inputs are biased to
ground with a 50 kS resistor. The base current of the
input transistors is about 250 nA, so the inputs are at
about 12,56 mV when left open, If the dc source resis
tance driving the LM389 is higher than 250 k&2 it will
contribute very little additional offset (about 2.5 mV at
the input, 50 mV at the ocutput), If the dc source resis-
tance is less than 10 k§2, then shorting the unused input
to ground will keep the offset low (about 2.6 mV at the
input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by

schematic g ®
179435 Ol

b 4

" !!

x %% 3% = Jj

The three transistors on the LM389 are general purpose
devices that can be used the same as other small signa!
transistors. As long as the currents and voiteges are kept
within the absolute maximum limitations and the
collectors are never at a negative potential w.th respect
to pin 17, there is no limit on the way they can be used,
For example, the emitter-base breskdown voltage of
7.1V can be used as a zener diode st currents from
1uA 10 5 mA, These transistors make good LED driver
devices, Vgat '8 Only 160 mV when sinking 10 mA,
In the linear region, these transistors have been used in
AM and FM radios. tape recorders, phonographs, and
many other applications. Using the characteristic curves
on noise voltage and noise current, the fevel of the
collectol current can be set to optimize noise perfor-
mance fnr a giver source impedance

ELECTRICAL CHARACTERISTICS Ta-2°C
PARAMETER | CONDITIONS | T UNITS
AMPLIFIER
Vg Operating Supply Voltage 12 v
la Quiescent Current Vg =6V, V)y =0V (] mA
P, Output Power (Note 3 Vg =6V, R, =B
out P ( ) THD = 10% 'S N 325 mw
Vg =8V, R, =180 500 mw
Ay Voltage Gain Vg =6V, = 1kH2 26 dB
10uF From Pins 4 t0 12 48 dB
BW Bandwidth Vg = 6V, Bins 4 and 12 Open 250 kHz
THD Total Harmonic Distortion Vg = BV, R, 4 8Q, Py = 126 mW, 0.2 %
f= 1kHz, Pins 4 and 12 Open
PSRR Power Suppty Rejection Ratio Vg =68V, t= 1kHz, Cqypass * 10uF, 50 dB
Pins 4 and 12 Open, Referred to Output
Rin input Resistance 50 (1]
Vaias Input Bias Current Vg = BV, Pins § and 16 Open 260 nA
TRANSISTORS
Vceo Collector to Emirter le=1mA, ig=0 20 v
Breakdown Voltage
Vcao Collector to Base lc = 10pA, fg =0 40 A
Breakdown Voltage
Veio Collector to Substrate lc = 10uA, g =g =0 40 v
Breakdown Voltage
Veao Emitter to Base lg = 10KA, Ic = 0 71 v
Breakdown Voltage
Hee Static Forward Current Ic = 10uA 100
Transfer Ratio [Static Beta) Ilc =1mA 275
Il = 10mA 275

a8

putting a resistor from the unused input to ground, equal
in value to the dc source resistance. Of course all offset
problems are sliminated if the input is capacitively
coupled.

When using the LM389 with higher gains {(bypassing the
1.35 k§ resistor between pins 4 and 12) it is necessary
10 bypass the unused input, preventing degradation of
gain and possible instabilities. This is done with a 0.1uF
capacitor or a short 1o ground depending on the dc
wource resistance of the driven input,

ABSOLUTE
MAXIMUM RATINGS

Supply Voltage 18v
Package Dissipation (Note 1) 828 mwW
Input Voltege 0.4V
Storage Temparature -85°C 10 +150°C
Operating Temperature 0°C 10 +70°C
Junction Temperature 180°C
Lead Temperaturs {Soldering 10 seconafi 300°C
Collector 1o Emitter Voltage, VCEQ v
Collector to Bess Voltage, Vo BV
Cotisctor 10 Substrate Voltags, Vo (Note 2) /v
Collector Current, Ig P mA
Emitter Current, Ig 26 mA
Base Current, Ig S mA
Power Dissipatlon {Each Transistor) Ty < +70°C 150 mW

National Semiconductors
Larkfield Industrial
Estate, Greenock,

Scotland.
TELLLETEL L
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FIGURE 1 Tape Recorder
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LIG FREQ -
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FIGURE 2 Siren FIGURE 3 Voitage-Controlied Amplifier or Tremelo Circuit
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FIGURE 5 Noise Generator Using Zenor Diode

FIGURE 4 FM Scanner Noise Squelch Circuit
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MK 50395N 6 DECADE COUNTER AND DISPLAY DRIVER MOSTEK

L - t

The MK 50395 is an ion-implanted,
P-channel MOS six-decade synchronous
up/down-counter/display driver with com-
pare-register and storage-ldatches. The
counter as well as the register can be loaded
digit-by-digit with BCD data. The counter has
an asynchronous-clear function.
" The six-decade counter is synchronously
incremented or decremented on the positive
edge of the count input signal. A Schmitt
trigger on this input provides hysteresis for
protection against both a noisy environment
and double triggering due to a slow rising
edge at the count input.

The count inhibit can be changed in
coincidence with the positive transition of the
count input; the count input is inhibited
when the count inhibit is high.

The  counter ‘will increment when up/
down input is high (V) and will decrement
when up/down input is low. The up/down
input can be changed .75 us prior to the
positive transition of the count input.

The clear input is asynchronous and will
reset all decades to zero when brought high
but does not affect the six digit latch or the
scan counter.

As long as store input is low, data is
continuously transferred from the counter to

. the display.Data in the counter will be
latched and displayed when store input is
high. Store can be changed in coincidence
with the positive transition of the count
input.

The counter is loaded with BCD data, dugn
by digit corresponding to the digit strobe
oufputs. BCD thumb-wheel switches with
four diodes per decade connected between
the digit. strobe outputs and the BCD inputs
will load the counter when the load counter
input is taken high. Counter input is inhibited
while the load counter input is high. The load
counter input must remain high a minimum
of six digit strobe output periods.

" PARAMETER I’w’u& 1 max
Count Input Frequency 0 T 1t MHz 7
Scan Input Frequencv i> 0 7 T ;;) KiHZV |
Count Puse Wigth I}&{ .
soepuseman 20 o us |
Store Setup Time t 0 ] us 7
Countinhibit [ N

Setup Time 0 | us
|UoiDown sewp 1o

Time | =75 us
Cle-a; -Pulse \;I-|d_(h o y 2.0 o us -
ICIear Setup Time : 0.5 I " ]
Zero Access Time : ' 3.0us ,
Zero Hold Time | l 1.5us . ]
Car_ry.Access Tume o ) i l.sy-s V ‘
jCarry Hold Time | 09us J
Foret il A
Equal Hoid Time 1.5us
[aatime et |
ﬁn}JJ.'[;w Volage, 0" | Voo | 02VgV
|mp:.'g.;h'v°n;g;" Tl e ] ve v
|0ulpul Vollage O_M@ :;(‘J;"A i 0—2Vss V_—
\Oumut \/ol(age @ 1.5 mA O.Bll_s; ) o -\/ -
rOulpul Currenl”l’ T o ! T
) digit strobes 30 mA
f segment outputs 10.0 mA :
:Scan Inpu( Pullup C:rrem @OVI i I ‘5‘5~ m/; I
|(s:‘l:‘ar'r‘e::;pé1)t1Pulldown L 2 l ’EB‘ ;’A -
. SET Input Pullup Current @ ov| 5 ‘ 60 u A
Ia;a-;ng_‘r;mperéture o 'T B -0 0 C l
ISuppIy Voltage (;/DDY ov) i - IO_ 75'V )
rSupply Currenl a 46 7mA4
L?srfgrﬁgﬂfr\n\y/%ﬁ%e sA) # Yssisl_

The register is loaded with BCD data
digit-by-digit corresponding to the digit
strobe outputs. BCD thumbwheel switches
with four diodes per decade connected

between the digit strobe outputs and the -

BCD inputs will load the register when the
load register input is taken high. The load
register input must remain high a minimum
of six digit strobe output periods.

This register is a static register and will not
be cleared by the clear input.

BCD or seven segment outputs are
available. Digit strobes are decoded internal-
ly by a divide by six Johnson counter. This'
counter scans from MSD ‘to LSD. By
bringing the SET input low, this counter will
be forced to the MSD decade count. During
this time the segment outputs are blanked to
protect against display burn out.

Both the segment outputs and digit
strobes are blanked during the interdigit
blanking time. Leading zero blanking effects
only the segment outputs. This option is
disabled by bringing the LZB input high.

BCD output data changes at the beginning
of the ‘inter-digit blanking time. These
outputs are CMOS compatible.

The MK 50395 has an internal oscillator.
The ffequency of the scan oscillator is
determined by an external capacitor between
Vg and scan input. The wave form present
on the scan oscillator input is triangular.

Typically, the scan oscillator will oscillate
at the following frequencies with these
nominal capacitor valves from Vg, to scan
input.

Min Max
820 pF 1.4 KHz 4.9 KHz
470 pF 2.0 KHz 3 6.8 KHz
7.0 KHz 20 KHz

120 pF

|

This device is available from Bywood Electronics, 68 Ebberns
Road, Hemel Hempstead Herts HP3 9QRC Price £14.50

(I inclusive
T r - _n
] Ii o :
Eg—’—1
=N Ves 1] [+d} uP/ DoWN
5 = H o SET [2] [39] zero
, — || =
1t - I - ‘ 78 3] [38] carmy
e N J — L. ’ i a [4] E COUNT INHIBIT
] PR W l\ b E 36 COUNT
o e [ =iy \
e ] T ] R [ | e D DR
AEAEE Lo "B S
i e [o] 33 r IN
L couranaton }—--—om v c
s | LIITTT ] ' = R
et - I S m B 9 (1o MK50395 O e ey
Jtpd <1 I m 30] LOAD REGISTER
i 8CD 8 [2] 2 06 msD
' out c 3] 28] D g
D E z] D4 DIGIT
STORE (9] 2] 03 Strobes
i Co E ER
COWTER C°¢ (] e o, LSD
8CD IN  Cgq [ig] 23] EQuAL
c, [9] 2] Voo
Fig 1. Functional diagram CLEAR [20 [21] scan
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After testing the power amplifiers
switch off and remove from both the
wire connecting them to the power,
supply OV: When the disco is
completed the power amplifiers will
be earthed from the preamplifiers.
To the wire joining the two capaci-
tors C6 and C6 should be connected
the centre tap of the transformer’s
32-0-32V winding, the. mains earth
(which should also be connected to
the chassis of the transformer), the
negative connection from each
loudspeaker and a wire from the
tone contro! board.

BOARD ASSEMBLY

Fit the components to the front
panelasshownin Fig. 19. Thesliders
should be fitted using Y%in x 6BA
spacers and 6mm countersunk
screws to give the correct spacing
for the knobs. Mount the mixer
resistors on VR1, 2, 4 and 5 and the
four resistors on VR16.

Fit wiring pins to the P.C.B.'s,
and mount all components. The
fader, pre-amp and tone control
boards are to be mounted close to
their controls, on the front panel.
Whilst these boards could be bolted
directly to the front panel, this
would result in a disorderly
arrangement of screwheads being
visible. A better system is to glue a
piece of wood (540 x 42 x 10mm)
to the front panel and mount the
P.C.B.’s by on this.

FRONT PANEL

A separate power distribution
point of two 4-way tag strips is fixed
close to the tone control board,
ensuring ‘that the front panel does
not foul it when closing.

Fig. 9 shows the overlay for the
P/U board, note that two of these
boards are required (one for each
deck) and the overlay shown is for
Deck 1

Use a low capacity screened
cable for the connections between
the boards and the turntables.

STABILITY AND KEEPING IT

Referring to Fig. 19 wire the
PCB’s and front panel components,
all wires shown connected to “‘star’’

must be individually connected to

the star point, a piece of wire on the
slider of VR3. The braids of the
screened leads must be earthed at
one end only unless shown other-
wise. All other wires should be
twisted together in pairs (triples on
tone controls and stereo/mono
switch). If twisted wire is shown do
not use screened wire as its high
capacity is detrimental to stability).

Refer to the appropriate PCB
overlay drawings for PCB pin
numbers, and check the wiring
carefully when completed. [t is
imperative that no part of the circuit
be earthed more than once.

If at any time the amplifiers break
into oscillation switch off immedia-
tely and check that all four fuses
FS2, 3, 4 and 5 are intact. Under
no circumstances should the power
amplifiers be operated with one
power rail connected to them. With
the wiring details as shown in Fig. 7
the amplifiers are completely stable
under all load conditions.

SETTING-UP: FADER

Set VR12, VR14 to centre
position, turn fade sensitivity VR12
fully off, and faded level VR7 fully
on. Turn VR1 on the power supply
fully clockwise and play a record on
either deck at normal volume.

Turn VR1 anticlockwise until the
level becomes noticeably quieter
then turn clockwise until both
channels are just not faded — turn
it a fraction more. Now with fade
sensitivity (VR12) fully on check
that the music fades when the
microphone is spoken into.

VR13 adjusts the rate at which
the music is faded and VR14 sets
the speed of recovery |after the
speech ends.
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9 =
4704

R23
Tk

4 R25
TO MIXER POINT ‘0" & 470k

R37
220k
Ic‘“o“ Blicw

€15 1o MASTER
VOLUME
CONTROL

0u

TOPGINT 2
T ON R'H CHANNEL
ERA £ ] e
a7k
e A28 3 A2 1 l
S 39k 100R 22k | ;3‘,’70'\’(‘;5? SUPPLY
cn . ! T
mara T o ST et o | 90 ”
TORH
CHANNEL
Fig. 7 — Circuit of Pre-amp Board.
Double all quantities for stereo .except where marked *
R35, 35a 15K R23 1K
R37 220K R24 33K
All 3w 5% carbon R25 470K
film R26 6K8
c9 470uF 25V R27 100R
€10,12,14,15 10uF 25V R28 39K
c11 Polyester .01 uF R29 120K
c13 ‘4.7uF 63V R29a 10K
TR3 BC109C R30,31,34,38 47K
IC1'a, b, ¢, d LM3900 (only 1 R32 1M
required) R33, 36 22K
SW2* “1x Sub Miniature ‘1x pcb ‘‘Disco
DPDT Toggle SW Pre-Amp*’

How It Works: Pre-amp

The FET P/U board has a very high input
impedance to match the ceramic car-
tridges, and a medium output impedance.
All the inputs (except mic) are mixed
together after the FET P/U board to a
common point (D), impedarice 20k. The
signals are then fed through 10k resistor to
a sensitivie input on the pre-amp board.

After level adjustment at VR6 the
microphone signals are mixed into both
channels at the input on the pre-amp board
so that the mic signals are not reduced by
the fader. TR3 forms a 25dB gain stage (10k
input impedance), the output of which is
then fed through two elements of an
LM3500 giving a further 33dB gain.

A fully mixing mono/stereo switch is
provided between the elements. Thus a
signal of 2.5mV rms at the input to the
pre-amp gives an output of 2V rms. !

Tone controls are a ‘standard’ Mullard
circuit with an additional top cut control
R44 is provided to prevent ‘thuds’ when
SWI1 is operated.

The output from the tone controls is
taken directly to the power amps.

<
° o

[(Fo™D Je

;‘r—:T%f

“‘*o-'_l» P {03 }-u

N
PatiE

o
{d

o1

R51 100k

oAl
1NA148

R63Z
4708

W

8P?
.{. s K s
C|| }
Fig. 8 — Overlay of Pre-amp Board
; . o415 M)
R5: R55 FADE DELAY
§= W ] ook Zioc VA3
TO MIXER, r r c27 nz
PAINT ATy INS148
] c23 ‘_

POINT 5

VR4 2
470k E3
FADE RECOVERY

TO P.SUPPLY

vy

(MATCHED)
RE1 <
™ \ 3

FADE SENSITIVITY

TO MIXER POINT €

TL I RH
RSE R5TS  RS8 R59S
100k 1M < 100R ™M=

TR? TR8
MEF 4220 MEF 4220
(MATCRED)

Fig. 10 — Circuit of Fader.
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| ¥
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Fig. 9 — Overlay of P/U board and mixer.
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Tg T% iy
15 ST m
° b —— R A THIS PROJECT WAS
(RZT ) v—{ LC20  +hsu, 3 DESIGNED BY MAPLIN
o a ELECTRONICS SUPPLIES,
@ AND THEY ARE STOCKING
A Rl T r R] ALL THE PARTS AND P.C.B.’s
T9 |4 14 4 FOR THE PROJECT. WOOD-
Qg 3 [4)]2|y mgls 6 WORK AND METALWORK
8 TzeTmy . WY L WILL BE AVAILABLE
B BTy & a SfF 5
s 0o 1 Ly ¥ e 1 | ¢
1 4 j 122
4 5 6
L R &
g PARTS LIST FOR TONE CONTROL
I 120 l ﬁ @
s (R1&T 3
8 e R39 2K2
Fig. 11 — Overlay of Tone Contro/ Board. R40, 41 4K7
" R42 150K
R43 3K9
C16.047 R44 1M
~— R45 33K
RAD DUAL SLIDE R4t R46 1K
LIN 100k = R47 39K All VsN 5% carbon
VR8 LOG 10k VRI L o ass film
o- R48 5K6
—! f pl Cc16 Polyester .047 uF
R39 | c17 15uF 16V
% W1 [ c17 C18,19 Polystyrene 2200pF
2 I — c20 47 uF 25V
”L! s c21 Polyester .1uF
Ra8 : c22 47uF 10V
VoLume 5k6 VRS Dual Siide Log 10K
’ VR9*, 10° Dual Slide Lin 100K
;_ VA c19 VR11* Sié\1gle Slide Lin 10K
L | l TR4 8c108
| _;[2000 LIN 100k ) SW1* Sub Miniature DPDT
BALANCE | TREBLE 2200p Toggle SW
i Misc. ‘1% Tune Control
VR1 Pre-Amp Pcb
/-Iz; 10k e ‘4 x Slide Knobs
7 - Fig. 12 — Circuit of Tone Contro/ Board.
1TO R/H CHANNEL PARTS LIST FOR FADER
Single quantity only required
o . R47, 48, 57, 59, 61, 62 c28 1uF 63V
How it Works: Fader R49 a7k VR12 Single Slide Log 100K
Signals directly from the microphone not, R50, 51,54,56 100K VR13, 14 Sub min Horizontal
affected by the mic level control are fed into R52 1K Preset 470K
the high impedance stage TR5, through the R53 470K TRS5, 6 BC108
fade sensitivity control, and then through R55 10K TR7, 8 MEF 4220 matched
IC2. R58, 60 100R for
Dl and D2 then rectify the signal, All Vaw 5% carbon ic2 A741C
producing a DC level. TR6, which is film D1,2,3 1N4148
normally on, is turned off when this level C23, 24, 25 Polyester .01uF Misc. 1x “"fader” pcb
reaches a certain point. The potential at the C26 p-sty 100pF 1x slide knob
collector goes from OV to a positive voltage c27 Polyester .47 uF
and a current now flows through R55, VR13
D3 and C28 (which charges up). o iw W
A voltage appears at R57, R59 and
consequently the gate voltages of TR7 and F2 ] f r’\
TR8 go positive. The FET’s are normally i & T cl Tk
just biased off by the negative supply from { | &° F3 o—35v FRNET . \‘_‘, *
VRI (on the power supply board). When S 9 TR R
the gate moves positive the resistance L}
between the drain and source drops and the v
signal at point D in the mixer is shunted by v
VR7, R58 and R60. °
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Fig. 14 —
Circuit of P/U
board and mixer.
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. PARTS LIST MIXER
Double all quantities for stereo except
those marked *

R1%, 9" 1K
R2,10 2K2
R3,11,17,20 47K
R4, 12 4mM7
R5, 14 6K8
R6, 13 10K
R7,15 100K
R8, 16 120K
R18, 22 22K

VR1", 2°, 3, 4", 5" Dual Slide Lin 100K

VR6" Single Slide Log 10K

VR7* Dual Slide Lin 10K

c1,5" 470 uF 25V

C2,6 Polyester .047 uF

C3,7 100uF 10V

Cc4,8 Polyester .1 «F

TR1, TR2 2N3819

Skt 1°, 2° Jack skt stereo
{plastic mouided)

Skt 3" Jack skt mono (plastic

) moulded) R

Misc.” 4x Screened phono

plug

4 metres low capacit-
ance 50ohm screen-
od cable

1 metre twin screened
cable

7 x slider knobs

2xf.e.t./ceramic p.u.
bd

SETTING-UP: VU METERS

Swith SW4 up and SW3 to one
deck. On that deck play a record
with some very loud passages. Turn
up  the master volume (VR8)
slightly, then listening carefully,
turn up the deck level. When
is heard adjust VR17
(VR117) so that the meter reads
+ 3dB. Decrease the deck level until
distortion is just not audible then
switch SW4 and turn the master
volume control (VR8) until the
music is just distorted on loud
passages. Adjust VR15 (VR115)
until VU meter reads +3dB.

distortion

PARTS FOR HEADPHONE/VU MONITOR
Double all quantities for stereo except where marked *
R63, 70, 73 4K?7 "~ C36 2.2,F63V
R64 2R7 VR15 Sub miniature hori-
R65 iMm zontal preset 1M
:gg :iOK VR16* Dual Slide Log 500K
VR17 Sub miniature hori-
R68, 72 100K zontal preset 220K
R69 470K D3,4 1N4148
R71 470R TR9 BC108
R74 680K All Vaw 5% carbon |C3 LM380
film Ica uwA741C
R75 220K SW3°, 4° Sub miniature DPDT
Cc29 Polyester .47 uF Toggle SW
C30, 33 Polyester .1 uF Misc. VU meter
C31. 470uF 25V VU meter and headphone
ggi 4.7 «F at 63V *Jack skt stereo (pla-
. 35 1uF 63V stic moulded)
*Disco monitor pcb *Slide knob
SLIV’;E“ SLIDER
VR] VR2
“e [ S
ANUST ‘2\\/“|5
swa MONITO! £ g
;; A6
roak?
m Enan - 7O POWE R
PHONES LEVEL c3? =L EUPP%V‘
oo, L0 @ =7
fgg;ﬂ;. 2] 13
345 287
) (S FALRM R6a TR K
an o i (:_i:"w PHDNES
'T T ; °f

20
S ak/

A

04
€35 Yuf 1N4148
o e
TRY
\b geres C36 - Fi 15
- als 19. —
03 4
S I @
nath e Toa Headphone / VU

470R
TRH

Monitor Board Circuit.

1C3 5 L*4380
(C4p 241C8 mn

How It Works: Monitor

With SW4 down the board input is
derived from the input to the power amps,
regardless of the position of SW3. If SW4 is
up, the input comes from the mixer (Deck 1!
or 2 dependent on SW3).

Signals are then fed simultaneously into
two high impedance points — a headphone
amp and a VU meter amp. The headphone
amp is a very simple 2W stereo amplifier
giving a high level to the headphones, so
that a second sound source can be hears
clearly when the main amps are drivirg the
loudspeakers hard.

Op-amp IC4 amplifies the signal across
VR17 (43dB gain). Further amplification is
provided by TR9 in order to give sufficient
level to drive the VU meters. Under no
signal conditions the voltage at the
junction of D3, D4 falls to OV under the
influence of R72. When a negative going
waveform appears at the collector of TR9,
C35 will discharge on the peak negative
voltage reached by the signal.

As this goes to its positive peak the total
voltage difference between the negative
and positive peaks will be transfered
through D4 to C36.
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Fig. 16 — Overlay of Headphone / VU Monitor Board.
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Fig. 17 — PU Boards and Headphone amp.
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Part 8- Introduction to

DESIGN PHILOSOPHY

SYSTEM 68 HAS BEEN DESIGNED
to satisfy the requirements of a
variety of users; firstty the home
constructor, whose need for low cost
1/0 has not so far been catered for,
and also the many people who need
a small system for commercial use
but find that many of the Kkits
available are not suitable. In order to
gain maximum flexibility, the system
has been designed on Eurocards
(100 X 160 mm) which plug into a
standard Vero case.

The home constructor has (we
hope!) many potential applications for
equipment of this type. Consequently,
the memory size required and also the
peripheral handling capabilities will
vary from application to application.
A computer system for the amateur,
then, must be expandable, and
configurable by the user. Hence the
choice of Eurocards as the board size.

One thing we really should point
out is that, although this project
is fairly expensive, by normal
standards, this is by no means an
ordinary project. A high initial invest-
ment results in a device which can
be turned to many applications,
limited only-by the user’s imagination
and patience! What's more . the

" application can be changed by
reprogramming your system through
the keyboard, which is only a few
moments work. But by now we are
probably preaching to the converted!

We envisualise the amateur as using
a microprocessor in two different
types of application: firstly, where the
MPU is dedicated to performing one
function only, e.g. controlling the
central heating, or playing a TV game,
and secondly, where the control
program is changed frequently, e.g. a
general purpose microcomputer, or
programmable calculator.

The first application does not
require teletype-like 1/O in operation;
this is only a problem when writing a
program. Conversely, the computer
type applications almost always
require some kind of alphanumeric
1/0. Obviously, it doesn’t make sense
to buy a teletype simply to write one
program which will never again be

ELECTRONICS

changed. Consequently, we have set
about designing a method of program
writing which does not require a
teletype or an expensive VDU (we're
not saying ‘anything about cheap
VDUs!). System 68, then uses a
calculator type display and keyboard
for program entry, and these can also
be used by the operator for entry of
data while the system is executing
his program. l

HARDWARE

The system is based on 5 main boards,
each of which is a functional block
in the system. Each board is Eurocard
sized so that it will slot into a
Verocase, and has all connections to
the system bus on a plug-in conector

ODAY INTERNATIONAL—OCTOBER 1976

1/0 BOARD DISPLAY
KEYBOARD
1
CASSETTE !
TAPE !
INTERFACE |
............ 4 CASSETTE
RECORDER
____________ ]
560 VDU
' INTERFACE
H H
vbu
e ——

CPU BOARD

RAM BOARD

ROM BOARD

=

at the rear. The bus lines, i.e. Data
Bus, Address Bus, Control Bus, and
power distribution, are carried by a
Mother Board which runs across the
rear of the case. The other boards in
the basic system are: a CPU Board,
RAM Board, ROM Board, and an 1/0O
Board. We shall now discuss these in
detail. g _

The CPU Board carries an M6800
microprocessor, along  with its
associated clock circuitry, and there is
space on the board for bus buffers
for systems above the MG6800's
maximum drive capability. This is
the heart of the system, and controls
the operation of all the other boards.

The RAM board carries 1k {i.e.
1024 bytes) of static RAM. in the
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. f.i —
basic system this board is set up at
location 0000 in memory, as the
control programs require the bottom
section of RAM as scratchpad
memory. This card can be set up
virtually anywhere in memory, to
suit the program you have written.

The ROM card could also be said to
be the heart of the system. It carries
the control program, which was
written specially for the system. This
program, called, predictably enough,
ETIBUG, runs the display, decodes
inputs from the uncoded Hex key-
board and generally runs the system.

The /O card is special to the

system, and carries a PIA and a
very small amount of additional logic
- which, under firmware control, drives
the display and accepts inputs from
from the keyboard. There are two
distinct areas on the keyboard: one
consists of 16 keys bearing the Hex
digits 0-9 and A-F, which is used to
input program steps or data, and the
other is 4 keys which immediately
execute what we term ‘System
Commands’. These commands are as
follows: ‘Deposit’ places the data or
instruction currently in the ‘Data
Field’ of the display into the location
in memory currently shown by the
‘Address Field’ of the display. The
‘Load Address’ command sets the
‘Address Field to the correct value.
The ‘Examine’ instruction reads out
the contents of a memory location,
and the ‘Execute’ instruction jumps
to a location in memory and starts
executing a program there. These 4
commands are sufficient to enable one:
eventually to load and run virtually
any program.
" The display is an 8-digit 7-segment
display which is capable of displaying
all the Hex characters and quite a few
other useful things as well. in normal
use, when programming, the first
4 digits constitute the Address Field
and the last 4 digits the Data Field.
If things go wrong at any time,
however the display will show an
error message consisting of the word
‘Error’ followed by a 3-digit code.
Various other words and prompts
can be displayed, and the programmer
has access to the display routines so
that he can display his own messages.
in addition, there is a ‘Restart’ button,
which is used on switch-on to enter
the ETIBUG control program.

FIRMWARE
The firmware in System 68 is the
ETIBUG control program. This is

really made up of a bunch of sub-
routines  which  perform various earlier.
58

functions. The ones that make System
68 different are the Display Driver and
Keyboard Decoder routines. These
work in a similar manner to a pocket
calculator. One half of a PIA outputs
7-segment codes while the other half
outputs a BCD code indicating the
digit being addressed, and also inputs
a code from the keyboard whenever
a key is pressed. The display is perpet-
ually strobed in this manner until a
key is pressed, which generates an
interrupt and forces the program out
of this loop. The firmware then works
out which key was depressed and
decodes this to Hex. It then also
codes it in 7-segment and stores this in
the display buffer so that when the
display scanning routine resumes
operation,the digit will appear on the
display. System Commands operate in
a similar way.

The display firmware is modular
and can operate independently of
the ETIBUG control program, so that
it can be used by any other programs
in the system. This permits the display
of prompts and messages by the user’s
program.

In addition, it is possible for the
ETIBUG firmware to call up sub-
routines from other ROMs, enabling
expansion of the system. For example,
if it is desired to add the ETI 560
VDU to the system, then an extra

ROM can be added which will carry .

the subroutines necessary to drive it,
as well as providing some extra
facilities. Another possibility is to add

a ROM which contains calculator.
. routines, or alternatively, calculator

chip interface routines, and thereby
configure a programmable- calculator.
The ETIBUG ROMs will be
commercially available — full details
in the parts list next month.

SOFTWARE _

This is where you come in. System 68
is designed to be used as a stepping
stone to bigger and better things.
It is, in its present form, a
Development System; in other words
it will be used by most people to write
and test their own programs, and this
will be done mainly through the Hex
keyboard and display. But, once that
program is written, it can in many
cases, be put onto a PROM and then
the keyboard, etc. can be removed
from the completed system, so that
you are left only with the minimum
number of parts required to make it
operate. This is something very few
other development systems will let
you do.

On the other hand, if you want to
progress to a large-scale computer
type set-up, then you will need that
expensive /O device we mentioned
Where other development

systems will only interface typically
to ASCIl coded teletypes, System
68 enables you to interface to
any kind of device that comes your
way - you simply write the required
interface program on the keyboard-
display system and then run it. Hey
Presto, Instant Interface!

So far, so good. But we're still
only on the first rung of the ladder.
if you stop to think how many
programs could be written to do all
the things this kind of system is
capable of, or even if you only
consider the programs you'd like to
write, it becomes obvious that no one
person could possibly do it! What is
needed is some kind of software
interchange, i.e. if Joe Bloggs- has
written a program to interface to an
Acme Computer Company terminal,
and you have one, you’'d obviously
like to get your hands on that
program. Or suppose someone has
written a program to play Draughts,
that would be in great demand.

And this is where ETI comes in,
and where System 68 proves itself
to be-a system in the broadest sense of
the word. Software support s
very important to any computer
system, and we aim to support System
68 fully in two ways: firstly, by
developing  applications  programs
in-house, and also by puplishing our
readers programs along similar lines
to ‘Tech-Tips'.

CRYSTAL BALL GAZING

So far we have outlined the basic
system and some of its potential,
but what is actually going to follow?
Probably the first extension to the
basic system, or Simple 68, as we've
nicknamed it, will be a cassette tape
interface to the CUTS standard.
Non-volatile  program storage is
a problem faced by all micro users,
and so we have given it a high priority
in our development program. Because
of the common circuitry, it is possible
that this card will also carry a TTY
or RS232 interface for standard
terminals and VDUs,

Following that will be a general
purpose parallel interface board which
can be used to build special circuitry,
and perhaps a serial interface. A
possibility also being looked at is that
of larger memory boards or modules.

Using this kind of hardware, many
users will by then have set-ups capable
of running large programs, and in some -
cases even assemblers or, perhaps,
compilers. For this reason, the System
68 hardware is compatible with many
systems currently available, and the
systems are often software compatible
also.

Next month we shall cover the
constructional details of the system.
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PROJECT BOARD PROJECT .|  BOARD
[ N0, . ToTRt [ [ L
Int. 25W Stereo Amp. Int. 25 InL 25 £3.80 Music Symthesiser 501 601A 230
Dual Power Supply 105 0l4 £1.48 6018 £230
Wide Range Volimeler 1067 62 £1.09 (] £1.48
1C. Power Suppty m m 0.4 8010 p
Thermocougle Meter n 13 £1.57 G01E £3.35
Dvat Boam Adaptor 114 14 .00 103 f1n
Impedance Meer 16 16 1.0 016 £158
Digital Yoitmeter m nm P 60TH 214
1178 68p 601 230
Simpie Freq. Counter 18 118 68g 801l 9
The Reveaier 213 213 68 201N
Brake Light Warning 03 007 68p BOIN 02175
Adto. Car Thett Alarm a5 09 % 601P £1.40
Int Buttery Charger 309 k. 38p 601 £1.51
Tacho Timmg Light n m 80p Radar InL Alarm 62 m £1.13
Becl. lgn. CDH/Tacho 3z 0z £172 o F.M. Tuner 51 75l 249
- Car Alarm 33 33 67p Light Dinner - = 6p
Auto Amp. a4 34 9p Print Timer = & 68p
“Four inpul Mixer 41 005A 67 Inter Com. - = 68p
Super Stereo 410 025 £1.3 Intruder Narm p
100W Gaitar Amgp. 413 413 £1.73 Digital Alarm Clock Timirosic 5017 £1.24
Masier Mixer 44 4184 £1.14 Unitiboard - £1.68
a148 £1.52 Bicycte Speedometer = B8
4140 £1.52
Stage Mixer i aa | e e E0ARDS
Al4E £1.78 Logic Probe 120 120 £1.01
The Over LE.C. 17 a7 (] Logic Puser 121 121 £1.01
Mixer Pre-Amp. 419 418 83p Logic Tester 12 12 £2.05
int. 420 Four C/Amp 420 4204 Top Cmos Tester 23 1234 &p
4208 9p 1238 89
420 £1.10 Tone Bwrst Ganerator 124 124 £1.19
4200 fL10 Audio Mini Yoltmeter 128 128 £1.387
Discrete SQ Dacoder 4208 4208 £1.54 Tamperature Meter 130 130 £1.00
422 Stereo Amp. S0W 422 LY-4 269 Active Crossover 43 433 £1.18
Puss 2 Add on Oecoder 4z 423 83p & 4338 £1.08
Sar. Reverd, Uit a e 162 'W:"_P'g“ -
Sireo Rumbie Filler 25 2 T | e Sply 131 13 :
Graphic Equaliser a1 621 | gz | N0 Level et o 5 108
udie Expander
Colour Organ 48 428 £2.10 Compress
Swmple Storeo Amp. a2 429 M| o hoe] 4“3 34
Une Amp. 430 430 09 woet |6 457 4857 216
Ruorsscent Lamp Caicuiator Stop Watch 534 534 £1.00
Dimmar 508 o o0 Aodio Noise Gemerater ] 41 £1.00
Pholographic Timer 512 [iz4] 6p Touch Switch 533 9 £1.00
Tape Shide Marker Ganerater 706 706 £1.00
Sehramser - e T mnl:;vmw " < 1538 | 2
Digilal Stop Watch 520 520A £2.05 Ewmri M:(;"'“ o 951 g:
5208 49 | Swiching Regulator - 19 £2.16
. Digitai Stopwaich = 551 £2497
Low Cost Laser 524 524 £130 2 8510 fm
Push Bulton Dimmer 527 §21 5; = 552 200
Eec. One Arm Bandil 529 5294 2.3 Gudtar Anack = - £1.04
5298 232 Base Booster M 245
Temp. Controller 530 530 85p Optical Communications 2%
Photo Timer 532 532 81p {Both PC8'3)
Digita! Display 533 5334 689
5338 88p
Orders ol Iesx than ES 00 Postal Orders only. Belivery fime approximately 3 wasks
Large quantity orders — discount by megoliation. All P.CB.'s prices include P&P and VAT
Majority of orders despaiched wilhin 2 week
CROFTON ELECTRONICS LTD.
35 Grosvenor Road, Twickenham, Middlesex Tel. 01-891 1923

THE OPEN DOOR

TO QUALITY

Electrovalue Catalogue No. 8
(Issue 2, up-dated) offers items
from advanced opto-electronic

components to humble (but
essential) washers. Many
things listed are very difficult
to obtain elsewhere. The

Company’s own computer is

programmed to
expedite delivery
and maintain customer

s satisfaction. Attractive
T ot .
. discounts are allowed on
—
ek many purchases; Access
e and Barclaycard orders

are accepted.

PLUS FREE POSTAGE

on all C.W.0. mail orders in
UK. over £2.00 list value
fexcluding VAT). If under,
add 15p handling charge.

UP-DATED 2nd EDITION

[ With Prices stabilised to Dec. 31st. ]

144 pages, 40p

Post paid. inc.
refund voucher for 40p

ELECTROVALUE LTD

28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB. Tel. Egham 3603.
Telex 264475. Shop 9-5.30, 9-1 pm Sats. NORTHERN BRANCH: 680 Bumage Lane, Burnage,
Manchester M19 1NA. Tal. (061) 432 4945. Shop 9-5.30 pm, 1 pm Sats.

Al cummunications
piease to Head Office.
Egham address. Dept.
ETL10.

Learn to understand
electronics

for your hobbies

1. Lerna-Kit course

Step by step, we take you through all the funda-

mentals of electronics and show you how easily the

subject can be mastered.

(1) BUILD AN OSCILLOSCOPE.

(2) READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS.

(3) CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK .

2.Become a Radio-Amateur

Learn how to become a radio-amateur in contact
with the wide world. We give skilled preparation for
the G.P.O. licence.

Brochure, without obligation to:
BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL

P.O. BOX 156, JERSEY, CHANNEL ISLANDS,

I NAME

ADDRESS :
| BLOCK CAPS

PLEASE¢ta10/8
D OGN TN B BER W SN BN AUR B EN e
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complete DIGITAL CLOCK KITS

. TEAK GASES
e prompt order despatc|

'NON ALARM £9.60. ..
ALARM  £11.95. .04

including P&P

-?~.

“DELTA’’

GENUINE TEAK OR PERSPEX CASE

DELTA DATA: 4 Radiant Red % inch high LEDs. 12 hr display with
AM/PM indication. Beautiful Burma Teak Case or Pretty Perspex
in White, Black. Blue. Red. Green. Power failure is indicated by
tlashing display

MODULES: Kits can be bought without case Non Alarm £8.00
Atarm £10.50 ncl
READY BUILT: Buy a working tested module and fit your own case
Non Alarm £8 50 Alarm £11.00. Or put it with our case paris @
£3 78 and save on complete clock price
Complete Clock ready built. 2 yr. guarantee Non Alarm £14.00
Alarm £16.50
ALARM FEATURES: Pulsed tone. Tit operated 10 minute ‘Snooze’
pertod Single switch setting. Optional extra mercury switch (45p)
allows Alarm reset by tilting clock. Digit  brightness is
automatically controlled to suit lighting level

6 DIGIT: "Comet” Non Alarm with 6 red 0.6’ high digits. Complete
kit £17.00. Case style as Delta

NOVUS

650 £5.40 4510 £16.20
CALCULATORS: 850 £6.75 6030 £21.60
Send payment with order. S.a.e for complete range of clocks, caiculators &
components

PULSE ELECTRONICS
LTD.

DEPT. E3, 202 SHEFFORD ROAD
CLIFTON, SHEFFORD, BEDS.
Telephone: Hitchin (0462) 814477
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GOMBONENTNGO0ES

COMPONENT
SERIES

'RESISTOR AND CAPACITOR CODES AND
VALUES — AND HOW TO INTERPRET THEM

PART 3

MODERN FIXED RESISTORS,
capacitors and RF chokes are
encapsulated in a variety of packages.

For resistors, the most common package
is a cylindrical casing having axial leads
(Fig 1). Cylindrical body types having
radial leads and single-ended types are
also manufactured. Some power
resistors are rectangular with a square
cross-section — Fig. 1. (d).

Moulded inductors, principally used as
RF chokes are generally cylindrical with
axial leads, very similar to resistors.

COMPONENT MARKING

The value, tolerance and other
characteristics are marked on the body
of fixed components using one of three
basic systems:—

(d) directly on the body

(b) a series of coloured bands or dots
according to a standard code.

(c)a series of numbers and letters
according to a standard code —
known as a typographic code.

The basic colour code is given in Table
1. Its use on typical cylindrical-shaped
components is illustrated in Fig 3. The

Figure 1. Common body shapes of
small, modern fixed resistors. RF
chokes and some capacitors are
similarly encapsulated.

7‘\
1
N

()vﬁ 1t A4

Y
1(c) Single-ended cylindrical body types
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first and second digits represent the
significant figures of the component
value. The decimal multiplier
determines the position of the decimal
point and the order of the value of the
component — i.e., ohms, megohms etc,
or uF, pF etc. The tolerance indicates
the tolerance range either side of the
nominal value of the component. This
means that the actual component value
may lie anywhere between the tolerance
extremes. Tolerance is usually quoted as
a percentage.

The way in which the standard colour
code is applied on a component and
how other characteristics, such as
voltage rating or temperature
coefficient, are indicated is explained in
detail in the sections of this series
dealing with component marking codes.

Typographic marking codes take a
variety of forms. They generally involve
a group of numbers indicating the value
of the component, and prefix or suffix
letters (or both) indicating other
characteristics such as voltage rating,
tolerance etc. The letters are deciphered
by reference to tables showing the
characteristic accorded to a particular
letter. These tables are drawn up
according to a standard international
convention. The different typographic
codes used and how to interpret them
are also explained in the sections on
component marking codes.

PREFERRED VALUE

If you examine the values of fixed
components, you will notice that the
values appear ‘odd’, and further more,
that the same significant figures repeat
in each decade — i.e. 47, 470, 4700;
.0068, .068,0.68 etc. This is because a
system of what is called ‘preferred
numbers’ or ‘preferred values’ is used.
The basic system of preferred numbers
spans the decade from 10 to 100.
Higher and lower decades simply have
the decimal place shifted right or left
accordingly.

There are several preferred number
series, the three most common ones
have six, twelve and twenty four
numbers per decade and are known as
the E6, E12 and E24 series respectively.
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(a)

[T

—
—

FIRST DIGIT

SECOND DIGIT

VL

DECIMAL MULTIPLIER
{number of zeros)

TOLERANCE (%)

(b}

U7/ SN

EXAMPLE: — BROWN, BLACK, RED, GOLD.
1 0 102
= 1000 {ohm, uF, uH) *5% tolerance

Fig. 3. How the
colour code values
on a resistor are used
to calculate the value
and tolerance.

The numbers in a decade of each of
these series are given in Table 2. Each
number is derived from a constant
difference between numbers (or steps)
of 101/6 for the E6 series, 10 1/12 for
the E12 series and 101/24 for the E24
series. The numbers are rounded off to
two significant figures for convenience.
These numbers provide a convenient
tolerance range for component values in
the different series. The E6 series is used
for = 20% tolerance components, the
E12 series for £ 10%, and the E24 series
for £ 5% components.

For close tolerance, high stability
components, the E96 series is used. This
provides a series of 96 numbers per
decade, each being approximately 2%
higher than the preceding value. Thus,
this series is used for components having
specified tolerances of 1% and 2%. The

tolerance extremes of 1% components
overlap. As the values need to be quoted

to three figures, the component

markings will, accordingly, be different

U et DL BRI (). TABLE 1 from those components having values

in the E6, E12 or E24 series. The values

colour significant decimal tolerance in the E96 series are also shown in

figure multiplier +% Table 2. o

The tolerance specification indicates

* that a component may have a value,

g:;gwij (1) :0 2? differing from the n_orr.1inal \{a!ue,

RED 2 102 or 100 2 anywhere between the limits .spemfle:!d.

ORANGE 3 1023 or 1000 For example, a ?QOO.ohm resistor with

YELLOW 4 102 or 10,000 a tolerance specification of £ 10% may

GREEN 5 105 or 100,000 have a value anywhere between 900
BLUE 6 106 or 1,000,000 ohms and 1100 ohms. -

VIOLET 7 107 or 10,000,000 The tolerance extremities fo.r the E§,

GREY 8 108 or 100,000,000 E12 and E24 series are |nd|c§ted in

WHITE 9 102 or 1,000,000,000 Table 3 and the way in which the

GOLD = 0.1 or 101 5 tolerance extremes overlap are

SILVER - 0.01 or 10°2 10 ill.ustrated, for the E6 and E12 series, in

none —_ 20 Flg 4,
A batch of components of the same

nominal value may not have actual
values spread throughout the tolerance
range, centred on the nominal value.

* used with capacitors

— -
I | I -
T v [
T E125—
e R ’:ﬁ\
——E6 ~E T
N -
] 2
10% = r -
» ¢
N A b 2
Y J1 y 8 i | i 4
It 7 1\ 1 X 1 —1
rmvi A3 \ 7 \ t i
A T +14 4+
I 1 1 I
I ) ¢ 1 i
J 71X y 4 \ I ]
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ya \ I I
7" \ 1 I 1
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1 | XY A {
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Rz L © L ¥ J
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l— ] x 1
L \ L4
v
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Figure 4: Tolerance extremes of the E6 and E12 preferred series of values.
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TABLE 2
Preferred numbers in a decade for the E6, E12, E24
& E96 series
E6 | E12 | E24 E96
20%| 10% | 5% % and 2%
10 (10 |10 [ 10.0 10.2 10.5 10.7
11 11.0 11.3 11,5 11.8
12 (12 | 12.1 12.4 12.7
13 [13.0 13.3 13.7 14.0 14.3 14.7
15 {15 {15 [ 15.0 154 15.8
16 | 16.2 16.5 16.9 174 17.8
18 |18 | 18.2 18.7 19.1 19.6
20 | 20.0 20.5 21.0 21.5
22 (22 |22 | 221 226 23.2 23.7
24 | 24.3 249 25,5 26.1 26.7
27 |27 |27.4 28.0 28.7 29.4
30 |30.1 30.9 31.6 32.4
33 (33 |33 |33.2 34.0 34.8 35.7
36 | 36.5 37.4 38.3
39 |39 |39.2 40.2 41.2 42.2
43 | 43.2 44.2 453 46.4
47 47 47 | 475 48.7 49.9
51 | 51.1 52.3 53.6 54.9
56 |56 |56.2 57.6 59.0 60.4
62 |[61.9 63.4 64.9 66.5
68 |68 |68 |68.1 69.8 71.5 73.2
75 | 75.0 76.8 78.7 80.6
82 |82 | 825 84.5 86.6 88.7
91 {90.9 93.1 95.3 97.6
TABLE 3
Tolerance extremities for the E6, E12 and E24
preferred value series
-20% | —10%| —5% nominal +5% +10% | +20%
value
8 9 9.5 10 10.5 1 12
10.5 11 11.6
10.8 11.4 12 12.6 13.2
12.4 13 13.7
12 13.56 14.3 15 15.8 16.5 18
15.2 16 16.8
16.2 17.1 18 18.9 19.8
19.0 20 21.0
17. 19.8 20.9 22 23.1 24.2 26.4
22.8 24 25.2
24.3 25.7 27 28.4 29.7
28.5 30 31.56
26.4 29.7 31.4 33 34.7 36.3 39.6
34.2 36 37.8
35.1 37.1 39 41.0 42.9
40.9 43 45.2
37.6 42.3 44.7 47 49.4 51.7 56.4
48.5 51 53.6
504 53.2 56 58.8 61.6
58.9 62 65.1
b4.4 61.2 64.6 68 71.4 74.8 81.6
71.3 75 78.8
73.8 77.9 82 86.1 90.2
86.5 91 95.6
E6 E12 E24 E24 E12 E6
lower upper
extremities extremities
S —
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GOMBONENTNGODES

For example, a batch of * 20%
tolerance components may have actual
values between +10% and +17% of the
nominal value. More usually, actual
values may be spread between say,
—18% and +11% with a few outside this
range. Those components falling within
the tolerance extremities of the closer
tolerance series are usually selected
from the batch prior to marking. Thus,
a batch of * 20% tolerance {E6 series)
components of a particular nominal
value, may not contain any values
within * 5% of the nominal value.
However, there may be many in the
batch within * 5% {or closer) of a value
10% nigher than the nominal value. As
an example, a batch of 1000 ohm
resistors may have most of the actual
values spread between 1045 ohms and
1155 ohms, with the rest scattered
across the tolerance range.

Apart from resistors, capacitors and
RF cheokes. zener diodes -are
manufactured according to the
preferred values system also, having
nominal zener voltages according to the
E24 series and voltage tolerances of *
2% and +5%.

The temperature coefficient
characteristic of capacitors may also be
specified with values in the preferred
series, usually from the E24 series,
although for convenience, and by
convention, only selected numbers
through several decades are used. This is

‘discussed in the section on capacitors.

SELECTING AND SUBSTITUTING

In many applications in electronic
circuits, the component values, unless
otherwise specified, may be varied
substantially without markedly
affecting the performance of a circuit.
This applies particularly to decoupling
and bypass components where
components having tolerances of —20%,
+80% are commonly used. Apart from
this, tolerance limits of component
values in a particular circuit or portion
of a circuit, of * 20% are common,
otherwise the E6 series of values would
not be used. This wide latitude in
tolerance limits rarely has much effect
on the performance of a circuit. If close
tolerance components are necessary
then they will be specified on the circuit
or in any description of the circuit.

(1t should be noted however that 5%
tolerance resistors are now almost
universally available and cost little more
— if anything at all — than 10% or 20%
resistors. For this reason, 5% resistors
are generally specified for Electronics
Today's projects). ®
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TELETYPE 35R0 ASC11 CODE

PRt A e A

HEAVY DUTY CONTINUOUS OPERATION

With 240 Volt Power Supply and Paper Feed. Circuits, Diagrams. Information supplied with all purchases.

A MUST AT £50 each
To all purchasers of the Teletype 35R0 a REBUILDABLE Keyboard can be purchased for £10 only
Attractive cast alloy front panel, vertical mount, size 16 V2 x 15 x 5 V2"’ containing 72 push buttons with manual
or electrical reset (28V) with provision for labelling with your code; 65 illuminated symbols or functions
(complete with 28V lamps) which again you can change; 15 bit front panel microswitch assembly to enable your
coded cards to be read (sample supplied) and host of other electronic parts. Complete with circuit diagrams.

Now only £10 each.

ROYAL INVERTERS

Manufactured USA. 28V DC input. Output
115V AC 400HZ up to 2KVA. Brand new.

Crated

THE LATE MODEL MARCONI
OSCILLATOR TF855A/1

in superb condition covering 25HZ to 12MHZ
sine wave in 3 ranges and 50HZ to 150KHZ
square wave. High output 31.6V. Meter
scaled in volts and dBs

SOLARTRON AC
MILLIVOLT METER VF252

1.6MV to 150V full-scale in 10
ranges. 6’ meter *1%. Good
condition.

AVO RF SIGNAL

GENERATOR

AM Modulation
15" wide x 10" high x 6/ _deep

Freq. range 2 to 250MHZ
240V operation. Suitcase style. Size approx.

e N\

AL items £22.80 cach

SPECIAL OFFER — pick 3 different
items of the 5 for

£60

Carriage £2.50 each or £5 for 3

AVO VALVE
TESTED CT160

“'The Suitcase’”
wide x 10" high x 11" deep.

Size approx. 15"

TR}GORMERS — Al'240V 50HZ
inputs
ype A 17.0-17V 250 MA; 7.6.0.7.5V
MA 0-20V SAmps; 0-4V 5 Amps
1-16V5 Amps £2 ea. P&P 11 25
pe B 17-0-17V 250MA, 8-0-8V 250
A 0-125-135vV § Amps 0-1.56-2v
Amps £1.50 ea. P&P:
pe C 19-0-19V 250MA 8 0-8V 250MA,

N By
o <\
[=}

-
o o

Type GEC 924F 3" dia. (Replacement for

_Geatanteed full spec

1 Amp 25p ea. P)&;FSQp/
Type+-12¥_ 1 Amp. 85p. 50p
Type G 20-0-20V 200 M?'O 6V 100MA
75p ea. P&P 75p Atlantic series.

All Brand New . (APT surplustypes A. B. C &

D. Honeywell surplus type E: Recordacall

éurplus type F. Parmeko Atlantic series type
).

Telequipment D33 & Solartron 1016
scopes) £30 ea. P&P £1.50 (’
=

SEMICONDUCTORS — All at 8p ea*. P&P
extra. Guaranteed all full spec. devices

Manufacturer § markings
158, 2N3707. BC1Q7. BF197
32 )N4403, BC172B; 'BC2618B

18, BCJ488: BC171A/B
2M3055RCA/50p ea. P&P 8p
2N5879 wish 2N5881 Motorola 150 Watt
Comp pair/€2 pr. P&P 15p
*l.inear ashp 709 25p ea. P&P 8p

*SPECIAL OFFER -
devices\ Manu-
facturers markings

BC 204 & BC 207A 4p ea. P&P extra

LARGE RANGE ELECTROSTATIC VOLT-
METERS. from 0-300V 2'* £3; to 250KV
Max

_General guide 5KV 3" £5; thereafter £1

per KV. P&P 75p

/
VAR|XCS 240V input 0-270V output
8 Xmp £18 ea. 20 Amp £30 ea. Carr
gxtra

*TELEPHONES
Post Office Style 746  Black or two-tone
Grey £6.50 ea.

MARCON! TF1101 Audio Oscillator. 20c/s
to 200kc/s Low distortion. 60db step
attenuator. £65 each.

Modern Style 706 Black or two-tone Grey
£4.50 ea.

Modern Standard Style in Grey or Black
with a place to put your fingers like the
746, £3 ea. As above but discoloured Grey
only £2 ea. All telephones complete with
standard dial and bells. P&P all styles 75p
ea Handsets, complete with 2 inserts and
lead £1.75 ea. P&P 65p

ONLY £10 EACH
Stabilised Power Supply Z(V 50HZ
input. Qutputs 15V-@ 10A. + 15V @
4A -1 5V AT 21 5V @ 15A Size
[—+6—x20"X 3" Auto overload trips on each
voltage rail with pushbutton resets. MANY
OTHER POWER SUPPLIES - Call and see

BNC Plug to BNC Plug lead assembled
ready to use 75p ea. P&P 20p

Ex-eq  BNC Socket 15p. BNC Plug 4
BNC Plug & Socket 30p pair. P&PQ Sp

_of.compthents, transistors, etc. — no flat to

*POT PACK. All Brand New Modern Single
and Ganged, our choice. 7 for 25p. P&P
48p

TUBES — All Brand New. Boxed
Electrostatic Deflection

Type 408A 1%' dia.. 7%’ iong Biue
Trace £2.50 ea. P&P 75p

Type CV1526 (3EG1) 3" dia. £4 ea. P&P
£1

Type DB7/36 3’ dia. (Replacement for
Telequipment S31) £15 ea. P&P £1 50
Type SBVP1 &' dia. PDA. X, Y Low
Capacitance Side Pins. Green Trace £5 ea.
P&P £1 50

Type GEC 924E 3%2'' dia. (Replacement for
Solartron 1015 scope) £20 ea. P&P £1 .50
Magnetic Deflection

12DP7 12* round. Blue with yellow
afterglow. £1 ea.

And for the VDU BUILDERS
M38-111GH Rectangular 30 x
Green Trace Superb value £12 ea.
or Economy type CME1220 24 x 18cm
White Trace. £9 ea.

20cm

NEW  UPGRADED CONTENTS — FOR
LESS MONEY

*31b Electronic Goodies £1.60 post paid-
#High Value Printed Boattf Pack — hundred

the board transistors £1.65 post paid

VERY SPECIAL PRICES
*1000f Feed thru Capacitors 10 for 30p.
P&P 15p

MUFFIN Fans. 115Volt. Size 5 x 5 x 1%""
Superbly quiet and reliable. Ex.-eq. but
tested. £1.50 ea. P&P 75p

IBM CLOCKS — SLAVES. 11" £3 ea.
P&P £1. 17%" £5 ea., Plus Carr., 23"
£7 ea., Plus Carr., ITR CLOCKS SLAVES
72" £5 ea. P&P 75p

*Meter PACKS — 3 different meters £2,
P&P £1

DON'T FORGET YOUR MANUALS. S AE
with requirements

GRATICULES 12 x 14 cm high guality
plastic 15p ea. P&P 10p.

*CAPACITOR Pack 50 Brand New
components only 50p. P&P 4Bp
*TRIMMER PACK Ali Brand New. 2 Twin
50/200pf ceramic: 2 Twin 10/60pf
ceramic; 2 min_ strips with 4 preset 5/ 20pf
on each: 3 air spaced preset 30/100pf on
ceramic base 25p the lot, P&P 15p
RESETTABLE COUNTERS. 4 digit by
Stonebridge / Sodeco 10000hm coil £2 ea.
P&P 35p

CRYSTALS High quality B7G . etc
2MHZ £2.20 ea.

1MHZ £2.75 ea.

100KHZ £2.50 ea.

SO0KHZ £3 ea.

20KHZ £4.50 ea.

P&P all 50p.

%4 42MHZ CB Crystal at 25p ea Q&P 15p

*BEEHIVE TRIMMERS 3730pf. BRAND
NEW

10 Off 40p, P&P 15p: 100 off £3.50, P&P

250K - Ganged, 100

*POTENTIOMETERS -- All 5p each. P&P
extra. Metal bodied AB Linear PCB mount.
Brand new. 10K single: 100K Ganged.

. ncentric

75p; 500 off £15, P&P £1.25; 1,000 off™]
£25, PAR-£4-568-

HIVAC Miniature NEONS

App 60V. Brand New. 10 off 20p.

P&P extra

FlBREGl SS BOARC PACK. More board
o4 Large: pieces Not lessthan 2
r 95p, P&P 65
cut to any size. New
Lower Price 1p per sq in. P&P extra

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR
In four ranges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls, 3V max sine. 6V
max square outputs. Completely assembled P.C. Board. ready to use. 9 to
12V supply required, £8.85 each. P&P 35p. Sine Wave only £6.85 each

P&P 35p

WIDE RANGE WOBBULATOR
5MHZ to 150MHZ (useful harmonics up to 1.5GHZ) up to 15MHZ sweep
width. Only 3 controls preset RF level sweep width and frequency. Ideal for
10.7 or TV IF alignment filters, receivers. Can be used with any general
purpose scope. Full instructions supplied. Connect 6.3V AC and use within
minutes of receiving. All this for only £6.75. P&P 35p (Not cased, not

calibrated)

Minimum Mail Order £2.

Excess postage refunded

Unless stated — please add £2.50 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with x 122 % VAT, otherwise 8%
Official Orders Welcomed. Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9 a.m. to 5.30 p.m., Mon. to Sat.

CHIL TMEAD | |

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, King’s Road). Tel. Reading 582605
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ELECTRONICS PART 32
—it’s easy! imimmoe

Digital conversion.

INTEGRATED cchUlT CUR- f————PemALmRTI .
RENT SOURCES — As the DAC T T T T T T T T A
principle finds a variety of uses, T~ G — 7
manufacturers offer an integrated PO e

current, the magnitude of which is ’ n —1 an

controlled by a four bit, binary-code N s ‘__l_ ' 8 o s ”1

input. The IC, as shown in Fig. 1, has :,m%m%m:n“ = N ::.o.%.o.},,.:»m.‘ =

enough precision to be used in 12-bit 1 1 1 g

D/A and A/D conversion. Figure 2 ey
illustrates how two of these ICs are . (LR TES

combined to produce an 8-bit DAC. I A

Digitally controlled sources — The
DAC's described above are usually arze N "
concerned with signal processing as an ot o
opposed to analogue power control. If
larger output powers are needed
digitally-controlled power supplies can
be used — also referred to as digitally
programmed supplies. They are

FULL SCALE ADJ

Fig. 2. Applying 4-bit current source IC’s to form an 8-bit DAC.

available with digital control of VARIABLE BINARY INPUT {SIGNAL INPUT A)
current or voltage outputs.
Instruments in the Hewlett-Packard T T (F _______ T
range, for example, can provide up to
125 watt maximum demand whilst the r SR
output is eontrolled by binary or BCD t Y f-—-----
inputs with a programming time of
around 350us. o—— RESISTORS
VARIABLE REFERENCE
ARITHMETIC OPERATIONS INPUT (SIGNAL 81 §3X‘T‘§3$”E
WITH DAC's =
Multiplication — The resistor Fig. 3. Using a DAC to multiply an analogue signal by a digital signal.

network of a DAC has two inputs —
the reference supply (which is fixed in  possible. The advantages of this ANALOGUE TO DIGITAL
normal D/A conversion) and the  method are the high precision and  e¢QNVERSION

switch inputs representing digital  speed available.

numbers. If the reference is allowed to Addition — If the difference or sum
vary as an input variable, see Fig. 3, of two digital signals is needed as an
the output of the DAC is the analogue output, two DAC’s may be
multiplicand of the two signal inputs. combined, as sum or difference, into
The reference may also be an ac signal the output op-amp, as shown in
and division and attenuation are also Fig. 4.

Conversion from analogue to digital
code can be obtained by many
alternative techniques, each alternative
having many variations. Basically,
methods group into open-loop and
feedback-loop systems. In each group
some four to eight ways are in

e EETE T T common usage. Here we look at a few

. 1. . ; T ‘_ oV of the most popular techn.iques,
30 i ' o o o beginning with open-loop methods.
Q Q Oyg <l
Analogue-to-frequency — The
04

s ¢ analogue voltage is converted, on a

S e I Ko continuous basis, into a signal of

1 23n A0S 5 proportional frequency by the use of

% an appropriately accurate V-to-F

o r T o converter. (Voltage controlled

| . — °™ oscillators are used — they must be

l »4(\!.—?_1 _4:?_. ?_ _4,,-0,. o adequately linear). This signal, see

SCTD : Fig. 5, is ga'ged into a digital counter

" ' . ] using fixed times of gate aperture. The

A A A o 3 counter accumulates a digital number

g“ | L_ﬁ equal to the average analogue level
3

"2
J2se

Mg b Py
1en N 180

] over the gate period. The counter
: 1 o output is released upon demand when

Lse ) ary LIS w58 LI . N .
O . a2 our Qo Sour gate periods expire. This method
Fig. 1. Schematic of dual- in-line 4-bit current source (Fairchild A9650). suffices for low accuracy analogue
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DIGITAL INPUT A

11 -
r

SUM | DIFF
)
i+
)
REFERENCE

}__

B 4

]
—— Hi ________ l

DIGITAL INPUT B

| — =

Fig. 4. Addition or
subtraction of two signals
with DAC's.

ANALO
|Npuﬁ' GUE VOLTAGE TO
—1 FREQUENCY
CONVERTER
SERIAL
DIGITAL
FIXED QUTPUTS
—
TIME COUNTER
BASE
INPUT
RESET ———— |
OUTPUT A+B
R

ORA-B

Fig. 5. Voltage-to-frequency method
of A/D conversion.

HH

DIGITAL
OUTPUTS

inputs but becomes expensive when
precision, wide dynamic range is
required.

A variation of this is to reverse the
philosophy and vary the pulse width
of accurately generated pulses of
constant frequency. The variable pulse
width is then converted to a digital
count proportional to the pulse width.

Simultaneous, parallel or flash
conversion — The input analogue
signal is presented to a stack of
comparators (Schmidtt trigger action)
each set to trigger at increasing
binary-weighted signal levels. The set
of comparator outputs are then
decoded to provide the required
binary output form. Decoding is
needed because at any instant all
comparators set to below the signal
level are in the one state, all above in
the other. The method is given in
Fig. 6. Although extremely fast —
quantization time is the speed of a
single comparator — the method has
the serious disadvantage that large bit
ranges require many comparators and
numerous decoding gates.

Closed-loop methods — are more
popular and there are about six main
alternatives The methods known as
integrating, successive approximation
and servo-DAC are most generally
applied.

Dual-ramp integration — The
analogue voltage is first converted to a
time period which in turn is converted
into a binary number by a
timer/counting system. Referring to,
Fig. 7a, conversion begins when the
switch connects the analogue-signal
input to the integrator which
commences to ramp up. At the same
time the counter begins, from zero, to
count the clock pulses. When a
predetermined number of pulses (1000
is convenient) appear in the counter
the integrator s electronically

REFERENCE
INPUT COMPARATORS SET AT INCREASING
3R/2 t LEVELS BY RESISTOR NETWORK
R
—a0
R
pecober O eiNaRY
| o ouTPUT
—aO0
R
R/2
Fig. 6. Flash type converters
give high speed A /D conversion.

switched over to the reference. At this
point the capacitor has then charged
linearly from the input, rising as a
ramp to a voltage level decided by the
average input-signal value as shown in
Fig. 7b.

As the switch changes to the
reference position the counter is reset
to zero and begins counting again. The
reference, chosen to be of opposite
polarity to the input signal, now
causes the charged capacitor of the
integrator to ramp back downward at
a constant slope. When the integrator
output reaches the zero threshold the
counter is stopped and its contents
displayed. The count displayed is the
ratio of downward ramp counts to
upward ramp counts which, when a
1000 upward limit is used, gives a
direct reading of input voltage if the

ELECTRONICS TODAY INTERNATIONAL—-OCTOBER 1976

reference voltage is appropriately
chosen.

A simpler form, using only one ramp,
is also used but it lacks the features of
the dual-ramp method in which the
absolute value of the capacitor and the
clock frequency are of no significance
provided they are stable for the
duration of the conversion period. The
dual ramp method does, however,
require a relatively long conversion
period but this is an advantage in one
respect — the value measured is more
accurate. This is due to the fact that
when noise is integrated over an
extended time period it tends to zero.

A more sophisticated triple-ramp
method provides increased speed and
accuracy for a moderate increase in
cost and complexity. In essence two
reference signals are provided, one
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ELECTRONICS —it’s easy!

ANALOGUE

INPUT SWITCH

—REF

INTEGRATOR

- COMPARATOR

CLOCK >

CONTROLLING LOGIC

COUNTER (a)

§687

SLOPE ‘UP’ DECIDED
BY Vin

Vol

INTEGRATOR

DIGITAL OUTPUT

Fig. 7. A/D conversion using dual-ramp integration. (a) schematic (b) timing diagram.

SLOPE ‘DOWN’ DECIDED
BY Vyef

. 1
Vin= T Viefl

LOWER VALUE OF Vi,

- \
- hY
| T | :-l —» TIME

COUNTER I I .
1000 PULSES PULSES PROPORTIONAL TO t
(b)
Fig. 8. Triple-ramp A/D converters offer
faster speed for slightly more complexity
v of integrating method.
o
INPUT RAMP. :2:";55
SWITCHES ol TIME
-t etatzen 13}
Vs J
Sy $2 S3 EXTERNAL
Vet COMPARATORS T ? f SONTROY
(COARSE)
CLOCK
CONTROL
< INTEGRATOR LOGIC
ety Ve } L l
2
&C))UNTER heno-d ::;))UNTER

acting as a ‘coarse’, the other as a ‘fine’
ramping control. The ‘coarse’ ramp
rapidly converts the bulk of the input
signal level leaving the ‘fine’ ramp to
add the extra resolution. Figure 8

shows the schematic and timing
diagram of a tripleramp A/D
converter.
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Successive approximation — Due to
its high resolution and fast conversion
speed successive approximation is the
most widely used method. A
schematic diagram is given in Fig. 9.
Conversion progresses step-wise with
the precisely generated DAC output
being compared against the unknown

analogue input. The first comparison is
made with the most significant digit of
the DAC, which gives 1/2 full scale,
being compared against the unknown.
If it is smaller, the bit is retained as a
‘0’, if larger it is set to ‘1°, thus the
MSD value of the programmer is
found. The next digit, working
towards the least significant end one
digit at a time, is then tested for the
same criteria being set accordingly.
The process is repeated until all
programmer digits are set to ‘0’ or "1".
The value in the programmer is then
transferred to the register for
outputing in parallel or serial form.
Conversion time is not decided by the
value of input as in ramp methods,
duration of conversion being the
number of bits times a fixed digit test
interval, which can be as fast as 100ns.
By comparison, from one maker's
options, successive approximation
instruments offer conversion times
which range from 1-60us compared
with 2.5-6.0ms for integrating
converters. Accuracy clearly depends
upon that of the DAC which forms
part of the comparison system.

Serve DAC method — Fig. 10 shows
this system. When conversion begins, a
counter is gated and commences to
count upward. Its digital output is
converted back to analogue form by a
DAC. The output of the DAC is
compared against the unknown input
voltage. When the two analogue
voltages are equal, the comparator
inhibits the counter. At that time the
value in the counter is a digital
representation of the input — with 1:1
correspondence; or other ratios
depending upon the summing
resistances used. |t is a simple low-cost
method providing reasonable accuracy
but operates at a slower speed than
offered by successive approximation
designs.

Non-linear conversion — Each bit of
the above methods represents an equal
quantum error. Thus one quantum
error in full-scale is considerably less
inaccuracy than in say a tenth or
hundredth of full-scale. The smaller
the reading, the greater the relative
error of quantisation. When
range-changing is not practicable a
non-linear digital method can be used
to compress the large scale in order to
reduce the percentage of reading error
The method is explained in Motorola
Application Note AN-471.

SAMPLE-AND-HOLD UNITS

A digital signal provided by an A/D
converter represents some measure of
the analogue level seen in a certain
gating period — the so-called aperture
time. Aperture time, bit resolution and
maximum signal frequency are strictly
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interrelated. Figure 11 is a chart
enabling this characteristic to be
found. For example, we may need to
digitize a 10 kHz sinusoid (as the
highest frequency to be preserved in a
complex waveform) to a resolution of
12 bits. The chart shows we must have
an aperture time of no greater than
42 ns. Thus we see extremely fast
converters are needed for direct
conversion of moderately
high-frequency signals at high
resolution.

A sample-and-hold circuit
circumvents this difficulty by takinga
rapid narrow-aperture sample of a
signal and holding it in a simple
analogue store long enough for the
converter to act with a much wider
aperture time. Figure 14 shows such a
system. To preserve the highest signal
frequency of a complex signal we only
need to sample at twice (or higher) the
signal frequency (Shannon’s sampling
theorem). This is a considerably slower
rate than needed for direct A/D
conversion. If sampled too slowly, not
only will higher frequency information
be lost but an effect, called aliasing,
will occur by which a lower frequency
is generated that may not exist in the
original signal.

As mentioned above sample-and-hold
circuits are also used in DAC’s to
remove glitches.

Basically a sample-and-hold
comprises a capacitor with which to
store an analogue voltage level, and a
switch to charge the capacitor to that
value in a way that can be rapidly and
effectively isolated from the source. In
practice low leakage FET switches are
used in conjunction with {C op-amp
integrators. It is also important to
buffer the output of the
sample-and-hold to reduce the loading
which would otherwise decay the
stored level,

Many circuit variations exist, the one
shown in Fig. 12 — a closed loop
configuration — gives good linearity
and accuracy. When extremely long
storage times, or negligible decay with
time is needed, the voltage on the
capacitor can be transferred via an
A/D converter into a digital storage
register and back again into analogue
form via a DAC as shown
schematically in Fig. 13. This naturally
increases the cost considerably. More
detailed information is available in
"’ Analog-digital conversion handbook”
TH6, by Analog Devices.

MULTIPLEXERS

The task of the multiplexer, shown
in Fig. 14, is to sequentially connect a
multiplicity of compatible inputs to a
single output line. In the case given in
Fig. 14 it feeds a sample-and-hold,

OUTPUT OF DAC

D/A CONVERTER REFERENCE
ANALOGUE - L
INPUT [TT1 ANALOGUE
INPUT
PROGRAMMER cLock
L cowAnATon"l_‘_‘_l_l_I_‘
OUTPUT RESISTOR BIT TIME
TIME
DIGITAL
DIGITAL 101101111

Fig. 9. In the successive approximation A/D converters a DAC is used to convert the
incremented digital stage output back to analogue form for comparision with the input.

Fig. 10. Schematic of servo A/D converter system.

ANALOGUE 0
INPUT
fo W COMPARATOR
D/A
REFERENCE CONVERTER =
ANALOGUE
...... INPUT
N\ ODIGITAL
( OUTPUTS
d ? °
COUNTER
CONTROL
CLOCK o e

OUTPUT FROM DAC

tafe—

APERTURE TIME

UNCERTAINTY

WAVEFORM BEING
DIGITIZED AMPLITUDE

SINUSOIDAL FREQUENCY (Hz)

ImS
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1uS V,‘J 3.

e

XN

OO NI Y
100nS ANINS =
0,)6‘
N \
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N
b
nS \1
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Fig. 11. Graph showing
relationship between
aperture time required,
resolution of signal
conversion and frequency
of sinusoidal signal
undergoing conversion.

which stores the signal for A/D  very low on-to-off switch resistance
conversion. ratio. Solid-state multiplexers mostly
A multiplexer consists, therefore, of  use MOSFET switching devices feeding

as many switches as there are input a

buffer

stage (a voltage follower

channels to be combined. In practice  configuration which has extremely
these must possess adequate speed and  high, 109 ohms, input impedance).
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ELECTRONICS —it’s easy!

FAST GATED c [INTEGRATOR
ANALOGUE SAMPLING SWITCH 11
INPUT \ 1t
R
ANALOGUE
o—4 OUTPUT
—O
R
Fig. 12. One form of stable and accurate sample-and-hold circuit.
. o
FURTHER READING a I E 1 o
A comprehensive discussion of the L— <|i|elt 3
topics, and a long bibliography, of this o
part is to be found in “’Analog-digital ISOLATION 3
conversion handbook’’, D.H. SWITCH
Sheingold, Analog Devices, U.S.A. R "
1972. Less extensive but nevertheless - ~
very useful articles are — “Engineering ANALOGUE
product handbook”, Datel Systems, INPUT O
CAT-T99405, 1974, US.A. 2
‘*Analog-to-digital conversion
techniques’’, E. Renschler, Motorola -
Semiconductor Products Inc., AN‘_4711: Fig. 13. Infinite hold is obtained by transferring the
1969, U.S.A. “Product Guide”, integrated value into a digital store using A/D and
Anatog Devices, 1975, U.S.A. ® D/A conversion.

MAINS TRANSFORMERS

PRI 110/240v sec SOv at 10 amps. £10.00. P.
£1 50.

PRI 110/240vsec 20/21/22v at 8 amp. £6.00.
PP £1 50

PRI 110/240vsec 23/24/25v at 10 amp, £7.00.
PP £150.

PRI 110/240vsec 24/40v at 1V2 amp, £1. 90

PP 60p
PRI 240v sec 20/40/60vat2 amp, £3.00.P P, 70p
PRI 240Qvsec. 20vat 2¥2 amp, £2.00. P P 65p

PP 50p
PRI 240vsec 18vat 1 amp, €1,10.P P 35p

PRI 240vsec 27/0/27vat800 m/a. £2.35.P.P 50p_

P

PRI 110/240vsec. 50vat 10a,ps, £10.00.P P £1 50.

PRI 240vsec 18vat1 5ampand 12vat 1 amp, £2.25.

CIRCUIT BOARD

PCB 1/16 10z COPPER

FORMICA

Dim 84 x7-71n 3 pcs . 80p.

S-DECS AND T-DECS

S-DEC £1.90 T-DEC £3.60

U-DECA £4.20 U-DEC B £6.90 } PP 25p

Dim 9-4 x8:1.n 3 pcs., 90p

Dim. 10-1 x 7:9.1n 3 pcs.. £1.00.
Dim. 131 x 9:4 in 3 pcs., £1.20.
Dim 17-0x9-0in 2 pcs., £1.20.

PP 35p

FIBRE GLASS BARGAIN PACK

200 sq in single & double sided pieces. £1.25. P P.
25p.

BARGAIN PACK

10 pes. 10-1 x 7-9 1n. Plus free ¥2lb etching Xtals, £3.10. -
PP 45p.

12 volt MINI UNISELECTOR

11 way, 4 bank (3 non-bndging 1 homing), £2.50.
PP 35p

24 volt MINI UNISELEGTOR

11 way, 6 bank (5 non-bridging. 1 bndging), £2.00.
PP 35p

FIBRE GLASS P.C.B.
Dim. 6 x 6 in. 50p sach.
0im. 12 x 6 in, 75p each,
Dim. 12 x 12 in, £1.30 each.
Equals less than 1p sq. in.

PP 15p

SIEMENS MINIATURE RELAYS
6v 4c/0 with base, 65p ea.
24v 2¢/0 with base, 50p ea.

HIGH CAPACITY ELECTROLYTICS
250mfd/63 volt, 20p. PP 8p

100mtd/ 100 volt, 70p. P.P 25p

2200mfd/ 100 volt, 90p. P P 25p.

4700mfd/ 25 volt, 65p. P P 20p

6800mfd/ 16 volt 50p. P P 15p

10,000mfd/ 25 volt. 75p P P 25p
47.000mfd/ 40 volt £2.00.P P 50p
100,000mfd/ 10 vot. £1.50. P P 50p
160,000mfd/ 10 volt, £2.00. P P 50p

DOUBLE SIDED P.C.B. FIBRE GLASS
6 x 6 in, 40p.
12x6in, 65p.
12x12in, £1.20.

PP.15p

3 GANG TUNING CAPACITOR

8.5pf to 320pf, 80p. P P 20p.

MAINS RELAY 240v

3 ¢/0 10 amp contacts £1 with base

ETCH RESIST PENS

55p. P.P. 5p

MINIATURE RELAYS

{1% x 1% x ¥2) 24v, 4 c/0. 40p.

FERRIC CHLORIDE ETCHING XTALS

MINIATURE METERS

500 micro-amp (level-stereo beacon, etc ). scaled half
black /haif red. Size 1 x 1 .\n 65p. PP 15p

1 |b makes 1 litre pack, 70p. P.P. 35p
S Ib makes 5.litre pack, £2.65. (33 65p.

OVERLOAD CUT-OUTS

Panel mounting 800 M/A 1 8 amp, 10 amp 55p ea

PRINTED CIRCUIT KIT

A.M. F.M. TUNING METER

125-0-125uA, edgewrse 1% x 2 £1.10.

The no frlls all value kit Containing 4 pcs 8 x 7 Formica
laminate 1 pce 6 x 6 Fibre glass laminate, 1 Ib Etching
Crystals, 50 ¢ ¢ Resist ink, with instructions £2.40.PP
65p.

SIGNAL STRENGTH METER

260 uA (illum) Edgewise 12 x 2. £1.10.

SCR-THYRISTOR
1amp 400 P | V. 35p.
S amp 400p P V. 35p.

BLUE P.C.B. INK

Etch resist, use with any pen Much cheaper than ready
loaded pens 50 c.c 55p. P P. 10p.

OUTPUT METER CLEAR PLASTIC

500uA 1%z x 1¥2 square £1.30

EDGE CONNECTOR

54 way -1 vero size etc
Can easily be cut to any length, 55p. P P. 10p.
Side Guides to suit the above 15p ea

KINNIE COMPONENTS

10 NELMES WAY, HORNCHURCH
ESSEX RM11 20z
HORNCHURCH 45167

MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT
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FIVE OF THE BEST FROM

0 D
BC
CORD F B
[TERY CHARG
SYNCHRC :
A
N K
v r
l" .
< 1311
3 ® ¢ BENM AJ
03 N ) L)
° DU » ’
e KU e 1 ¥ W s 4600 Synthesiser — complete reprint of our
n® A H\SVT: & superb synthesiser design produced by Maplin,
. ° e who can also supply the parts. £1.50 + 15p
L]
e 1 D »
L] LIS L J

Project Book Two — contains 26 popular
projects from the pages of ETI, first published
July 1975. 75p + 15p p&p

Project Book Three — 27 more popular ETI
projects, first published March 1976.£1.00 +
15p p&p.

COMING SOON
TOP PROJECTS

ORDER TWO OR
MORE:

and pay postage only

No. 4 on the first!

Electronics — It's Easy — the first thirteen
parts of our popular introductory series and a
good way to begin finding out mote about your
hobby. £1.20 + 15p p&p.

- h
Vokeme 1 4t’'s easy
o N gbashers 8t MECITOMCS 18Ry Mmiernatonal

Electronics — It's Easy Volume 2 — the next
wwelve parts in our series for beginners. £1.20
+ 15p p&p.

electronics
Vokme 2 -t’'s easy

URDERS T0 from the puhsaers of electronics today internationat

ETI SPECIALS DEPT
ETI MAGAZINE
36 EBURY STREET
LONDON SW1W OLW

Please mark on rear of envelope
which books you require.
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IN ANY COMPUTER SYSTEM
whatever the size there is always a
need to store information which can
be retrieved at a later date by the
same or another computer. The data
can be stored inside or outside of
the man CPU area, inside it would
be stored in RAM but outside we
have the alternatives of a large RAM
store, magnetic tape, paper tape or
cards, or a magnetic disk. The main
problem with tape is that the data is
in serial form and can only be
retrieved in the same sequence as it
was written; on the other hand a
magnetic disk can be written or read
in a none-sequential form thus
allowing direct access to any part of
data on the disk file.

The disk always used to be a
collection of disks (about 10) each
about 15-20 inches in diameter and
all based on a central pillar looking
very much like a pile of LPs except
that each was separated from the
next by about half an inch. Each
disk in the pile was divided into 200
‘grooves’ except that the ‘grooves’
were in fact magnetic tracks, one
R/W head per disk side travelled
across the disk and stopped at the
selected track. The R/W head for
the selected disk would then read
the track until is recognised a
marker called the 'Home Address’
which was the start of the data on
that track. The R/W head could
then select a logical record or even
one bit and read or write that
particular location.

The logic involved in locating a
particular record would involve a
table which would be in main RAM
storage, this table was usually kept
on the disk at a fixed location. The
table would contain for instance a
record number and its address on
the disk in the form of disk and side
number of the 20 available, track
number from the 200 available and
possibly its position on that track.

70

ELECTRONICS
TOMORROW
by Johin Miller-Kirkpatrick

Thus to record AC12345 we would

first look up that code in the table,

this would tell us that this record
was the third record on track 175
on side 5, the computer would then
cause the disk drive to move all of

the R/W heads to be opposite track

175 on each disk, all 20 R/W
heads would then start to read the
20 track 175s but only the data
from head 5 would be sent back to
the OPU. After the 'Home Ad-
dress’ marker had been recognised
the logic then ignored two records
and read the third record into main
storage thus completing the read
cycle. This record could then be
modified and replaced by a similar
sequence of events.

When the ‘its Better Manually’
people introduced their 370 range
of computers the CPUs had a unit
called a Diskette reader. The disk is
a floppy plastic disk about the size
of a 45 covered in magnetic film.
When the disk is revolving at high
speed two R/W heads (one each
side) move across the disk to
selected tracks and read or write
into records on the tracks, because
of its pliability this type of disk is
now referred to as a Floppy. Floppy
drives are now available from many
manufacturers and are used widely
in minicomputer systems as well as
some microprocessor systems.
Prices seem to start at about £750
in the States for a basic unit, a
completely cased unit with all the
knobs and whistles added can cost
over £2,000.

SAVE YOUR OLD LPs.

What is needed is a low cost system
which can be used by those who
cannot afford £2,000 for
MPUs or other logic. How feasible
would it be to have a conversion to
an ordinary record player to allow
you to play an LP covered in
magnetic film with a cheap

their.

record/play head travelling back
and forth across the LP selecting
one-of say 50 tracks? If one side of
the LP was covered and 50 tracks
about '4in. apart were layed out
from the rim towards the centre
then the smallest track would have a
circumference of about 10 inches.
At 331/3 rpm this centre track
would be travelling at about 5in per
second which is a good recording
speed for music or data. The
cassette recording system CUTS
could be used for the disk thus
allowing 300 bits per second or
600 bits per track to be recorded.
This would allow for 15000 bits per
disk with a maximum access time of
about 5 secs. A RAM of the same
capacity would cost about £60 and
would have an access time of 1uS,
there is therefore a requirement to
hold a ot more than 15000 bits per
LP to make the disk unit worth
building. Recording at the same
speed as a cassette machine would
multiply the capacity and access
time by three, recording more tracks
per side would require very accurate
mechanism for the travelling R/W
heads. So what is the answer, any
of you geniuses (or is it genii?), any
brilliant ideas on the subject?

CMOS COUNTER
Natonal Semiconductors have
announced a range of CMOS

counter chips with the codes MM
74C 925, 6, 7, 8. These CMOS
counters consist of a four digit
counter, internal output latch, NPN
outputsource, int. drivers for a seven
segment display, and an internal
multiplexing circuit with four multi-
plexed outputs. The MM 74C925 is
a four decade counter with Latch
Enable, Clock and Reset inputs, the
926 is similar but includes a display
enable and a carry output which
goes high when the count reaches
6000. The 927 is similar to the
926 except that digit 2 divides by
six to give a maximum count of
9599, thus if the input frequency is
10Hz the display would read tenths
of seconds, seconds and up to 10
minutes. The last one in the range,
the 928, is programmed to behave
as a 3'2 digit counter where the
maximum count is 1999 The
counters advance on the negative
edge of the clock pulses and the
reset input has to be low to count
and high to reset all of the counters
and the carry output to zero. The
latch input will cause the data in the
counter to be stored in the display
register on a high to low transition
of this input, the display enable
input will cause either the counter
or the latch contents to be dis-

played. ’ o
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““No, No dammit! That suit was for the Plasma Torch Barbecue . . . this string one’s for the microwave oven.

ETI DIGITAL MULTIMETER KIT DMKI

This kit has been specially made available to ETI readers, and comes complete, down to the last screw.
All you need is a few spare hours and some toois. The result will be a superb piece of test equipment that

will be of invaluable use to the serious constructor or test lab.

Special Note:

This kit has been produced
in conjunction with the
designer and author of

the project in this

issue of ETI as

several parts are

not normally available,

or specially manufactured.

Please allow 21 days for delivery

* A demonstration model can be seen Inc. VAT &
working at our electronics centre. Postage
S.A.E. list. (UK)

* High accuracy, spec as in
project text.

Designer approved kit.

Sitk screened panel with all
lettering

Test leads, prods, etc. sup-
plied.

Assembly instructions includ-
ed.

B H COMPONENT FACTORS LTD.

LEIGHTON ELECTRONICS CENTRE
59 NORTH ST., LEIGHTON BUZZARD, BEDS. LU7 7EG
TEL: 2316 (STD 05253)

GOVERNMENT & EDUCATIONAL ORDERS ACCEPTED
GIRO NO 331 7056 - ACCESS & BARCLAYCARDS ACCEPTED

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1976

ORDER FORM
TO B H COMPONENT FACTORS LTD.
59 NORTH ST., LEIGHTON BUZZARD, BEDS.

Please supply 1 DMK1 kit
Name

Address

| enclose ¢heque /PO for &

Access of B/card Nol— L__L f 1
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tech-tips

UNIVERSAL METER RECTIFIER

This circuit can be built for about £1
but could save pounds in multimeter
repair costs.

The meter movement is removed
from the meter circuit, it's place
being filled by the input (terminals
A and B) of the circuit shown. Pin 2 of
the 741 remains at the same potential
as pin 3, so the input signal "sees’ R1
as it's load. However, the current
which flows through R1 does not flow
into pin 2, but through D1-D4, the
original meter movement M1 and RMS
correction resistors R2, to pin 6.
Hence the circuit is current controlled,
and so unaffected by the non-linearity
of the rectifier, D1—-D4.

R2 should only be in the circuit if
it -is desired to measure RMS AC
vatues, all measurements are made on

M1

P

2

o
A
1

T
20
L . .

D3

D2

=

.
A

10k

E

“M1 15 the ex:sting meter
movement, of resistance RM

tR1=RM
R2-2 4 RM

D14 any small signal diode

SET ZERO

v

-l;—
Dy

the DC ranges of the instrument.
R1

and R2 should be

close

i
i
|
{

———«"oihv—lFJ

tolerance types for accuracy; the

circuit is accurate up to 100kHz.

TTL CRYSTAL MARKER

COMMON _‘F. .1—1 OkHz
L]

TMHZz

ICPIN
7

PIN LAYOUT
OF CRYSTAL

—Ot

DPDT TOGGLE
SWITCH WITH
CENTRE OFF POSITION
——————

| »—J 100kHz

OFF
] 1MHY

k5

7 ov

RX RF

CIRCUIT SOCKET

7400 1C

b —

RX AERIAL

This circuit was designed to make use
of an old 100kHz—1000kHz 10X, 3
pin twin crystal, which are available
from Henry's Radio.

With the switch in the 100kHz
position the OV line is applied to pin 7
of the 7400 (connecting ie. to supply)
and also to pin 12 which disables gate
A. This allows gates B and C to
operate as an oscillator at the cry-
stal frequency of 100kHz.

With the switch in the 1Mz position
the ‘inhibit’ line is fed to pin 2. This
disables gate B and allows gates A and
C to operate as a 1MHz oscillator.

As DC switching is employed the
switch can be remote from the osc-
illator unit. Gate D is used as a buffer/
shaper stage.

The output of the unit is loosely
coupled to the aerial input lead pro-
viding adequate marker amplitude well
above 30MHz.

SIMPLY MONO

By simply cross connecting the NC
contacts on the two standard jack

sockets in a stereo system, auto-
matic  stereo/mono  switching s
achieved.

On the input to stereo tape record-
ers, this gives a mono recording on
both tracks wheneber only one mic. is

72

used. This gives an
figure and a more acceptable central

HW/L

—

[ ]

LH

HVK

b ¢ ¢

increased S/N
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mono sound image, as opposed to an
image at extreme right or left.



AUTOMATIC CASSETTE
TURN OFF

This circuit was designed to turn off a
cassette when it reached the end of the
tape.

It works because a cassette takes a
great deal more current in the ‘stall’,
condition than while actually running.

The components used are by no
means critical those listed were
closest to hand when the device was
first constructed.

When using the device SW1 closes
at the instant of switch on. This is
due to the motor being stationary, and
passing excessive current.

The power from the PSU passes

Tech-Tips is an ideas forum and is not aimed at the beginner.

We regr

we cannot answer queries on these items.

ETI is prepared to consider circuits or ideas _subm-tted by
readers fon? thpis page. All items used will be paid for. Draw-
ings should be as clear as possible and the text should prefer-
ably be typed. Circuits mast not be subject to copyright.
Items for consideration should  be sent to ETI TECH-TIPS
Electronics Today International,© 36 Ebury Street, Lomdon

SWIW OLW.

+6-10V

g

O O—10—¢ )

F1

+

FROM PSU

+

TH *

A TO CASSETTE

[o

F1 15-2A THERMAL TRIP
TV TYPE

BT106

10R CONVERGENCE POT
SMALL PUSH TO MAKE
NORMALLY OPEN

TH1
VR1
SW1

through the trip and flows through
the motor. This gives a PD across the
resistor, and when this rises to the

At

VR/WW

™ swi

trigger point of the thyristor it will

SIMPLE CAR ALARM

R1
1,5M

C1 =
22uF

- 12v
ON/OFF

BF Y50
OR SIMILAR

I
!

RLA2 ;

NOTE
RLA-12v ABOUT 200R

741 -VE SATURATION INSUFFICIENT TO TURN OFF VT1.IF ZD1

1S OMITTED SOME TYPES OF RELAY MAY NOT RELEASE
ALL RELAY CONTACTS SHOWN RELEASED.

‘short” the HT line triggering the
trip.
At the instant the door switch is

operated the +Ve 741 input is at 2/3
the rail voltage. The —Ve 741 input is
fully negative. The —Ve input is thus
—Ve_ with respect to the positive input
and an output near the rail voltage
results turning on VT1 and operating
RLA.

RLA1 sounds the horn and so must
have heavy duty contacts. RLA2
shunts the door switch and also
removes the short from C1. C1 now
charges Via R1 until the voltage at {C1

Ve is approaching that of the +Ve
input. The output of IC1 now falls
until —Ve saturation occurs and VT1
ts turned off releasing RLA. This takes
approximately C1 x R1 seconds. The
components shown gave a 30 second
delay in the prototype.

LDR MAINS CONTROL

This circuit is used to turn off and on
a light of up to 100W. When LDR1 is
shaded from any incident light it will
cause the output of the amplifier to
fall, thus switching of TR1 and causing
the thyristor to be turned on. The
light will remain on because of the
introduction of LDR2, which feeds
the inverting input of the amplifier.

To turn the light off, LDR2 must
be shielded from the light of the
bulb.

To set the circuit up it is necessary
to adjust VR 1 by trial and error until
LDR1 turns the light on and LDR2

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1976

LDR2
ORP12

WA
]
8

ov o ; <

U
LM3900™>— “;X)V
>
THYRISTOR

470R
1N4004

]
s

? NEUTRAL

||

switches it back off, and the normal
level of background illumination has
no effect.

LDR1 and LDR2 should be placed
in full view of the light they are
switching.
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tech-tips

20W SLAVE AMP

This amplifier is very simple to build
and most of the parts will probably
be available from the constructor’s
‘junk’ box. The circuit consists of a
Darlington pre-diiver, Q1 and Q2, a
VB multiplier Q3 and a quasi- ' b s
complementary output stage Q4-7. = 100u/40V
Overall shunt feedback is applied
from the collector of Q7 to Q1's base
via R3 which, in conjunction with
R2, also provides DC feedback and
input bias. The voltage gain, and hence
the sensitivity of the amplifier, is set at
33 and 370mV by the ratio of R3 to
R1. y -
Quiescent current through Q5 and — 2.2004/50V
Q7 should be set at 30mA by PR1. c R1 p 2N3055
The collector load of the Darling- o—— W
ton, R4 and Rb, is bootstrapped by a7u 4Tk
C2 to provide a current drive for the
output stage.
Although simple the amplifier is Taz

capable of good quality reproduction
and will operate quite happily into a
4,8 or 16R load.

OO~
CHEAPO OSCILLATOR

™

The two inverters give a gain of 100; [_ AANA

g o ; — v 1
the MOSFET reducing this to a iL:4007
. . h . {
necessary level to just sustain oscillat- '(‘,) >©:®
ion > T

Supply voltage can be between 5V
and 15V. (10V is recommended). Do
not try to obtain more than TmA from
the circuit. At 5V supply a buffer is
required.

The supply should be ripple free, as
any ripple will be passed to the
output.

VOLTAGE CONTROLLED
AMPLIFIER

When the voltage at the gate of a
n-channel MOSFET is varied from OV
— supply volts its resistance varies

from about 1k§2 to several tens of

megohms. This fact is utilised in the e . ;
following VCA. The inverter is biased o_iut s 1 Y [+ !'F_‘
into linear operation by the 10m{ -

resistor. When feedback is applied the

gain is set by ®{yn. By allowing a CONTROL VOLTAGE
MOSFET to be RIN and RF fixed,

with the values shown as the control

voltage varies from Vpp — Vss the

gain of the amplifier varies from cut-

off to just over unity.

1/3 4007
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Can anyone beat
the Aliair System?

When it comes to microcomputers, Altair from MITS is the
leader in the field. 4000 units sold in AMERICA in 1975.

The Altair 3800 is backed by a complete selection of plug-in
compatible boards. Included are a variety of the most advanced
memory and interface boards. PROM board, vector interrupt, real
time clock, analogue to digital converter, and prototype board.

Altair 8800 peripherals include a revolutionary, low-cost floppy
disk system. Teletype, line printer, and soon to be announced CRT
terminal.

Software for the Altair 8800 includes an assembler. text editor
monitor, debug, BASIC, Extended Basic and a Disk Operating
System. And, this software is not just icing on the cake — it has
received industry-wide acclaim for its efficiency and revolutionary
features.

But MITS hasn’t stopped with the Altair 8800. There is also the
Altair 680 — complete with memory and serial I/O — built around
the new Motorola 6800 microprocessor chip.

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1976

We doubt it.

MITS doesn’t stop with just supplying hardware and software
either. Every Altair owner is automatically a member of the Altair
Users Group through which he has access to the substantial Altair
software library. Every Altair owner is informed of up-to-date
developments via a free subscription to Computer Notes. Every
Altair owner is assured that he is dealing with a company that
stands firmly behind its products. Altair didn’t become the leader
by messing around.

Send for more information about the microprocessor products
available in either kit or assembled form

Also the mewly announced Compelec small business system
module configuration for OEM’s and system software houses.

Compelec Electronics Ltd.

310 Kilburn High Road, London, NW6. Tel: 01-328 1124
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15

HY5

Preamplifier

HY30

15 Watts into 8Q)

HY50

25 Watts into 8Q)

HY120

60 Watts into 8Q)

HY200

120 Watts into 8()

HY400

240 Watts into 4Q)

POWER
SUPPLIES

I.L.P. Electronics
Crossland House

Kent CT4 7AD

Nackington, Canterbury

Tel (0227) 63218

— 240 Watts!

The HYS & a mono hybod amplhifier ieally suited for all apphcations  All common mpur functions
imag Cartndge  tuner etc) are catered lor imtemally the desired lunction s achieved either by a
it way switch or direct connection to the appropriate pins The internal volume and tone circuits
merely requite connecting to external potentiometers (not included) The HYS 15 compatible with all
1L P power amplitiers and power supplies 1o ease constructiun and mounting a P C connector 18
supplied with each pre amplifier

FEATURES: Complete pre-amphtier i1 single pack
distortion - High overload
APPLICATIONS: Hi-Fy
SPECIFICATIONS:
INPUTS  Magnetc Pick-up 3mV  Ceramic Pick-up 30mV  Tuner 100mV Miciophone 10mV
Auxiiary 3 100mV input impedance 4 7ki) at 1kH.

QUTPUTS Tape 100mV Main output 500mV R M §

Mutti tunction equalizatior Low noise - Low

Two simply combined for stereo

Mixers - Disco - Guitar and Organ — Public address

ACTIVE TONE CONTROLS Treble - 1208 a1t 10kHz Bass - at 100H:z
DISTORTION Ot at 1kHz Signal Noise Ratio 68dB
OVERLOAD 38d8B on Magnetic Pick-up SUPPLY VOLTAGE - 16 50V

Price £4.75 + 59p VAT P&P free.

The HY30 1s an exciing New kit from | L P 1t features a virtually (ndestiuctible with short chcust
and thermal protection The kit consists of 1 C  heatsink P C board 4 resistors 6 capacitors
mounting kit together vath easy to follow construction and operating instructions This amplifier 1s
deally suited to the beginner in audio who wishes 1o use the most up to-daie technology available
FEATURES: Complete Kit Low Distortion Short Open and Thermal Protection Easy to Build
APPLICATIONS: lipdating audio equipment Guitar practice amplhifies Test amphtier aud
oscillator

SPECIFICATIONS

OUTPUT POWER 15W RM S 1o 8! DISTORTION O 1+ at 15W
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10H2 16kH~
SUPPLY VOLTAGE - 18V

Price £4.75 + 59p VAT P&P free.

3d8

The HY50Q leads ! L P s total integration approach to power amphfier design The amiphitier features ar
ntegral heatsink together with the simphcity of no external components During the past three years
the amplifier has been refined to the extent that it must be one of the most retiable and robust High
Fidelity modules in the World
FEATURES: Low Distortion
No external components
APPLICATIONS: Medium Power HiFi systems
SPECIFICATIONS: INPUT SENSITIVITY 500mV
OUTPUT POWER 25W RMS into 8! LOAD IMPEDANCE 4 16:! DISTORTION 0 04
TkHz
SIGNAL NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz 45kH,
SUPPLY VOLTAGE - 25V SIZE 105 50 25mm
Price £6.20 + 77p VAT P&P free.

Integral Heatsink Only five connections 7 Amp output Hansistors

Low power disco - Guitar amplitier

at 25W at

3d8

The HY120 is the baby“ol 1L P s new high powe' tange designed to meet the most exacting

requirements including load hine and thermal protection this amphfier sets a new standard in modular

desiyn

FEATURES: Very low distortion - Integral heatsink

Five connections - No exteraal components

APPLICATIONS: Hi-Fi High quality disco

organ

SPECIFICATIONS

INPUT SENSITIVITY 500mV

OUTPUT POWER 60W RMS into 80 LOAD IMPEDANCE 4 16! DISTORITION 004

1kHz

SIGNAL NOISE RATIO 90dB FREQUENCY RESPONSE 10H:45kH,
35v

S1ZE 114 50 BSmm

Price £14.40 +£1.16 VAT P&P free.

Load tine protection Thermat protection

Pubhc address Monior amplhtier Guitar and

at 60w at

3dB SUPPLY VOLTAGE

The HY200 now mproved 1o gwve an output of 120 Watts has been designed to stand the most
rugged conditions such as disco or group while stll retaining irue Hi-Fi performance

FEZTURES: Thermal shutdown - Very low distortion Load line protection nteyral heatsink
No exlernal components
APPLICATIONS: Hi-Fi
SPECIFICATIONS
INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 8! LOAD {MPEDANCE 4 16! DISTORTION 0 05

Disco - Monitor Power sfave industnal Public Address

at 100W at

TkHz

SIGNAL NOISE RATIO 96 dB FREQUENCY RESPONSE 10Hz-35kHz 3dB SUPPLY VOLTAGE
asy

SIZE 114 100 85mm
Price €21.20 + £1.70 VAT P&P free.

The HY400 s | LP s Big Daddy of the range producing 240W in(o 4121 it has been designed for
high power disco or public address applications If the amphlier 1s to be used at continuous high power
levels a cooling fan s recommended [he amplifier includes all the qualities of the rest of the famuly tc
lead the market as a true hsgh power hi-fidelity power module

FEATURES: Thermal shutdown Very low distortion Load line protecton No external
componer (s

APPLICATIONS: Public address -~ Disco - Power slave Industrial

SPECIFICATIONS

OUTPUT POWER 240W RMS into 41) LOAD IMPEDANCE 4 16:) DISTORTION O 17 at 2:10W at

1kHz

SIGNAL NOISE RATIO 94dB FREQUENCY RESPONSE 10H,-15kHz
45v

INPUT SENSITIVITY 500mV . SIZE 114x100x85mm

Price £29.25 + £2.34 VAT P&P free.

3d8 SUPPLY VOLTAGE

PSU36 swtable for two HY 30 s £4.75 plus 59p VAT P Firve

PSUS0 sutabte for two Y50 s £6.20 plus 77p VAT PP iree

PSU 70 suntable for two HY120 s £12,50 plust 1 00 VAT P P free

PSUS0 suitable tor one HY200 €11.50 plust0 92 VAT P P ires

PSU180 surtable for two MY200 s ar ane Y400 €21.00 plust ) 68 VAT P P free

Please Supply

Available
June ‘76

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

Ltd

Total Purchase Price_

| Enclose Cheque O Postal Orders O

Account number. 5

Money Order O
Please debit my Access account O Barclaycard account O

Name & Address

Signature




Texan Amplifier

as featured by
PRACTICAL WIRELESS
SOLE U.K. DISTRIBUTORS — HENRY’S

Bl #yverSeh ¥or on wammm

built Stage

KIT PRICE inc.vat+ £1.00 psp | [eneiie
Built and tested £42.00 inc. VAT + £1.00 p&p Ask for
Build the Texan stereo amplifier, then you can be lesflets 5.
doubly proud! For astart, you'll own a superb home % Everything
entertainment unit. And have had all the pleasure of
doing it yourself, with the Henry's kit. neces;ary
Look at the Texan specification supplied.
Incorpolating fully integrated stereo preamp and poweramp, Full after
with 6 IC’s, 10 transistors. 6 rectifiers and zener diodes. Plus |
Stabilisied, protected ciscuitry, giass fib pcb . Gardeners sa e_s
low-field low-line mains transformes ; all facitities and service and
controls. Slim design, chassis 141" x 6" x 2" overatl. 20 watis
perchannei RMS, less than 0.1% distortion at 1 kHz guarantees,

TEXAN FM 2 50
TUNER KIT £+3

Builtand tested £28.50inc. VAT
+50p p&sp

Build the matching Texan stereo tuner !
Features advanced varicap tuning. Phase An UD-10-the
lock loop decoder. Professionally minute game.
designed circuit. Everything you need is tugs into Your ow
inthe kit. From the glass fibre pch to the n
cabinetitsell. Excellentspec: 2.5 uv
aetial sensitivity. 500 mV output
(adjustable). Tuning range 87-102
MHz. Mains powered.

THE NATURAL FOLLOW-ON

@ SILENT RUNNING @ LARGE
4 WLUMINATED NUMERALS
‘4 ®A.C.MAINS @ SIZEB3 x 22 23

N
NORMALLY £24.06 WITH CASE

HENRY'S

ELECTRONIC / Dl
EL nic / Ofs

CATALOGUE Plf/ccol”ﬂr

h0p feor 200y (ST

20p/ M0 rop , Whes

carr/pack %ﬁﬂ/

A 4 (0TS OF3£16.50
1] INCV AT andPaP

A1l you have 10 da 1s make 2 casing and you ve got a £2400 Drgnal it

All mailto: Henry's Radio
303 Edgware Rd.London W2

LONDON W2:
404/6 Edgware Road. Tel: 01-402 8381

LONDON W1:
(lower sales floor) 231 Tottenham Court Road.
Tel: 01-636 66381
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ENGINEERS

Thiskkpage
FREE book
shows how!

33

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotion, a better job, higher pay?
“New opportunities” shows you how to get them through
& low-cost, Home Study Course. There are no books to
buy and you can pay as you learn.

This easy to follow GUIDE TO SUCCESS should be
read by every ambitious engineer. Send for this helpful
‘44-pagefreebook NOW!Noobligation,nobody willcall
onyou. [tcould be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HERE
mm mm CUT OUT THIS COUPON mm mm

Tick or state subject of interest. Post to address below.

ELECTRICAL & AUTO & AERO MECHNICAL l
O

ELECTRONICS AMSLE. (Mech)
Practical Radio & ) Motor Mechanics ] General Mech. Eng. []
Electronics (with Kit) [ ¢ & G Motor V Aech. tng. I
Electronic Engineering Mechnics ] ’llflslhslréig;:?rs & 0
Certificate General Auto CH I
General Elect. Engineering [] Maintenance
Eng.Certificate AMIMI 0 Engineering O o
C & G Elect o Welding 0 I
Installations Air Registration Board

Certs, 0 I
Elect. Instali. & Work I

MAA/IMI Dip. 0
C & G Elect MANAGEMENT &
Technicians [} PRODUCTION

Computer 0

RADIO AND TELE- Programming O I
COMMUNICATIONS CONSTRUCTIONAL Inst. of Cost & :

Colour TV Servicing

C & G Telecoms.
Technican's Cert.
C & G Radio, I'V &
Electronics Mech.
Certificate

Radio & TV
Engineering Course

Radio, Servicing &
Repairs

Radio Amateur's
Exam

NAME (Block Capitals)

ADDRESS

Other subjects of interest

. Accredited by C.A.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLDGY

Heatung Ventilating &
Air Conditioning [

Architectural
Draughtmanship &
Design

L1OB. O
Carpentry & Joinery [}
Plumbing Technology[ |
General Building [

Painting &
Decorating [}

Management Accts. (] l

DRAUGHTSMAN- l
SHIP & DESIGN I

General
Draughtsmanship (]
AM.ILED. () I

Electrical ) F
Draughtmanship 1

G.C.E.
-58°0’ & ‘A’ Level Subjects

l —over 10,000 Group Passes!

Aldermaston College

Dept. TET 19, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y 5EJ. Tel. 01-628 2721.

Postcode

Age
Member ot A.B.C.C
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::electronic modules 1WA ‘

sales only via wholesale dealers

0
ROTEX EMIMEN HOLLAND
PO.BOX 260, TELEF. 0103151016810 , TELEX 53910
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New to the UK from PRONTO

Battery operated LCD read out
CALENDAR CLOCK KIT -crystal accuracy-

Bold Digits-runs on two Penlight Cells.

Now is the time for the hobbyist to move into Advanced

Technology with Pronto!
PRONTO MODEL 301

United Kingdom.

*Battery operation — two small alkaline cells give a minimum

life of 12 months,

*Superb accuracy through crystal control — of 3 minutes a year

*Wide angle display with % digits

*Push Buttons give choice of 3 display modes — hours minutes

- The first completely portable liquid
crystal display, digital CALENDAR CLOCK KIT offered in the

on 12 hour display with flashing colon, or seconds, or date.
*PRONTO 301 comes complete with easy to follow

instructions AT £29"50including V.A.T. You save
Pounds off the recommended retail price of a

comparable made up clock.

-TERMS: Cash with order — make cheque and/or postal order

payable to PRONTO ELECTRONIC SYSTEMS LIMITED.

(P& P Overseas £1.50)

y-—=

=

- /059

= PRONTO

U.K. £0.45

=

PRONTO Fiuorescent Display
Alarm Clock KIiT

Wake up to the electronic age with the
new PRONTO 304 Alarm Clock

==\

*lngenious gravity alarm — time setting I

mode switch

*Full assembly instructions I

AT £]5'50 including V.A.T.

With all PRONTO products -
from the Trade, as well as the Hobby ist,
are welcome, and you can also buy
individual components!

PRONTO CONSTRUCTOR’'S CLUB
When you buy your first Pronto kit
you're automaticaily a Member of the
PRONTO CONSTRUCTOR'S CLUB. It

i |}i:1

'O ® O ProNTO

7}
4]
e "fﬁggqﬁt{tt}ttntt}
— /i i PG B
* (e o &Q ]
r Please send me : 0\\® 5
p e
H

""'n,;;; )
I D PRONTO 301 KIT/S ™= e T T,
AT £29.50 EACH (Plus P & P)

PRONTO 304 KIT/S
AT £15.50 EACH (Plus P & P)

My cheque/P.O. for _is enclosed

enquiries
NAME
ADDRESS

will not only keep you in the picture on
new ideas and kits. .. butgives you

FREE a £2 Voucher against the purchase I
of your next kit!

Isn’t it time you joined the Club?

*Large Bright Green Display

*Alarm with 10 minute ‘snooze’ feature

*AM/PM indication and simple setting

*Automatic brightness control on digits
governed by room lighting

Pronto Electronic Systems Ltd.
645/647 High Rd., Seven Kings,
L Essex IG3 8RA. 01-599 3041 _J

»
»

Computer parts for hobby,
experimental,educational
and professional use.

KB6: 56-station standard
Teletype layout

AS RECOMMENDED FOR

PRACTICAL WIRELESS

VIDEO-WRITER PROJECT

ASCIlI-Coded TTL-compatible 4-bank alphanumeric reed-switch
keyboard with ROM encoder chip, strobed output, two-'key
rollover and debcunce. Standard 7-bit ASCIl code (no parity).
Supplied complete with circuit diagrams and code chart.

SF‘EClFlCATlOzNSC /—10% 10mA. Output
Power Supply: +5VDC +/—5% I50mA; —.I. \{P +/— 5, 10mA. Outpu
ngic Levels: Data Bits | throt:lgh 7: Ov "O'% -45V; 2:6V I. ”S-ISV. Fan
Out: One standard TTL load. Strobe: 2:6V I 5-25V; Ov “0" -46V. Fan
Out: 10 standard TTL loads. Strobe signal delay 10 milliseconds nominal to
allow data to stabilise.

Price £35'00 plus £1-00 P&P + 8% VAT (Send £38-88)

KB7: Similar to KB6 PLUS 8 additional key-stations (standard ASCH 64 character
set) PLUS lower-case Alpha facility.

Price £42'50 plus £1-00 P&P + 8% VAT (Send £46-98)

ALSO AVAILABLE—SPECIAL LOW-COST KEYBOARD:

KB5: 3-bank alphanumeric Baudot-coded 36-station keyboard. TTL-compatible
strobed output

Price £20'00 plus 75p. P&P + BY VAT (Send £22-41)

ELECTRONIC BROKERS LTD
49/53 Pancras Road
LondonNW12QB
Tel:01-837 7781
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MINI-ADS

FOR DETAILS ON ADVERTISING IN
MINIADS, OR ELSEWHERE IN ETI,
CONTACT BOB EVANS, 01-730 8282

PRECISION
POLYCARBONATE
CAPACITORS

440V AC
All High Stability — Extremely Low Leakage
RANGE: DIMENSIONS
VALUE (mm) PRICE =] = =

P L D EACH 6\ X Range 1% 2% 5%
0.1uF 27 127 68p 047uk 77p 3lp
022uF 33 16 86p 1 0ul 60p
0250F 33 16 9%p 22uf 3p
047,F 33 19 €110 47F £2.82 £1.88 €123
0.5uF 33 19 ELIE GRuF €348 £2.32 £1.47
068:F 508 19 £1.25 10.F 198 £3.32 €201
10uF 508 19 £137 15F £7.14 £4.76 £2.88
204F 508 254 £1.95 224F £9.66 £6.44 £3.90

“TANTALUM BEAD CAPACITORS — Values available 01 022,
0.47.1.0.22, 4.8 6a¢F at 15V 25V or 35V: 10aF at 16V 20V or 25V,
22.0uF at 6V or 16V 33 0uF at 6V or 10V, 47 OuF at 3V or 6V 100 0nF
at 3V. ALL at 12p each. 10 for £1.10, 50 for £5.00. 100 for £9.00.

TRANSISTOR & 1IC's  BC267 12p OC4 OCH5 20p
AC128 14p BC268A 10p  OC71 72 20p
ACI176 16p BC547 558A l2p 2N2926(; 12p
ADI49 d0p BCY72 15p  2N2926Y lip
AFI178 40p BDI31 132 3%p *2N29260 ilp
AF239 38p BF115/167 22p  2N3054 50p
BCI07°8 9 9p BFI73 2p  INI055 30p
8CI14 12p BFI7R 26p  2N3702

"BC147/8/9 10p BF184 22p 3704 1ip
*BCI153 16p BF194 195 12p  TIP30A a2p
*BC157/8/9 t2p  BF196/197 13p  TIPIA 33p
BC177 I8p  BF200 27p  TIP2A 64p
"BC182/182L llp BF262:263° 60p TIP3055 83p
BC183 183L Ilp  BFY50 51 52 20p MPUI31 18p
*BC184/184L 12p BFXR4/86 88 20p NE553 Blp
*BC212/2121. 12p  BFX85 25p 741 R pin 32p
*BC213/213L 1tp  BRIOI 41p  ZN4l €11
BC2147214L Ip  GET872 23p  SNTROIAND  £1.30

POPL LAR DIODES — INOL4 8p. & tor 43p. 1% for 90p: IN916 ¥p. 6 for
45p. 14 for 80p: 1544 3p. |1 for 3p. 26 for £1.00: IN4148 5p. 6 tor 27p.
12 for 48p: IN400T 3" 2p: 002 6p: 003 6'2p: 04 7p: 006 Hp; 007 8tap.
LOW PRICE ZENER DIODES —400mW Tol = 5% at 5mA Values
available 3V, 3.3V, 36V 4.7V. 51V, 56V, 62V. 68V T5V, 82\
91V 10V 1V 12V 13V V. 15V, 16V, 18V, 20V, 22V 24V 27V,
30V. All at 7p each; 5 for 33p: 10 for 63p. SPI'CIAL OFFER 100
Zeners for £6.00.

*RESISTORS —High stahility. low noise carbon film 5% =W at
40-C.'sW at 70 C EI2 seres only—from 2202 to 2 2M ALL
each, 8p for 10 of any one value. 70p for 100 ot any one \ 3
SPECIAL PACK 10 of each value 2 22 to 22MU (730 resistors) £3.
SILICON PLASTIC REC TIFIERS—1 5 amp brand new wire ended
DO27: 100 P.1 V 7p (4 for 26p). 400 P | V 8p (4 tor 30p).

BRIDGE REC TIFIERS—2'z amp. 200V 10p. 350V 43p. 600V 33p.
SUBMINIATURE VERTICAL PRESETS—0 1W only ALL at 5p
wach, 501% 1001, 2200 4708 64012 k{2, 2 2k!2 4 Tkil 6 <kl 10k,
15k42 22k 4TKEL 6%k 100K, 250k12, Gx()k" 1ML 25V S5m0
PLEASF. ADD 20p POST AND PACKING ON ALl ORDERS ALL

EXPORT ORDERS PLEASE ADD COST'OF SEA AIR MAIL
PLEASE ADD 8/ VAT to all ems except those murked with
which are 12'7%.
Send S.A.E for lists of additional ex stack items
Wholesale price lists available to bona fide compames.

MARCO TRADING
(Dept. P3)
The 0id School. Edstaston. Wem. Shropshire
Tel. Whixall (Shropshire] (STD D94872) 464/5

{Proprs. Mintcost Trading Ltd )

TRANSISTORS + ICs

Ac127 16p LM301ATO9S  52p
AC28 15p LM700 7098  41p
AD161 44p LM710 1401 49p
AD162 44p LM748 14 0il  82p
BC107/8 1p 7400 TTL 16p
BCI09 12p 7401 16p
8C182/182  12p 7402 16p
BC183/183L 12p 7404 19p
BC184/184L  13p 7410 16p
BFY50 21p 7413 35p
BFYS1 20p 7420 16p
BFY52 20p 7430 16p
B0131 43p 7440 16p
80132 44p 7441 85p
BRY39 48p 7447 95p
TIP29A 48p 7474 36p
TIP3ZA 52p 7475 50p
21711 25p 7490 45p
2N3053 25p 4121 3p
2N3054 67p 74141 85p
2N3055 55p CI060 SR 70p
2N3702 12p S-0EC

0044 22p Breadboard £2.15
0C45 22 T-DEC

ocnt 22p Breadhoard £3.93

741 0p. Amp  29p
Prices VAT inclusive + 20p P&P
1,500 types of Diodes, Transistors, + ICs SCRs, Triacs.
in stock plus Full range of passive components
List 10p + SAE

AITKEN BROS. & CO.

35 HIGH BRIDGE NEWCASTLE-ON-TYNE NE1 1EW]
Your Electronic Component Centre for North East

Callers welcome

This Month MORE SPECIAL
OFFERS, while stocks
last, of BRAND NEW DEVICES
These are not economy fallouts

4 off FND 500 0.5 Com. Cath. 7-seg. LEO Display ........

4 offt FND 357 0.375" Com. Cath. 7-seq. LED Display. B850

Sof FLY 117 0.2 Red LED with CHp . ... ............... 90p
Power Pack No. 1: Containg 2 ofl TIP2955. 2 Off TIP3055 +£ ZM%
s

.2
mu No. 1; Contains 2 ofl of each BC107/8/8, BFYSG/SI/SZ

(14 Devices total). . .. ...l 40
mnhckltn 1: Containg 1 off each red, green. yefiow. orange. D IZS"

VAT INCL ALL DROERS. 20p P&P
AUDIO-OPTICS, 19 MIDDLEWA

SHOP FROM HOME with our catalogue.

DRILLED AND
TINNED P.C.B.s
FOR E.T.l.
PROJECTS

Universal Timer ET.I 540 £1.91
High Power Beacon ET.I 240 43
Headphone Radio ET.l. 251 .15
Sound/Light Flash Trigger ET.I. 5148 40
Low Cost V.D.U. ET.l. 560A
o ET.l. 5608 } £5.00
T ET.l. 560C
2M Power Amplifer ETLT10 .82
100W Stereo Disco ET.. 458A 96
o ET. 4588  £1.25

See fast month's advert for prices of other boards or
send a s.a.e. for full list.

Components for many of the E.T.. projects now
available. details available on request.

Mail orders only please to: D.B.M. PRDDUCTS,
Unit 14, Southern Road, Aylesbury, Bucks.

Fully illustrated and covering over 3,000

components, audio and disco accessories,
tools and test meters. Reviewed as one of the
best catalogues available. Send 30p now for
your copy (issue No 5). Access, Giro,

Barclaycard, Government and educational

orders accepted. (Giro No 331-7056).

B. H. COMPONENT FACTORS LTD.
Leighton Electronics Centre
59 North St., Leighton Buzzard, Beds

Tel: 2316 (0286) Shop hours: 9-12.30,

1.30-5 p.m. Closed Wednesday

CHINNOR, OXON. Tel. 0844 52683 ‘

. 0.12 0.2 | INFRARED
LED RED | 16p | 198 | avetiesd agp
L G/Y 27p 33p 6mwW £1.55

1 !
chp 1p OR | 27p | 33p [orraoees™

OPTO-ISOLATORS SCRs 50V 100V 400V Oiac
TILT11 1.5kv 150kHz  £1]TO51A 26p 27p 48p BR100]
4350 2.5kv 5MMz £2.25|TO66 3A 27p 35p BOp 21p

AVDEL BOND 2gm.  65p | 400V TRIACS 2A 60p 10A £1.50

AC126/6/7/8 18p | 2N3053 15p | VOLTAGE REGS
AD161/162 40p | 2N3054 ASp 5V 7805 Plastic
AF117 20p | 2N3055 41p 12V 7812 1 Amp

AF124/5/6/7 3p | 2N3702/3/4 12p 15V 7815 all
BC/107/8/9 8p | 2N3803/4/5/616p 18V 7818 £1.50

12p | 2N2646 35p 723 DIP14  50p
B8C147/8/9 10p MPF102

BC157/8/9  11p | 2N3819
BC167/8/9  11p | 2N3823

12p | BA100
8C177/8/9  17p
BC182/374L 11p | IN914 24400V 46p
BC186/7  30p | IN40O1

BRIDGE RECTS.
2A 50V 30p
2A 100V 36p
24200V 41p

29y | 2885

12p | IN4002/3 ZENERS 2 7-33V
BCY70/71/72 13p | IN4OO4/5  7p | BXYBBorsim 9p
BF194/5 12p | IN4OO6/7  8p

BF196/7 14p | INg148 4ap
BY50/51  18p | BAIO o | 555 Tmer 60p
556 2x555 £1.10

e Ap | 0adz 6p | mM380  £€1.00
24p | 0A700A79 8p | 400 16

gﬂg/m ::: OAB10A90 7p d

0A91 DA95 6 -

2N706 10p | 04200 6p | DL s3cKETS

MI7H 20p 0A202 7 8-pin 12p

2N2219 20p 14-pin 13p

2N2904/5/6/718p | OP. AMPS 16-pin 1

2N2904/5/6A 18p | 709 all 28p | Mica + bushes
2N2926(R) 7 | 7218pn  29p | TO3TOGE  Sp
2N2926(G) - 12p | 748D.IL.  36p | DsloPen 70p

PRICES INCLUSIVE + 15p P&P (1st class)

ISLAND DEVICES, P.0. Box 11, Margate, Kent

M.A. 1001 B DIGITAL CLOCK
MODULE SIZE 3.0"’ x 1.75"

C/W 15v + 4.5.0-4.5v TRANSFORMER. Requires

only switches and case. DATA SUPPLIED.

OUR PRICE ONLY £9.74
Features. Bright 0.5’ Display, 12-hr. Format with 24
hr. alarm capability. Flashing Colon, Power Failure
Indication, P.M. indicator, Alarm Set Indicator, Hrs
and Mins. or Mins. and Sec Diplay. Output Drives from
Alarm and Sleep Timers, 9 min Snooze Timer and 59
Min. Sleep timer.

15v + 4.5.0-4,5v TRANSFORMER M.A. 1001
Moduies

OUR PRICE ONLY £1.12

CAR, BOAT OR CARAVAN CLOCK
MODULE

M.A. 1001 B includes all features listed above plus
Data for Conversion to 12 V.D.C. plus Crystal Time
Base for accuracy to a few secs. per month. Low voltage
protection incorporated.

OUR PRICE ONLY £13.88
1f required with Transf, £14.75

CRYSTAL TIME BASE FOR C.MOS DIGITAL CLOCKS
{Built and Tested) Size approx. 1’ x 1.5" x 0.6".
Can be adjusted to * a few seconds/momh

OUR PRICE ONLY £5.25

ALL PRICES INCLUDE VAT AND POST AND
PACKING
TERMS CASH WITH ORDER — MAIL ORDER ONLY
ORDERS TO: F.E.K. SUPPLIES, 18 STARRING

LANE, LITTLEBOROUGH, LANCS.

COPPER-GLAD 8.4"'x7' 7"
4 sheets for £1, p&p 35p

VALVES

New valves by leading manufacturer:
DY86—45p; DY87-45p; DY802—47p:
ECC81—45p; ECC82-38p; ECLB0—60p;
EF80—35p; EF183—40p: EF184—40p;
PC86—65p; PC88—65p; PCL82—45p;
PCL83-70p; PCL84-—-50p; PCL85—60p;
PCL86—50p; PL36—68p; PL509—£1.565;
PL504—85p; PY500—85p; PYB01—50p.
Post | package 15p per single item additional
items 5p extra.
Please add 12%2% VAT to ali prices

PLESSIS ELECTRONICS, 237 Bicester
Road, Aylesbury, Bucks. (0296-81584).

WERSI CRGAN
KITS

BUILD YOUR OWN
WERSI ELECTRONIC ORGAN

as played by KLAUS WUNDERLICH

These superb German WERSI kits for,
ORGANS, PIANOS, TONE CABINETS and
PROFESSIONAL AUDIO equipment, now
available for D.I.Y. assembly and CUSTOM
BUILT, direct from U.K. WERSI agents,
ELECTRONIC SERVICES (STROUD) LTD.,
21, Mount Hill Road, HANHAM, BRISTOL,
BS15 2auU. 0272-671312.
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[300W TOUCHSWITCH KITS

TS300K Contains Triac, IC. Diodes, Resistors
Frontplate, PCB, etc. Replaces conventional lightswitch
with NO REWIRING. TOUCH one nsulated plate for
ON, another for OFF. Complete with instructions
ONLY £2.97.

ALSO TSA300K AUTOMATIC, as above, but with only
ONE TOUCHPLATE TOUCH for ON and hght stays on
for a preset time. |deal for stairs and hall. Compiete with
instructions. ONLY £2.97.

300W LIGHTDIMMER KIT replaces conventional
lightswitch. £1.95.

P ey W S

SPECIAL OFFER
10 ROCKER SWITCHES, white, SPST 10A/250V,
snap fixing, £1.20.

TRIACS 400V 10220
Case
6 .5A isolated tab 74p| BC148 9p°
T 1DA (TAG250) 70p[BC158  11p°
o (3+87p)| 2N3055 36p
Mot 1solating Kit sp| 2NG027
400 200 | D 20p(PUT 30
008 20p | NESSS B.pmDIL  44p[1N4004 “ep
Ao §g: 741 8 pin DIL 24p|1Na1a8
4015  10Sp | RESISTORS VW 5% E12 2200 — 10MQ
4016 s7p | Mullarg

4017 108p LDR %' dia 400 1o 1M lght to dark 45p
NEON wire-ended

Choke 12 Amp 15p
Ferrite Rod 1% x %' diameter

Rocker Switch white SPST 10A/250V |59
MINI MAINS TRANSFORMERS 100r;A

4566  13Sp
6-0-6V P
12-0-12V 9Sp

ADD 8% VAT (#12%%) PLUS 20p P&P.
Mail Order Only to:

T.K. ELECTRONICS (ETY)
106 Studiey Grange Roed, London W7 2LX

PRINTED
CIRGUITS

HARDWARE

Readily available supplies of Construc-
tors’ hardware, Aluminium ,sheet and
sections, Printed circuit boards, top
quality for individual designs. -
Full range of E.T.|. boards always in
stock. Prompt service.

Send 15p for catalogue.
RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

BARGAIN PRICE COMPONENTS

No extras
10 BC183L Type T09275p MJE 3055, npn 70p
10BC213LType-TO92 75p ZN414 IC Radio ea £1.36
10 BC108 Type-T018 75p Func. Gen IC £6.85

?

10 BC262 Type-T018 75p TTL. 7400/1/2/3/4 17p
IC Socket Pins 100 @ 75p !N4001 50V 1A ea 6p
7-2N2926 Mixed Gan75p 'N4002 100ViAea  7p
5 BC107 New marked 75p |N4006 800V1Aea 13p
6 Led's TIL 209 75p IN4148 Signal Diode  6p

Satisfaction guaranteed. s a e for hsts
All enquines welcome—Overseas deduct 8% VAT
RELTRAN LTD. (Dept. ETI)
P.0. Box 18, Camberley, Surrey

Treasure Locator Kits by

DETECTOR PRODUCTS
Suppliers to the UK & Abroad
Circuits & Instructions . . .. .. ... .. £2
Complete Kit . ... ............ £12

Total £14 incl. VAT p&p

Solid aluminium frame with an efficient
Faraday screen. For enquiries please send
s.a.e. to:
DETECTOR PRODUCTS
58a King Street, Blackburn, Lancs

VAT INC. SPECIAL OFFER
PACKS, FULL SPEC. P&P 15p.
LESS THAN £1 each '’ 7-seg

Comm. Cath. LED DISPLAYS
FND 500 4/£3.95. 0.375" FND 357 4/£3.15. 0.2"
Red LED W/Clip 5/85p. 5 each 1N4002/3/4 50p. 4
otf 0.125" LED W/Chp (1 each R,G.Y,0,) 75p. 2 off
each TIP3055/2955 £2.10 inc. Mig, Kits LM741CN
DIL 8pin. 4/£1, 29p each. 2N3055 47/51, 30p each.
BFY50/51/52 4/75p. 20p each. BC109/184L
10/£1. 12p. each. 1N4148/914 100/£3.50,
10/40p.. S5p. each. 10mid/ 12v 100/£1, 10/30p .
5p. each. 1000mfid/6v 100/£1 75, 107/40p . 7p.

Tel. 62561 or 54105

B AUDIO-OPTICS
19 MIDDLEWAY, CHINNOR, OXON. TEL: 0844
52683

MM5316 sophisticated alarm clock

chip, £4.99.

5-LT-02 matched full alarm clock

display, £5.60.

10% off over £10. Post 25p.
Pinewood Electronics

57 Monmouth Road. Dorchester
Dorset

ETIS60 VDU. Pcbs
Despatch by Return

All prices in pence By .
vDua ETI 580 10
vDUs o © 185
vDUc I e b | ]
2M Power Amplifier ETt 710 90
100w Disco PSU ETI458a_ 100
Universal Timer ETt 540 180
High Power 8 ETt 240 50
Headphona Radio ETt 251 65
Sound Light Flash Trigger __ ETIS148____ 50
All other projects still svailabia ex steck
EVI117 90 ETI539_ 75 EVI413____140
EVIB633 100 ETi457 180 ETI455__ 240
ETI131_____ 90 ETIA38____ 85 ETi122 50
L EVI 128 175 EVI422___270 Front Panst for
ETI312 170 INT25_____ 375 above 0
This months SNIPS
RESISTDRS H. S Clrhon Film Vaw 5% E12 Series 1
45 100 80
ELEBYRDLVHBS lﬂml IZv 10, 25,330mf. 25v []
TANTALUM BEADS 2-2 & 47mi. anly 7

Miniature Giass REED SWITCHES 1050

5120, 50___220, 100__400
TOGGLE SWITCHES DPSY 240v.3a___ 17
SULIOE SWITCHES SPST 240v.3aA.__ 8
7400 Series TTL Our Mix 10___85 100 ___.750
CA3046___ 40 7473 28 7474 25

All prices inciude VAT Add 20P. & P List. 10
RF.Equipment srares Ltd

WIMBORNE

Dorset

3 Lacy Closa

RF Sig. Gen. TF 144G — £15; Home-Built
Score, dual trace — £20; Avo 7 — £10;
Sinclair Scientific -— £6. — Phone Maiden
Newton 525 (Dorset).

MENTOR MINIATURE SWITCHES, e.g..
Subminiature Toggles 40p, 5-Position
Toggle £2, 6-way SP Rotary £1. Other
available. S.A.E. CAT. LB, 43, Westacott,
Hayes, Middx. UB4 8AH.

GLASS FIBRE P.C.B.s
Send 1 1 master and 7p per square inch tnned or 10p per square
inch dniled and tnned PLUS 40p per board Discount for quantity
ET! boards glass fibre drilled and unned

G P Power Supply ETt 131 98p
High Power Beacon ETI 240 52p
100 Guitar Amplifier ETI 413 | a a £1.40
Mixer Pre-Amphtier ET1 419 | . 80p
Audio Level Meter ETI 438 75p
Sweet Sixteen Amphher ETI 457 £1.82
Power Supply 100w Disco Amphfier ETI 458a 92p
100w Disco Amplifier ETI 4586 . . . £1.189
Sound Light Flash Trigger ETI 514b . . . 49p
2m Power Amphfier ETI 710 . 8%p
PROTO 4 litfe Way,

gl
Essax $811 8LA

OVER 2,000 ELECTRONIC
COMPONENTS INA

BG’ IIEWWE

2o TANDY

Nationwide supermarket of sound!

Please send me the 100 page

4 Tandy catalogue l
I |
|
b rgdress__ . _ Y |
| o
l ';ncTyC;rporauon(BranchUlO B:lsl;r;Road g l

Wednesbury, W Midiands WSi0 7JN(ET/2)

Ll

'i'UliN {'aUR SURPLUS cabacgors, transistor??

etc., into cash. Contact COLES-HARDING &
CO., P.O. Box 5, Frome, Somerset. Immediate
settlement.

BOOKS FOR SALE. Foulsham-Tab, Elec-
tronics and books on Microwave
Communications. List. Wanted: U.H.F.
Receivers 150-500MHz, 250V, 12V DC and
back copies ‘‘Microwave Journal’’. Hughes,
11 Henley Road, Ludlow, Salop.

FREE TV
CIRCUIT DIAGRAMS

All main British TV sets (plus many foreign)
comprehensively covered n our easy-to-follow TV
Repair Manuals — 4 mono and 3 colour.

Just send Model No , if colour {mfrs. chassis type helps)
with £4.50 and receive the manual covering your set —
plus yur set’s circuit diagram on request free. Set of 7
only £27.50.

British TV Circuit Diagram Manuals -~ the mam mono
(over 37 series) for £9.90 and virtually every colour for
£16.5

Full detans of these and other publications from.

T.V. TECHNIC (ETI)

76 Church Street, Larkhall, Lanarks, M18 1HE

Tel. (0698) 883334

AM/FM RADIO
CASSETTE

Manufacturer and Exporter
Pacific Trading Co.

77A Waterloo Road
P.O. Box 8173,

Hongkong

Telex: 84672 VRHGT HX

Kowloon,

CONSTRUCTORS GOLDMINE METAL
DETECTOR PLANS/Technicalia Biblio-
graphy. Guaranteed free public library
availability. Fabulous machines including
U.S.A. Coinmaster, Pulse/Magnetic Induc-
tion, Autodiscriminator, Proton Magneto-
meter, Free T'hing Guide. Only £1 + 15p p.
Wilson-Research, 20 Maldon Road, Acton,
London W5.

VALVES

Radio-TV Industrial Transmitting
2200 Types 1930 to 1375, many obso-
lete List 20p. S.A E. for quotation Postal
export service. We wish to' purchase all
types of new and boxed valves. Whole-
saler's Dealer’s, et¢., stocks purchased.
COX RADIO (SUSSEX) LTD., The
Parade, East Wittering, Sussex, West
Wittering 2923
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anbank Electronics

DIGITAL CLOCK MODULES,
KITS

Further details free on request
“E” LED DISPLAYS. Class Il
devices. but fully guaranteed by

us. for ‘even’ segment bril-
liance, etc. — money back or
exchange. if not satisfied
TIME BOX Digital §DL-704E0.3in 70p
Clock Case. 56 x 131 x fDL-707E 0.3in 70p

715 mm with red §DL-728E 2x0.5in £1.80
acrylic window. Choice JOL-727E 2 x 0.5in £1.80
of case colour, white §OL-750E 0.6in £1.50
red. orange, blue |DL-747E 0.6in £1.50

INDEX TO ADVERTISERS

. Page 25
Page 71 & Mini-Ads

CLOCK CHIPS

AY-5-1224A £3.50

MK 50253 £3.50

OP-AMPS

CA 3130 (COS/MOS) £1.00

CA 3140 (Bl MOS) 95p

741 Minidip 25p

SOLDERCON PINS i

o - Ambit .......
1000 £4.00 B.H. Components
DIL SOCKETS

14/16 pin 15p

CATALOGUE Free on request B.I.E.T. e s e e 0 Page 77

CAN BEAT OUR PRI

i’ WE GUARANTEE NO ONE

CES!

Bi-Pak Ltd. .... Page 25
Bi-Pre-Pak (Sterling
Sound) Ltd. . Page 83

If you can find any advertiser or special offer in this R.N.R.S page 59
magazine giving you lower prices than us (after allowing for BVWOOII " Page 2
all quantity discounts, post charges, etc.), then we will S e age 24
match their prices with pleasure. Gatronics ..... Page 32
S— i
CMOS WITH DISCOUNTS! Any mix 1aaTe 38 15T a0z 14500 217 Chiltmead ..... Page 63
% 31, o - .38 14561

1(())Zzoorzzos+ 4525',;,:::)103: 33:::r 1%;61000+ SRS EER e i e O Compelec ..... Page 75

4 0. N 53 1. 0.80 14435 7.93 1.39 .

o0} 83 8 1m asaa dom b a3 g anf )| Ceofton .. Page 59
0. f d 0.89 14450 2.67 2.15 X ini

:80? 1;3 :gg; 248 4026 ;gl‘i 2.08 14451 2.67 215 ::g?g g;; DBM PI’OductS . Mlnl-Ads

0 0. 3 1.19 4057 29. 1.16 14490 6.51 1.76 14 L

i 15 W e don e 14400 881 T Jar D Decon ......... Page4
X 3 g 14161 1.8 1.72 44

oo o L% 15 fon ma e o 10 e i ) || Doram ... Page 39
E . 2 . 14163 1.18 1.74 i H

4012 0.20 4037 1. 3 1.22 14174 K 1.39 WD WY Electron'c Des'gn

4013 0. 4038 1. 0.69
4014 1. 4039 3. 7 413
4015 1. 4040 1.19 0.24
4016 0. 4041
4017 . 4042
4043
4044
4045
4046
4047
4048

14175
14194

26 14501
0.24 . 14502
0.65 3 14503
0.24 .21 14505
0.24 - 14506
0.24 o 14507
0.24 8 14503
1.7 K 14510
0.65 .75 14511
4049 0.24 . 14512
4050 0.24 .70 14514
4051 1. 0.24 9,54 14515
4052 1. 0.80 14412 17.07 14516

24
@
w

RN

pamobin
R X

'C.W.0. Add VAT to all prices at 8%. Post etc., UK 25p per order, export £2.00 (no

VAT). Al orders processed on day of receipt.

GREENBANK ELECTRONICS (Dept. T10E

94 New Chester Road, New Ferry, Wirral, Merseyside L6
England. Tel. 051-645 3391

Associates .. Page 38
Electronic Brokers
ctisennee.... Page 79
Electrovalue .. Page 59
Greenbank Electronics

vieese..a.... Page82
Heathkit ...... Page 38
Henry's Radio . Page 77

I.L.P. Electronics Page 76

Kinnie Components
ag ... Page 68
Lee Instruments Page 32
Lynx Electronics Page 15
Maplin ... Page 47 & 84
Marco Trading . Mini-Ads
Marshall’s ..... Page5
Metac ......... Page4
Minikits ...... Page 47
Orchard Electronics
ciiiseaeen... Page 25
Pronto Electronics
. Page 79
Pulse Electronics Page 59
Radio Rotor ... Page 78
Ramar ....... Mini-Ads
R.F. Equipment Spares
SCS Burns .... Page 29
Sintel ......... Page9
Tandy Corpora-
tion ........ Mini-Ads

Technomatic .. Page 19
Videomaster ... Page 2

‘Watford Electronics

Page 40
Wilmslow Audio Page 47

SAG,

Electromics (oday

BACK ISSUES

These cost 40p each. Postage and packing costs
15p for the first, and 10p for each subsequent
issue. Orders to ETI BACK ISSUES Dept. please.
We CANNOT supply the following issues:- All
1972; January, February and November 1973;
J y. March, September, October, November
and December 1974; January, June, July,
ugust, September, November and December
875: January, March 1976: April, August,
Dctober 1973,

PHOTOCOPIES

Due to the steady pressure on our
back numbers department, and the
dwindling number of issues avai-
lable, we have decided to set up a
photocopies service. This involves
our staff in considerable time
consuming endeavour, so we hope
our readers understand the need
for our decision to apply a flat
charge of 50p inclusive. This
covers any article, regardless of
the number of pages involved,
from any ONE issue of ETI.

Mark envelope to ‘ETI Photo-
copy Service’.

ADDRESS. FOR ETI DEPARTMENTS—

EDITORIAL QUERIES

Written queries can only be answered when
accompanied by an SAE, and the reply can take
up to three weeks, These must relate to recent
articles and not involve ETI staft in any research.
Mark your letter ETI QUERY . . . Telephone
queries can only be answered when technical
staff are free, and never before 4 pm.

BINDERS

Binders, for up to 13 issues, are available for
£2.50 including VAT and carrlage. Send orders to
ETI BINDERS DEPT. . ..

SPECIAL ISSUES

Presently we produce five specials — Top Project
2 and 3, Electronics it's Easy (parts 1-13 and
Parts 14-24) and 4600 Synthesiser (published by
Maplin). Prices are 75p, £1, £1.20 and £1.50
respectively. Post and packing 15p per copy.
Orders to ET) SPECIALS Dept. please,

T-SHIRTS

ETI T-shirts are available in Large, Medium, or
Small sizes. They are yellow cotton with black
printing and cost £1.50 each. Send orders to ET{
T-SHIRTS Dept. ..

36 EBURY ST, LONDON SWiw OLW

reader sewvices

BOOKS

ETI Book Service sells books to our readers by
mail order. The prices advertised in the magazine
include postage and packing. Send orders to ETI
Book Service, P.0. Box 79, Maidenhead, Berks.

NON-FUNCTIONING PROJECTS

We cannot solve the problems faced by
individual readers buliding our projects unless
they are concerning interpretation of our
articles. When we know of any error we print a
correction as soon as possible at the end c*
News Digest. Any useful addenda to a project wid
be similarly dealt with. We cannot advise readers
on modifications to our projects.

SUBSCRIPTIONS

The annual subscription to ETI for UK readers Is
£5.00. The current rate for readers overseas is
£5.50. Send orders to ETI SUBS Dept. PAYMENT
IN STERLING ONLY PLEASE.

PCBs

PCBs are available for our projects from
companies advertising in the magazine, such as
Ramar and Crofton, who do an excellent service,

PLEASE MARK REVERSE OF EACH CHEQUE
WITH NAME & ADDRESS AND ITEMS

REQUIRED.

ALLOW 10 TO 14 DAYS FOR DELIVERY

T R
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UNIT 1 PRE-AMP/CONTROL

STEREO MODEL

SUPERB VALUE

£7.80

with active tone
control circuitry

UNIT 1 latest addition in the ng Sou @ Inputsensiivity — 50 mV adjustable
ge of stically p INSIru ® Output - 200 mV for 50 mV in
tules s going te iy mar o1 @ Bass control 15 dB a1 30 Hz
nstructors of obtaining g y where price @ Ireble control 5dBat 10 KHz

prevented it before @ Balance control. volume control
NIT 1 offers full stereo tacilit 15 spindles
atanteed and easy ect @ Opesaung voitage — 10 10 16V

40 watts
RM.S
into 4Q)

£3.95

+ 8% VAT

FROM BI-PRE - PAK
DA

'MORE POWER — LESS SPACGE

GREATER VALUE
$S$.140 Mk. 3
POWER AMP

Built for
hard work
WITH BUILT-IN
OUTPUT CAPACITOR

esulting from research and development the Mk
n of 1 ular power an now
il Hut acitor wi
a d working H
used and | WO 14C
fers fantastic value for the price

SUPER SPARK MK. 5 C.D.I. UNIT

ssands are in use saving Motorsts tme and money Very easy o
a switch for insta hang wventional ignit
y ! 1 pos or ne v anu burglar immobtlis SWILC Op:
e v ntrol neon The un pc hc 2d
ed metal box W t and leads
x4 X 193 117 x 54MM) (P P add 50p)

£7.95% o £10.50%

peration  Rung
Wiil it eas

ates at R F ey

I¢ on

Ul nee
n a self

nto a large pocket St

e with

X-44 CROSS-HATCH
GENERATUR

v P to aeral ket
1 S

ng plast

sur £27.50%

ase

contained penlite type batteries

Stlrlmg Sound

b

MORE STIRLING SOUND MODULES

TUNING FM Front End with geared tuning and AF C
$5.201 faciity 88-108MHz £5.00
$S.202 f amp A meter and or A F C can be connected
(size 3" x 2"} For use with §S 201 £2.65
$5.203 Stereo decoder
For use with Surling Sound modules or with any
other good mono £ M tuning section A LED
beacon can be added (Price 18p) to indicate when a
tereo signal s tuned in (3" x 2 £3.85
POWER AMPS
$5.103 Basic 3 wattrms | power amyp £1.75
$5.103.3 Stereo version of above £3.25
$S.105 5 watt amphifier to run from 12V (3. x 2 £2.25
§5.110 Mk. 3 milar to SS 105 but more powerful giving 10W
o dohms ng 24 volt £2.75
$5.120 Mk. 3 O watt module when used with 34 volts into 4 £3.25
CONTROL
$S5.100 Active tone control  sterec 15dB cut and boost
with suitsble network £1.60
S$S.101 Pre-amp for ceramic p u  radio & tape with passive
tone control details £1.60
§S5.102 tereo pre-amp with R 1 A A equalisation mag
pu . tape and radio n £2.25
VOLTAGE STABILISER
$S.300 Power Supply Stablisier. Add s to you

unstabilised supply to ohbtain a steady working
voliage trom 12 to 50V for your audio system
workbench etc Money saving and very reliab

£3.25°

All with easy 10

follow instructions

NEW SHOWROOM

You are invited to our new equipment showroom forming part of our
newly extended premises.

TERMS OF BUSINESS:

VAT at 127:% must be added to total vatue of order except for items marked “ or (8 %), when
VAT IS TO BE ADDED AT 8%. No VAT on overseas orders. POST & PACKING sdd 30p for
UK orders unless marked otherwise. Minimum mail order acceptable — £1. Overseas orders
add £1 for postage. Any difference will be credited or charged. PRICES subject to alteration
without notice. AVAILABILITY AH items availabie at time of going to press when every sffort

is made to ensure correctness of information.

Urader v g dound proa

FACTORY SHOEBURYNESS ESSEX

l Please send

10 STIRLING SOUND (BI-PRE-PA
I SEA. ESSEX SSO DDF

low voltage
take-off point

7 MODELS TO CHOOSE FROM

TO COVER ALL YOUR NEEDS — AND THEY

COST YOU LESS
Compare these guaranteed power packs for
power and price. Look what it means to have a
low voltage output to supply pre-amp or tuner,
etc. Not only do these excellent power packs
stand up unflinchingly to hard work, inclusion
of a take-off point at around 13-15 V adds to
their usefulness. We now include SS
310/350, the first of our stabilised models.
Generously rated for reliability.

£3.75"

S§S 312 12V/1A

§$S§318 18V/1A £4.15"
S$S§$ 324 24V/1A £4.60°
S§S 334 34V/2A £5.20°
SS 345 45V/2A £6.25
§S 350 50V/2A £6.75"

NEW! — SS 310/350 Stabilised Power Pack
with continuous variable output from 10 to 50
V.D.C. With built-in protection against
shorting and fully adequate heat sink.
Guaranteed. Superb value at £11.00°.

lease add 50p for P p either mode!

LTD 222 WEST ROAD WESTCLIF

which

(ETI.10)



THE MAGIC WORDS TO A H
ELECTRONIC | i
TREASURE _ = 4

o -

UGE CACHE OF

= . A

SEND THIS GOUPON FOR YOUR COPY OF
OUR CGATALOGUE ON APPROVAL!

Publication date October 28th, 1976
L& I N N N & B N W __§N_ __§_ 1 =& N ]|
ETI I
All new . Completely re-written . Hundreds of new lines.
Lots of exciting new projects to buid-PRICE 50p.
SEND NO MONEY NOW. Overseas send 8 Internatlonal reply coupons.

Please rush me a copy of your brand new 1977/78 catalogue the instant it is published (October 28th,
1976).0nly if | am completely satished that it is worth every penny will | send 50p within 14 days of receipt. it
I am not satished 1 may return the catalogue lo you within 14 days without obhgation. | understand that |
need not purchase anything from your catalogue should | choose to keep it

For full details of the
projects shown above

LOOK FOR THE
GENIE ON PAGE 47
OF THIS ISSUE

I
NAME :
|
I
J

MAPLIN ELECTRéNIC SUPPLIES, P.O. Box 3, Ray




