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T20 + 20 — Designed by Texas Engineers, this 20
watt amplifier gives Hi Fi performance at low cost.

Many up-dated features and the ideal beginners kit.

. Complete kit £29.50 plus VAT
< a {30 watt version — Complete kit £34.50 plus VAT)

—

RONIC KITS

g

PORTWAY INDUSTRIAL ESTATE
ANDOVER. HANTS. SP10 3NM
TELEPHONE
(0264) 64455

PRICE STABILITY: Order with confidence irrespective of any
price changes we will honour all prices in this advertisement until
the end of the month following the month of publication of this
issue (Errors and VAT rate changes excluded}

EXPORT ORDERS: No VAT. Postage charged at actual cost
plus £1 handling and documentation.

U.K. ORDERS: Subject to 15% surcharge for VAT, or

at current rate if changed. No charge is made for

carriage. Cheques, Access, Barclaycard accepted.
SECURICOR DELIVERY: For this optional

service {U.K. maintand only) add £2.50 (VAT

inclusive) per kit FREE ON ORDERS OVER

£100

SALES COUNTER: If you prefer to
collect kit from the factory, call at
Sales Counter. Open Sa.m. —

12 noon, 1-4.30p.m.

Monday — Friday.

| i LINSLEY HOOD

75 DE LUXE — 75watt amplifier
| with superb performance (less than .01%
distortion). Easy construction with virtually no
wiring. Complete kit £75.00 plus VAT.
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In News at 11 this month we have items
to amaze you and amuse you, items to
thrill you and chill you — oh, enough
of the hype, just get wise and read it {or
vice versa).

TRON. . ................... 16
This will probably be the smash hit of
the Christmas movie glut, and deserved-
ly so, too. A film by computers and
about computers, we look at what was
done, how it was done, and the ideas
and thoughts of the man who did it. _

DESIGNING MICRO SYSTEMS . . .31
Now we get to the man-machine inter-
face, which sounds very deep but just
means VDUs, printers and joysticks.

CONQUERING THE UNIVERSE. . .52
Kerpow! Peecoomm! Vrooosh! Your
intrepid star warrior cum hack has been
boldly splitting infinitives which no man
has split before in an attempt to review
the state of the videogame market.

MECH TIBSE S el 5 P 69.
This month our regular readers’ design
page includes a RAM-to-ROM converter
for micros and an improved version of
our loudspeaker protector.

CONFIGURATIONS . .. ........ 77
In which we take a look at the grand-
daddy of the IC family, the op-amp, and
discuss some of the fundamentals about
its operatlon
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_lence: an eight-channel,

STAGE LIGHTING UNIT. . ... ... 22

Presenting Part the First of a project
that will provide you with digital con-
trol of your theatrical lighting set-ups,
with programmable scene changes. and
fades and brightness and stuff.
CORTEXPART3........... . .42
The final part of the constructional
information provides you with the PSU
and keyboard details.

FUELGAUGE . .............. 46
You mean a hip, up-to-the-minute guy
like you still has a meter on his dash-
board? Look, build this electronic one
before anyone notices and it’ll just be
our little secret.

ZXADC . ............ 10 B ol o 61
Here’s a project of unparalieled excel-
eight-bit ana-
logue-to-digital converter that plugs into
your 81 or Spectrum and lets you do
all kinds of wonderful things.

WAVE-FORM MULTIPLIER . . . ... 71
Does your synth sound weak and thin?
Fret no more, this ET| wonder cure will
give' you a much richer sound without
making you poorer.
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PROGRAMMABLEPSU. ........ 83
Power supplies are very popular with
our readers, So are computers. That
should ensure the'success of this project
since it’s a precision supply that can
have its voltage and current limit con-
trolled manually or by a micro.

FOILPATTERNS. ............ 93
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TRANSISTORS BF2248 28| MPSUS2 66 | ZTX304 17| 2N3819 22| 25C2081 85
: . AC125 35| BC212 10 | BF245 30{ MPSUS6 60 | ZTX314 25| 2N3820 38| 25C2314 85
4 35 10| BF256A 35| MPSUS6 60 | ZTX326 30| 2N3822/3 45| 2SC2166 165
A | D BlEme s S 2o B amd 8 nom s
30 10 7
33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 28 9| orose T 5| 9228 & o | Freeso , | o 0 156612 22
; 2 10| BF274 42| 0C36/41 75 | ZTX501/2 15] 2N3303/4 1 I
MAIL ORDER, CALLERS WELCOME 2 14, 8F336/7 40| 0Ce2/a4 7B | ZTXS03 18| 2N3NS/6 15 s B
. ACY17/18 1| BF51 35 70 40 | ZTX504 25| 2N3%06 17
Tel. Watford (0923) 40588. Te!ex. 8956095 K Agym/gg b 18| BF594/5 30 gg?;ﬂ 40 | ZTX531 x 2N483¥ :: ggjgg g
o [ACY21/22 75 R N
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS | acvas 2> 7o Tl Srnaaad Bocrams 0| ZKes0 B Nioes o laNizs  me
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.Os | ACY39/41 85 34| BFRB0/8B1 26| 0C81/82 50 | 2N698 40{ 2N4061(2 10 | 3N140 112
OR cBANKEF!S RHAFI' WITH ORDER OR ACCESS: GOVERNMENT AND ﬁg}:g :g ﬁ gggg 12 gg?%%i g %:_ﬂlggA g g”:ggg 1}2 :gggg 12
EDUCATIONAL INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND
40311
EXPORT ENQUIRY WELCOME. P&P ADD 50p TO ALL CASH ORDERS. OVERSEAS [ 4142 79 12| B0@l Sjoc0  m | aNTe T N Blial e
ORDERS POSTAGE AT COST. AJR/SURFACE. ACCESS ORDERS WELCOME. AD162 42 15| BFXBS/6 28 | TIP29C 38 | 2N1131/2 241 2nN4264 24 48312 g
AF115/6 60 15| BFY18 2N1302 2N42| 15 | 4031
VAT Export orders no VAT. Applicable to U.K. Customers only. Unless statad otherwise, | AF117/8 90 68| BFYS50/51 g Hggé g 2N1303 g 2N4Zgg 18 | 40317/20 80
all prices are exclusive of VAT. Please add 15% tot ha total cost including P&P. AF124/26 70 85 | 8FYS52 23| TIP31A 38 | 2N1304/5 60| 2N4314 78 323 60
We stock thousands mors items. It pays to visit us. We are situated behind Watford Football Ground. | AfF139 40 50 | BFY53 2| TIP318 39 | 2N1306/7 65{ 2N4400 18 324 100
Nearest Underground/BR Station: Watford High Street. . : 75 8 | BFYS5/6 32 | TIP3IC 39 | 2N1308 68| 2N4427 g0 | 40326/7 70
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car Parking space available. 70| BCY41/42 14| BFYEa 25 | TIP324A 38 | 2N1613 30 | 2N4859 78 :gg:g 12
"ELECTROLYTIC CAPACITORS: (Valuss in uF 500v:.10UF 53p; 4778p; 63V:0.47.10. 15,2.2.3.3. 4.78p: | mcea) 138 | Bovea/ss | Deven | TIe2C A2 ) 2N e 1oo| ndsss 1| 40380 60
10 10p; 15, 22 12p; 33 16p; 47 12p; 68 20p; 100 19p; 220 26p; 100070, ;2200 99p; '50V: 68 20p; 100 17p:,220 2036172 70
8C107 10| BCY70/71 16| BRY33 40 | TIPa3C 78 | 2N2160 295 2N4S01 176
24p: 40v: 6.6 15p: 22 9p: 33 12p; 330, 470 22p; 1000 48p: 2200 0p; 35V: 1.5, 4.7, 10, 22, 478p; 100 11p: | pCro7e 12| BCYZ2 20| BSX20 20 | TIPaqa 74 | aN2217 45| 3N4921 68 | 40407/8 T8
150 12p; 270 15p; 330 22p; 470 25p: '680, 1000 34p; 1500 42p; P 5op. 2200'5p: 3300 76p: 4700 820; | pGi0s. 10| BOY7S 24| BSx26/29 4| TPl a8 | IN3218A 28 | 2N4922 . D doni 28
BC1088 12| BDi12 126 N2219A 2N5135/
47, 8. 100 9p; 125 12p; 330 16p; 470 20p; 680 34p; 1000 27p; 1600 31p; 2200 36p; 4700 79p. SCIosEl tafaniiEl  jmipexE &, e nm gNgz{,’ﬁ % hei” soiera 120
TAG-END CAPACITORS: 64V: 2200 139p; 3300 198p; 4700 245p; 50V: 2200 110p; 3300 154p; 40v: 4700 | 5C1098 121 80124 115 BSYS5A 26| TIP36A 130 | 2N222
L 26V: . q k 3 - 16V: BC109C 12| BD131/32 48| BUI05 170 | TIP3BC 140 | 2N2222A 25| 2N5179 45 | 40594 105
160p; 25V': 2200 90p; 3300 96p; 4000, 4700 98p; 10,000 320p; 15,000 346p; 16V: 22,000 350p e ZlfEsyo2ueiiieutos 70 limieaec] K140 ha B owm 03 %
e BC117/8 20| BD135 45| BU206 200 | TIP41B 52 | 2N2303 2N5180/1 75
:o%'\'ryﬁﬁ??n?;ngc%Rasri7A’§:e|;L17|:.d15§’|5n 18n, 22n 12p; 33n, 47n, 6¢n SIEMENS pcb BC119 38| BD136/37 40 BU208 200 | TIP42A 55 | 2N2368 25| 2N5194 80| 40871/2 90
18p; 150n 20p; 220n 30p; 330n 42p; 470n 52p; 680n ‘luFSBp 2u2 82p Type  Miniature 8C137/9 40| BD138/39 40 | BUYEIC 225 | TIP428 58 | 2N2363A 18| 2N5305/8 30
160V: 10nF, 121, 39n, 100n 11p; 150, 220 17p; 330n, 470’nmp,680n38p.1uF poly Capacitors 38133/3 gg gg}:gms palfeei g ;:l;g(‘)lz g gmg:ggm o gmgﬁgg/s g
42p; 1us 45p 2u2 48p, 4u7 58p. 250v
+ 47n, 100 nF, 1n5, 2n2, | BC147 9/BD158 55 | MJ430 - 90 | TIP141/2 105 | 2N2646 45| 2N5485 36
1006V: TnF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 1000 42p. M e |scie (SRl o M ) TEATC IR BB 8| A | M
POLYESTER RADIAL LEAD CAPACITORS: 250V 5 10n, 15n 7p 8c 80222 85 | MJ2 TIP2955 60
10n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p; 150n, 220n ?:%&I:?TR&USGH 18n, 22n, 27n, [ BC148B  10|BD245 46 | MJEI70 150 | TIP3055 60 | 2N2906/7 26 | 2N6027 22,
§ 10p: 3300, 470n 13p; €80n 19p; Tu 23p; 1u5 40p; 2u2 46p.  1000pF/450V 8p|  33n,39n,47n 8p | BC149 9180378 70 | MJEIBO 150 | TISA3 32| 2N2907A 26| 25A671 260
Bnsen 1p |\ BCISC  10BDA3 55| MJEMO 84| Tisad/s g5 | 2N29Z6G 10| 2sA7iS 60
v 5 n, 100n  1p | B BD517 75 | MJE370 100 | TIS4s 4 | 2N3011 28
?vNTrﬁLuUFMoazszAggaA rs‘:»cg?; % -68, 'T’gIEoN%WLEoEE:f(mmi?' i BC157/8 10| BDEYSA 126 | MJE371 100 | TIS48 50| 2N3053 26| 25C4%6 0| pp
10,15 Top; 2 8 22p; 500,, Ka & 2K (Lingar. only) s,ng,e 100n,120n 10p | BC159 11| BDE96A 125 | MJE520 95| TIS59/74 50 | 2N3054 58| 25C1061 250
i 28 35 T 1 0 i F |mw, Slew & RS 3 he 8k 8o & chowes
5, %p n, 270n  15p BDY! TIS90/91 30 | 2N310! P
;g:' :gv:“:g' %% 32%% %% :77432‘; 100 ?E’&%M%?iﬂ%ﬁigiﬂgbﬁgb‘&h isg: 330n,3%0n  20p BCI6BC 10| BFI15 35 | MJE30SS 70| UCra4 W 68| oNass2 48 | 25C1173 125 | Miniature
BSp: 6V: 100 42p. 5K02-2MQ Double Gang gap|  470n,560n 26p BC169C 10| BF154/8 26 | MPF102 40 | VK101 80| 2N3302 30| 2SC1306 100 PCBty
. = . 680n 30p 170 151 BF167 29 [ MPF103 30 | VNIOKM 55| 2N3441/2 140 | 25C1307 150 | TuH u2,
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 1uF 34p 2u2 50p B8C171/2 11 BF173 27| MPF104 30| VNAGAF 78| 2N3614/5 199 | 2SC1449 85| 4u7, 10u, 22u,
100V: 1nF, 2, 4, 4nF, 10 8p; 15nF, 22n, | 0-25W log and linear values 60mm BC173 111 8F177 25| MPF105 30 | yNBGAF 80| 2N3663 15| 2SC1678 14033y, 47u,
30n, 40n, 47n 7p; 56n, 100n, 200n 9p; | 5KN-500KQ single gang p BC177/8 18| BF178 30 | MPF106 40 | yN8SAF 94| 2N3702/3 10| 2SC1679 190 | 100u, 220u,
50v: 470nF 12p. 10K2-500K 1} dual gang 10p BC179 20| BF179 35| MPSAO5S 25| yNBSAF 96| 2N3704/5 10] 25C1923 50330u,  470u
CERAMIC CAPACITORS 50V: Seif Stick Graduated Bozel 40p ACCESS BC181 20| BF180/2 38| MPSAO8 25| Z7X107/8 11} 2N3706/7 10| 25C1945 25
Renoe: 0 Bof 1o 10nF ao, BrF: 22nF: Orders BC182/3 10| BF1g4/5 38| MPSAT2 32| ZTX109 12| 2N3708/9 10| 25C1963 90| 1mH,  1mS,
ARG o oA e a< Y |RRESEHROTENTIOMETERS Just phone your | BC184 10{ BF194/5 12| MPSAS6 30| ZTx212 28| 2N3710/11 10 | 2SC1857 90|2m2,  4m7,
203 'F/sv" . 100nF/30V 7. 10.1W500 5MQ Miniaturs orders through. BC182L 10| BF196/7 12| MPSA56 30 | zTX300 13| 2N3713 140 | 2SC1963 140 10mH
nk/6V 8p. Vertical & Horizontal 7p We do the rest. BC183L 10| BF198/9 18| MPSUO2 58 | 7rx30f 18| 2N3771 179 25C2028 86|22m,  33m,
POLYSTYRENE CAPACITORS: 0-25W 1000 3-3MQ horiz. larger  10p 0923 50234 BC184L 10| BF200 80| MPSUO5 55'( ZTX302 16| 2N3772 186 | 25C2029 210 43m 60p
10PF to 1nF 8p; 1.5nF to 12nF 10p |0-28W2002 4-7Milvert 1 BC186/7 26| BF224A 25| MPSUDE 55| 7TX303 283773 210{ 25C2078 170| 100m  75p
= COMPUTER | 8226 250 | 2805101 850 | LF347 150 [ MSM5526 820 TDA2030 235] 7444 901 74177 4b] 133 60 | L5124 90
T I - RAM ICs 8228 220 | 780A DI 980 | LF351 48 | NESI5 275| TDBO701  420| 7445 55 | 74178 80| S138 180 | LS125 24
22.27,33,'39, 47, 50, 56, 68, 75, 82, FOR | ..., 350 | 8243 270 LF3853 95 | NE529 225 | TL170 50| 7446 50 | 74179 80| 5157 280 | LS126 25
85, 100, 120, 150, 180pF  15p each BBC | igosce o0 | 2250 850 LINEAR ICs LF355 85 | NE531 140 | TLOG1CP 40| 7447 40| 74180 40| S158 210 | LS132 35
200, 220, 250, 270, 300, 330, 360 2114L.300n 90 | S231A 280 LF356 95 | NE534 150| TLOB2CP 60| 7448 45 [ 74181 1155188 210 | LS133 30
390, 470, 800, 800,620 ' 21peach | MICRO 2114l 500 a5 | 5253 400 LF357 110 | NESA3K. 225 TLOBACN 98| 7450 16 | 74182 60| S189 158 | LS136 24
1000, 1200, 1800, 2200 30peach - |'483GAP " g | 8255 25 709capm 5 LF398 475 | NES44 210| TLO7ICP  24] 7451 16| 74184 90| S194 320 | LS138 25
3300, 4700pF 60p each - 2532 450n 350 | S22BAC  £35) 710 48 | LM10 328 | NE555 16| TLO72CP 45| 7453 16 | 74185 95|S195 795 { LS138 R
- 100ns | 2864 £12 | 82575 4001 7418pin 14 | (M30JAO 24 | NE556 465 TLO74CN  100| 7454 16 | 74186 470!S207 320 | LS145 70
NINIATURE TRIMMERS Capacitors 26 £12{ s259 395 [ 247C14pin 65 | LM30Y 45 | NE560 325] TLOBICP 24| 7460 16 | 74188 250 5225 510 | LS147 100
2-6pF, 2:100F 220; 2-250F, 5-600F 30p: | 29 B e | 8 £36 | 748C8pin 36 | LM30ST % | NES61 398 | TLOB2CP 46| 7470 36| 74190 48| s241 390 | LS148 70
10-88pF 35p. P 2732.450n 350 | 8272 385 | 7538pin 185 | LM311 70 | NES562B 410 | TLO83CP 75| 7472 24| 74191 48|S251 70 | LS151 40
: - Sras 30| s28a 350 | 810 158 { (M318N 160 | NES64 420| TLOBACN 90| 7473 26| 74192 46|S257 250 | [S153 40
RESISTORS Carbon Film Hi-Stab. 5%, 3242 530 8288 £10 | 9400CJ 350 | LM319 215 | NE§B5A 120 | TLO9ICP 55| 7474 20] 74193 45| S262 850 | LS155~ 35
miniature 4816-100nS 225 8PB304BN 250 | AY-1-1320 225 | LM324A 30 | NE566 155 | UA2240 ~ 128 7475 25| 74194 4015287 300 | LS166 36
RANGE val  1-99 100+ | aors 25 | er2ea 99 | AY-1-5050 99 | LM334Z 9 | NES67v 140 | DA78540 23| 7476 25| 74195 40|sS288 210 | LS157 27
w AT 28 2p ap 027 on 2| 8127 150 | AY-1-5051 160 | LM3352 128 | NES70 410 | UAA170  170| 7480 48| 74196 46|sS289 195 | LSi58 30
w 202-aM7 E12 9% P 4”6'200" b+] 8T28A 126 | AY-1-6720 210 | LM339 47 | NE571 400 | UAA1TB0 170| 7481 120 | 74197 40| S301 380 | LS160 3R
W Jooamy  El2 a8 4 200n 80| gTat 350 | AY-3-1270 730 | LM348 64 | NES534A 150 | UAAI003-3. 835 7482 65| 74198 80| 5412 380 | LSI61 3
2% Metat Film E24 6 i o0n 500 8795 90 ; AY-3-1350 350 | LM349 115 | OM335 750 | ULN2003 85| 7483 38| 74199 8431S47C 35 |LS162 35
oy Bl oo =cups | TN B SIC e S0 DM | hcismo @) Unaos s 70| Tl gisen e LSl @
i i i P ooklet for 4558 45 | ULN2283 7485
100 + price applies to Resistors of each 2143 ng b | 9364AP  BEO | AY-3-8910 150 | LM379 0 | Seen 25| UPCse. 30| jase 0| 74247 10| S47s ‘e |LSies o9
type not mixed. 4864.364K_ cog | 28 20 | AY-3-8312 625 | LM380 75 | SAB3209 425 | UPC1025H 375) 7489 170 | 74248 120 | s571 620 | (S166 65
RESISTORS Network S.1. 5101450 20p | AM2BLS3TC | AY-5-1230 450 | LM3SIN 145 | SAB3210 325 | UPCI1B2  330| 7490 20| 74249 120 15168 84
7 Commoned: (8 pins) 100:1 8800, 1K 2k2, 4K7, | 6116-150nS 390 125 | AY-5-1317A620 | LM382 115 | SAB3271 485 | UPCII56H 290 7491 35| 74251 65| 74LS LS170 75
10K, 47K 100K~ 26p 61161320 oog | AM26LS3ZA 125 | AY-5-1350 338 | LM384 140 | SAB4209 595 | UPC1366 195 7492 25| 74259 180! (so0 11 |LS173 68
8 Commoried: (9 pins) 1509, 1802, 2709, 3300, 1K, | 6117-100n 490 AT S 01 amlcasn™ g | msee 90| 563402 206 | XR2206 00| 7493 25| 74265 BB isp1 11 |LS174 60
2k2, 4K7, 10K, 22K, 47K & 100K 6502CPU 325 | AY5-1350 388 CA3012 175 | LM387 120 | 51490 30 | XR2207  375| 7494 35| 74273 150 | 592 11 |LS175 45
4 6503 00 | AY5-2376 600 | CA3014 275 | LMagg 9 | SN76003N 350 | XR2211 575| 7495 35| 74276 120 |[S03 12 |LS181 90
DIODES DGE 8804250 850 | AY:5:2376 600 | CA3018 86 | LM393 100 | SN76013 360 | XR2216  676{.7496 35| 74278 100 | (S04 12 | LS183 180
AATIS 15 | BRIDG 6805 COM8017 275 | CA3019 80 | LM558 75 | SN75018 148 | XR2266  360| 7497 90| 74279 50 | S05 13 | LS190 46
AA129 20 RECTI- " 8520P1A m COMS116 700 | CA3020 210 | LM725CN 325 | SN76023N 350 | ZN414 80| 74100 80| 74283 50 | 1508 12 | LS191 45
AaY30 15 {FIERS : | | 8521 100 | poeidty Do | GAsuzs 210 | LM733 70 | SN76023ND 240 | ZN419E  190| 74104 50| 74284 155 |USo9 12| (S192 4B
BA100 15 [1A/50v 18] So52VIA 300 | DS389IN | 320 | CA3028A 96 | LM1458 45 | SN76033N. 350 | ZN423E  135| 74106 55| 74285 155 |S10 13 |1S193 4
BAXI3 20 | 1A7100v 2 3 DS8BLS120N 275 | CA3035 255 | LM1871 325 | SN76116N 215 | ZN424E 130 | 74107 20| 74290 105 | LS11 13 1LS134 35
BY100 24 |1a7a00v 25 O ORRIOT b | FDIZ71 15 | CA3036 270 | LM2917 1% | SN7g131 125 | ZNA25E  345| 74100 25| 74293 80 [[s12 13 |LS195 3B
BY126 12 | 1a/600v 34 7SSERIES RO 530 | ED1791 CA3043 275 | LM301 24 | SN76227N 95 | ZN426E 300 74110 35| 74297 236 | S13 20 |LS196 4B
BY127 12 {24780y 30| 75107/8 SE5IACIA 650 | FD1793  f£23| CA3045 385 | LM307 45 | SN76477 420 | ZNA27E 600! 74111 &5 | 74298 100 | LS1a 26 | LSi97 45
CRO33 250 | 2A/200v 40 | 75110 Geo2EC FD1795 CA3046 70 LM3302 75 | SN76488 480 | ZN428E 410 74112 170| 74351 186 |1S15 13 | LS200 275
0A9 20 | 2A/400v 45| 75114/5 180 |j 2208 £20 | eD1738 CA3048 220 LM3900 50 | SN76660 120 | ZN429E 210 74116 50| 74365 30 | [S20 13 |LS202 275
0A47 12 | 2a/600v  es|75121/2 130 | cood FDI707 28 |CAISY 285 | Lwosoon @ SPB629 299 | ZN459 §70| 74118 55| 74366 30 |1Sz1 13 |LS221 BB
0AT0 12 | 6A/100vV 83 | 76150 125 sggg g HD26501 75 [ CA3075 2131 Lmagt1 125 | TA7210 160 | ZN1034E  200| 74119 60| 74367 30 iS22 13 |LS240 65
0A79 15 | easa00v 96 | 75154 150 |-ga0a Too | Me402 380 | CA0S0E 70| LM3g14 280 | TA7204 200 | ZN1040E 675 74120 60| 74368 30 |1S26 14 |LS241 &5
0A81 2 | 6a/600v 125 | 75182/3 99 INSBOGON 1050 | CA3081 190 | LM3915 250 | TA7205 90 | ZNA234E 850 | 74121 25| 74390 75 | 527 13 |LS242 65
o Toa200v 218 | 7518878 557)(880% 670 | INSBISAN  £9 | CA3086 48| 1M3916 250 | TA7205A 225 74122 35| 74393 90 |(Sz3 14 |LS243 65
oﬁgg 13 10A/600v 298 | 75322 140 62"3 % MC1488 65| CA3089E 215 | LM13600 110 | TA7222 w0 | TTL74 74123 3574430 85 . |s31 13 |LS244 85
0aet 8 | 25a7200v 240 | 75324 350 |1680 MC1489 55 | CA30S0AQ 375 | 57220 260 | TA7310 160 | 7400 11 | 74125 3B (8332 13 |Ls245 70
0A9S 5 | Soaveo0v 395 | 75361/3 150 [:8810 151 MC14411 690 | CA3123E 165 | M262AA TAAB2IAX1 205 | 7401 11 | 74126 35| 74C n 15 |[S247 B0
0A200 3 | Bvi6a oo | 75365 150 | 820 100 | Mciaai2 796 | CA3130 9 | M253AA 1150 | TAAGBIA 190 | 7402 11 | 74128 3 's37 13 |lS28 55
0A202 8! VMIBDIL 50| 75450 85 |.2585,  g99 | MC3446 250 CA3140 40| M5TSISL 230 | TAA700 275 | 7403 12 | 74132 30| 74C244 195 1S35 15 |LS249 8B
INg14 4 __|7%45172 B2iggsp 3y | MC3s7P 315 ] CAIIE0 95| MSISISL 320 | TAASDD 395 | 7404 13 | 74136 28| 74C245 196 - (SAC 13 |LS261 30
1N916 5 75454 85 |! 6843 35 | MKagg6-2M £7 | CA3161 1801 M5T5T6L 475 | TADIOO 163 | 7405 15 | 7414] 55 74373 260 | 1S42 28 | L5253 35
1N4001/2 5 75491/2 6 ||ggap MM1702A 300 | CA3162E 450 | MB3712 220 | TBA120S 70 | 7406 20 | 74142 175 74C374 245 : 547 36| LS257 30
1N4003 & | ZENERS 6847 MMS5280D 695 | CA3189 ~ 200 | MB3756 440 | TBAS40Q 275 | 7407 20 | 74143 210, 74C922 420 LS48 45 (LS258 35
IN4004/5 6 | Range: 2V7 to 6850 130 | MM5303 635 | HA1336W 240 MC1204 250 | TBAS50Q 330 | 7408 14 | 74144 210 1549 B0 |LS259 88
N4y 7 |39vacomw | SCR 685 oy | MM5307 1275 | HA1388 255 | MC1301 79 | TBAG41BX 7409 14 | 74145 50| g4y [S61  14lLS260 2
8p each 2 MMS53B7A 475 1 ICL7106 780 | w0303 88 | or BX11 20| 7410 14 |741a47 7|10 LS54 14| iS261 100
1N4148 & e Reach | THYRISTORS | 6854 599 | mmss17a 770 | ICL7107 975 | ucy3gap 260 | TBAGST 190 | 7411 16 | 74148 0| 2300 8. oh g4 iis2es 20
§ nsd01 15 | Range: | BA/OV 326878 500 | Mm74C922 420 | ICL7611 9 | \MC1310P 150 | TBABOO 80 | 7412 18 {74150 b0 404 85 ol 1glls273 54
1NS04 16| 33V 1IW oh | BA400V 40 ‘68000 £78 | Ro.3.9673L 650 | ICL7660 190 | \MCia4s 250 | TBABIO e | 7413 18 | 74151 ap|23L30 0258 el ls275 125
Neas ® SAB0OV  48|,74C922 420 | RO-3-2513U650 | ICLBOIBCC 300 | ic125106 695 | TBAS20 80| 7414 24 |74153 40| 2947 .oy gglisors
1544 3 BAS00V. 80 j|o000% S0 | SFFIE34E 800 | ICLB21TA - 150 | y4ci458 ® | TBAS200 200 | 7416 2 |74150 85| 7478 M| 56 pfisam0 w0
15921 H 800y, 2 ||s088 20| ™™MS27183v | ICMI205A 1160 | yicia6s 300 | TBASS0 300 | 7417 20 74155 40| 23BS 38|76 g|ispes a0
e 2 n2ijtooy,  paiite e 75| ICM7207 478 | MC1494 634 | TBAS30Q 30 | 7420 15 174156 40 |ar.Z0 o2 | 1S78 1815290 S0
TRIACS 12A400v 95 i TMS6011 365 | ICM7215 1080 | Mc1495 350 | TRAS40 275 | 7421 20 | 74157 30 [S83 36 |1S293 40
BAMMOOY  B0| '3az00v 54 | 12AB00v 188 | 8123 125 | TMS9928 €30 | ICM7216A) 1960 { \Giag6L 70 | TCA220 360 | 7422 20 | 74159 80— [sss 42| L(S295 7§
BA/B00V 85 | 3asoov e | BII06 150 8159 30| uLN2003 90| ICM72168 1950 | \c1s96 225 | TCA270Q 30 | 7423 20 | 74160 &0 | 748 LS86 16 | LS208 80
satoov go|BT1I6 18018158 30| UPD7002 40| ICM7216C 1950 | ycigss 290 | TCA280A 220 | 7425 18 | 74161 48 |7aSpo 38 |US90 28| L5299 150
NOISE a400v 69 | 108D 38| 1SS B0 zmocPuzs5 29| ICMI217A 790 | ycij0eG 90 | TCAS40 T8 | 7426 18 | 74162 40 |soz 30 | LS51 80| LS300 178
Diode gasoov 118 | Lot B 1 8isey g0 | ZBOACPU M| iCMiZ24 788 | mcazoz 90 | TCA965 120 | 7427 15 {74163 40 |s03 30 [1S92 32| LS302 178
z5) 195p | 12A100V 78 | 31c47 % |ls1Lses 88 00fyICMIza0 MC3340P 120 | TDA1004 200 | 7428 26 | 74164 40 |S04 40 [ LS93 26| LS320 200
oo 15 AL 280CTC 250 ICM7565 80| \mCy360P 120 | TDA1GOB 310 | 7430 14 | 74165 48 {sos 60 | LS95 40 | LS323 195
12a800v 135 | 2NS062 32 ;8202 ZBOACTC 260 | ICM7556 150 | y4C3401 % | TDA1010 198 | 7432 22 | 74168 48 |ous 0 | LS50 99| L5324 168
VARICAPS 16A100v 103 { Sho064 38 |.2505 | s £11] LA33S 20 | 303 75 | TDAN022 493 | 7433 22 | 74167 150 |s90 40 | (8107 40| LS325 296
BA102 16A400v 105 | 2N4444 130 | 8912 1| ZBODART 435 | LA4031P 380 | MC3405 160 | TDA1024 115 | 7437 25 | 74170 125 s3> 70 | LS109 28| LS326 200
BB1058 40 16A800V 220 R - 300 | ZB0AOART 860 | LA4032 295 | Mc3423 180 | TDA1034 350 | 7438 22 | 74172 250 |g74 75 | (S112 25| LS327 240
BRos 40 | 25V500vV 220 la216 j00 | Z80DMA - E75) LA4400 440 j4cag16 00 | TDA1490 35| 7440 15 174173 60 |Sge 85 | LS113 22| LS347 85
DBlooE i |2sAs00v 295 | DIAC 8224 10 | ZoDART BRI LT e MEGHOMD)  RIS) | TDAZRC? 28| 74 ®m 2474 8|Stz m | LS 2 L33 %0
T2800D 120, ST2 % MKS! 74175 55 [S114 85| LS122 3B|L
2= D1 | Z80APIO 78| LC7137 3% 24 275 | TDA2020 320 | 7443 90 [74176 40 |s132 110 { (5123 36/ LS353 62
4
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— "PANEL
. d 180
SWITCHES DIL SWITCHES VEROBOARD 0.1in o, i IDC CONNECTORS METERS RELAYS
TOGGLE: 2A, 250V. {SPST) 4 way 70p; & way 85p; clad plain | Vero Strip 374 - ] Miniature, enclosed, PCB mount.
SPST * 33p | 8way30p; 10way 145p. 212 x 3% 80p Pins  pins  Plug sox46 x35mm Our RLB series.
DPDT aup (SPDTHWBY 190p. 22x5° alp - St Angle 0-50,A SP.CO. _ 12V DC:
ROTARY SWITCHES: 334 x 334" 91p — | PROTO - DECs 10 way 1SI)p 1!;90: 1*1‘(5,: 0-1002A RLES1 17002 c‘f)'(')'v;\\;go'v% 2108
SUB-MBN {Adjustable Stop type) 3% x5 1050 87p | Veroblock 405p 16 way 20p 0-500pA 380V/6A AC; 13
SPSTonoff e 4 ole/2 1o 12way! 2p/2t0 6 way; 33ax 17" 380p 232p | o Qway  Wep 1660 128 0-1mA D.P.CO. ey
SeoTcover 5% 1 3pole/2tod way: dp/2to3way | 45p aax 17 a70p 50, Eurcbreadboard 6200 Bwey TE W leen  |osma 81l coll V2.7V DC; 250V AC; SA:
ns 1Bii MP L
ROTARY: Mains DP 25°V4Am9 Spot face c'fmer 135::"'2::323:?;:’552 1%3 40 way  20p 250p 190p g_égm RLEATI 1700 Goil, BV-14V: 250V AC
on/off 56p | Pininsertion tool 178p 50 way  23%p 270p 2'2«_;33 0-100mA el 17V5-20V 250:\’/
ROTARY: (Mak -a-switch) TV—E-R'O WIRING DALO ETCH 60 way = 0-500mA RLGA(‘:‘; 7400 coil, 5.
Make|a r’?ulnv;ay smg}ch Shai}{ng 8- I'pEN'+ spoool  340p | RESIST PEN . g.;:
sembly has adjustable stop. Accom- Plus spare ti 904 -~
fmodates up to 6 wafors Spara spool o e J EURO counscronﬁl . 0-25V T AMPHENOL PLUGS
{max. 6 pole/12 way + DP switch). g Feg:!le Sf":'é o Af.iu 0-50V AC EEE 24 Way 550
Mechanismionly 0P FFERRIC CHLORIDE ULTRASONIC Pns  Pins  Pins  Pins 9%3.00\/ AC Centronics ParaIIeIBG Way solder 830
WAFERS: {make before break) to fit [ ! Ib bag Anhydrous TRANSDUCER DINA1617 iy  Centronic Parallel 36 way {DC 550
the a]b?ve swncg melcr/\anlsm o 195p + 50p P&P 40KHz 326 pr 31way 1 - - W each o
1 pole/12 way: 2 pole/6 way; 3 pole/ - DIN41612 BUZZERS, miniature, solid-state
way: 4 pole/3 way; 6-/2 way COPPER CLAD BOARDS parhis W wmp 2w e | CRYSTALS | 6 3V8%,, 7ap
Mais DP4A Switch o it % | Fore  Single  Double- gpgp e o W W | J9KGe 28 | PIEZOI TRANSDUCERS -
pacers 4p. Scrzen 6p glass  sided sided 95 x 85" Dl);l416123x32 200KHz 268 | pB2720 P
ROCKER: 5A/250V SPST 28p & x8’  90p "gp 95p A+BAC 3p H0p 4Okp | 4B5KH 370
ROCKER: 10A/250V SPDT 38p 6" x 12 150p 195p 1MHz 275 LOUDSPEAKERS
ROCKER: 10A/250V DPDT c/off  85p EDGE 1.008M 27 Ministure, 0.3W: 80
* ROCKER: 10A/250V DPST with neon NNECTORS 128MHz 392 2in, 34in. 23im, 3in 80p
; _ 85p DIL SOCKETS €o 56 | DILPLUG (Headen | ippoy copie | 1.6MH: 3 | ofnann 6a0o Bon 800
THUMBWHEEL Mini front mounting Low Wire 2x15 way — 140p° Solder iDC price per foot 1.8NHz 395 o
bRy L?km%s gegs ges)s wiitlcl:‘ lm?::l? Tsp 8pin Pégf vg;p 2/15\way 180p 145p }g:;: :g: 1%%:: Gray Cgior ;gﬁﬁy % ASTEC UHF MODULATORS
S5t M . B.C.D. Switcl ! ! 10 way 1 d ;
3rioBresk 28p;  Mouning Cheoks (per pair TR | en 1 e veim o | 2pn smb e | 10wy 122 Ze | 24576M 200 | Seandard oMz 280p
2 o 1 S5 | Zx23weymmpamp | 40mn Z0p 26p | jouey 26 X ZBM 180 | Vidohand Sz s
18pin  18p. 52p 24 way 3 g
 JUMPER LEADS (Ribhon Cable Assembly) ! 2x28 way210p way %p Sip | 35794M o0
ET 14 pin 16 pin 24 pin 40 pin %ggﬁ 2: 2’; 2 %30 way245p — 2IF DIL ig way gp ggp 2.0MHz 150 ‘WEMON’ l,!ew Version
PROJECTS Smgle ended DIP (Header Plug) Jumper 2%pin  2%p 70p 2x36 wayggp - SOCKETS o way ssp so: 4.032MHz 290 WATFORD'S
Westock | 24 inches 165p 28pin  28p 80p 240 wey Sl 5 Zoin 57 | Gawar Bon | 480MHz 20 | yiimate Monitor IC
most of Double ended DIP (Header Plugl Jumper a0pin  30p 9% 2 ’“g ey, 9p - 28 pin 820 way 85p 4.194304M 200
e Stincnes 1sap gg: 316p 450;:‘ﬁ Lt i e g.gﬁ:‘lsM :g A 4K Menitor chip specially designed
12 inch . z onitor chi
249 :nchZZ 210p 23p 345p 540p ANTEX SOLDEHING IRON SiL 5.185MHz 300 to produce the best from your:
L'l:i I 36 inches HBop .37p B%p | C-15W SOCKET D CONNECTORS: Miniature 524288M 390 |  Superboard Series | & fl, Enhanced
u IDC Header Socket Jumper Leads 24" CCN-15W 495p 'CXZSW 0.1" pitch 9 way 15way25way 37way .OMHz 140 Superbeard & UK101. As reviewed by
20 pin 26 pin 34 pin 40 pin | Spare tips, assorted sizes 85p 20 way Plugs 6.144MHz 150 Dr A. A. Berk in Practical Electronics,
Single ended 160p 200p 260p 300p | SpareElsments 210p Solder lugs  80p 110p 180p 250p | g's53eMHz 225 June 1981.
Double ended 290p 480p  §28p |- Iron stand with sponge 165p Angle Pins  160p 210p 260p 355p 7.0%51;” ;gg Only £10
= : : W/Wrap 74 z
TRANSFORMERS: VOLTAGE REGULATORS SOLDERCON | ¥ 120p 130p 196p 2%p | 7568MHz 200 BBC MICRO'
30-3V; B-0-6V; 9-0-9V; 12-0-12V; 15-0-15V W L5250 Plastic Casing PINS Sockets 8.0MHz 150
@ 100mA +ve —ve ideal for making SIL Solder ugs  110p 160p 210p ﬁv 8.08333M 395 UPGRADE
P b i SV 7905 405 708 den o0 et Wiiag o 1oo0 2o 2 U | ESTEM 1R | | Qur BBC Mickd Unbrack Kitswil
VA 2X6V0.257,12x9V:011BA; 2200128 12v 781z 4op 7908  60p 100 pins 750 | W/Wrap - 3.00MHz 150 ur Pg
2x16V-0.1 2005 15V 7815 40p 7912  46p 500 pins 360p | Pins 150p 180p 240p WP1 = 10.0MHz 175 saveyoufsss...)
DA GVOsH 2OV 2205 1BV 7818 Ap 7915 dop Cavers o *F Lcdmon | 1028MHz 20 | 16K Memory (8 x4816AP) £18
2x16V-0.2A 0 24v 7824 40p 7918  46p ALUM aoxss IDC 25 way plug 385p t450p | 107 10| PrinterUserI/0 PortKit ~ £8.20
Standard Split Bobbin type: 7924 46p 3x2x1° 120z =1 SK10with 36" Cable £2
b3 255/\0 e ey 1RmATOS2 Flastic packagd ::% :%g' 1& 25 way ‘D’ CONNECTOR 3 §f3?’2m 170 Complete Printer Cable 36  £12
LN TR 3A; 2x6V-1A;  20V0.6A: oy olce e maos  fom 4xax2° 108p [ Jumper Lead Cable Assembly 16.0MHz 200 | SK9 with 36" Cable £3
2x12V-0.5A; 2x15V0.4A; 2x20V-0.3A sV 78L08 Mo 4x4 xﬁ'v 2| 17 o Shol ST 45 18.0Milz 180 | DiscInterface :élt £6£41
235p (35p pép) 5x4x HE09 4 ; Analogue /0 Kit b
EiVoB LRt 0 e il | v daltE B mit R | SN me| s sobBedlie o | SR | Anaoguel/c e
2x15V-0.8A; 2x20V-0. 0p pép x - long, b / .
BOVA: 2x6V-4A; 2x8V-2.5A; 2x12V-2A; 2x15V- LM300H 170p TAAS50 80p | 5x2§x2i" 130p | 36" long, Double Ended, M/F 995p 24.0MHz 170 Expansion !(B:ui IK|:t3 o m.g
1.5A; 2x20V-1.3A; 2025V-1A; z:aovoe | LM304H 170p TDA1412 1B0p | Gxax2” 20p 24.950MHz 325 | SK11with Cable 36"
p (60p p&p} LM305H 140p 78HO5 +5V/5A580p | gx4x3” 150p O SPECIAL OFFERe® 26.69M 150 S$K12 with Cable 36 . £3.75
Specially wound for Multirail Computer PSUs LM309K 13Bp 78H12 +12V/5A 7x5x3: 180p L 27 648M 170 Complete Upgrade Kit from
50VA giving +5V/BA; +12V; +25V; —12V @ LM317K 320p 580p 8x6x3 - 210p TEX EPROM ERASER 27.145M 190 Model A to Mod. B £45
{60p pErp) LM317KP 99 78HG +5Vto +25V | 10x4x3 240p Only JBLECETM 155 | ool f Connectors &
‘mWA 2x12V4A; 2x15V-3A; 2x20V-2.5A; LM323K 450p bBA 589p 10 %7 %3 275p 48.0MHz 170 omplete range of :
2x25V-2A; 2x30V-1.5A; 2x50V-1A 820p (75p | LM337 78p 79HG +2.25V1024V | 12x5x37  260p £29.95 1000MHz 285, | Cables available. Send SAE for fist
p&p charge to be added over and above our nor- £M723 Var 3%p 5A 685p 12x8x3 116.0MHz 250 .
mal postal charge). B
S Tin w|wa w| oproELEC-
4076 50
0 4543 80
i Bl@ R|ER &) TRomce COMPUTER CORNER NEC PC8023BE-C PRINTER
G0 5 &5 i am | TSR 0 ® MXS0FT/3 EPSON PRINTER 10” & Friction feed, 99 it Pgubr%pe'; most pgp;uelgkrinr;nggazolumn
4082 13 TIL211 G 1 Bidirectional, Centronics Interface 100C i-directional, Logic 3 ,
4007 4 4563 245 80 column, Speed 80CPS, Bidirec N d lower
4085 50 TL212 Yel. ] -Res, Bit Image 7x9 Dot matrix head, true descenders on low
4008 32 4554 190 2l Baud-rate 110-9600 (RS232, Hi-Res, ) " H Al
4005 pre] % | 4555 £ |t 2 stancrilard Subl;cn t & Superscript, Italics & Underlining facility case, Superscript & Subscript & Underlining facility.
2010 2 :ggg % 4556 x| 2 é}ereen. Yellow or glrap 5!33 R e o‘f) paper FREE. Proportional spacing, Forward & reverse line f:ed,
mber us N Dot i-1 ics. Auto
:8}; ‘}g 4084 70 2??; :‘%g 0.27 Bj colour . Rnxmo EPSON Printer. 136 Column, 15" carriage, plus ail the Tractor of friction fead,gh r?]s &tsl)I<:fcll§agr:$hlcs u
4013 20| 4095 95 | 4559 395 | Red/Green s features of MX80FT/3. Plus FREE 500 sheets of Paper. uriderting. Plus FREE 500 sheets of Paper.
d014 a6 | 4096 70| 45e0 160 SrseryGilow] 7 Only £425 + carr. Price: Only £320 + £7 carr.
.. it coloul . .
23:2 g +4098 7 gg; g Red/Green/Yeliow 85 ® SOFTY Il. An intelligent Eprom Programmer lg_ndI Em;lsaégrz.
4017 32 (4098 110 [ 4566 165 | Hi-BrightnessRed 59 Accepts a 24 pin 5V Eprom. Has Memory Map TV Display.
4018 a5 | 4180 % | 4568 250 | Flashingred and Centronics I/P & O/P. Copies, Emulates and programs.
4019 25 | 4161 9 | 4569 17 | 0.2"red . RS 232 and centronics routines standard. PSU lnclud(:!d. .....£169
4020 2 ﬂgg gg 7572 k] (S;quam#ﬁ:)s' et 30 ® TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes... £33 DRAGON
s a0 |4ma s | 380 3B | Rige . Swckale | @ TEX EPROM ERASER witha safety switch.. 0&(5: 4
B |am o ows R T LEDs w1 | © TEX EPROM ERASER plus our Solid State ELECTA The Family comguter o
4583 99 | Red. Green or TIMER i E Microprocessor based Computer has
zggg % 3383 % piood ;g ;ye;gngular Leps 18 ® ELECTRONIC TIMER, Solid state, 15-30 min. .Conngﬁitssdlrz(;tx Lhe‘;g?egxpandat‘;le to 64K. The other features are:
4026 80 4585 b Erasers. Protects your expensive )
4410 725 Green or yellow 2 to above I . you 5 ® Nine Colours i
28% g 4411 675 :gg—g g Ll?zeﬂ |n¥ra Red 46 overcooking. Our timer pays for itself in no time.........c.cccccoeus £15 @ 5 Resolution Graphics from 16 x 3210256 x 192
4029 8 | 4412 75 | 40085 90 SFH205 Detector 118 ® SPARE ‘UV' Lamb bulb. . ® Extended Microsoft Colour Basic
4030 15 | 415 480 40097 45 | TiLS2infraRed = ® 5V/5A Power Supply Ready-built & tested... ® Advanced Graphic Commands
do31 1 | 303 F0 | ooss 1w | TBDewector 1 80 | o poe R SIpRLY. Regulated with Overload protection. o 5 Octave Sourd through TV Speakers
4032 80 2 = :g}g? %E 1{330 80 Output, 5V to 16V at 4A. Professionally finished ; = *:fﬁ @ Full Editing — Insert, Delete, Amend
203 1a | a5 So | MIST 1R | DAReRaeH. Red 10 ® MULTIRAIL POWER SUPPLY KIT.Especialy designed for @ Conuontional Full GWERTY Keyboard
4035 a5 | 4450 350 | 40103 175 | segments 25 Micros. Tested output: +5V/5A; +12V; + S B ® Simple Plug-in type connections for Joysticks
203 275 | 4451 350 | 40104 %5 ISOLATORS 55 @ ABS CASE Attractive, Beige/Brown for Superboard, o8 Cartridges & Cassette
4037 115 | 4490 360 | 40105 110 :L7D47 A o NASCOM, or HOme brew (please state) . 7 @ Centronic Parallel Printer Port.
038 J0 | 4500 o7 | 40108 48 | ILD74 185 ® Stack-Pak Unique stackable twin drawer racking system for ® 160 pege 'BASIC’ Manual
4039 250 | 4501 28 | 40107 80 | -ILQ; : ttes. 5 Drawers (10 sections) includng labels and 'BA lour TV or Monitor & mains
4040 40 | 4502 60 | 40108 480 | TiL111/2/4 90 storing cassettes. 550 All you require is a colour ] ] | |
4041 40 | 4503 40 | 40109 100 | TIL117 125 10 x €12 Computer grade cassettes............. a0n supply and your DRAGON is Huffing & Puffing, Up &
4042 40 | 4504 75 | 40110 300 | 4N33 Photo i ® C12 COMPUTER GRADE CASSETTES in library cases. : {l_; Running,
4043 40 | 4505 185 | 40114 240 D;mngton o7 nas ® 83 Fan Fold paper {1000 sheets) o Only £173 (£4 carr.)
sl i licos 3| gonsh Tase | =ited isple¥%s | @ 91" Fan Fold paper (1000 sh
4046 46 | 4508 130 | 40174 6 | TIL312.37CA 18:
4047 40 | 4510 46 | 40175 75 | TIL313.37CC 106
4048 40 | 4511 45 | 40181 220 TlLBg; g gé 4
me = e: 8|mm B\ maEse i M
4080 25 | 4 i
4051 45 | 4514 115 | 40193 DL707 3- CA o ULTIMU i
pr - B bt R4 S ) 18 WATFORD'S own most _versatile
45 I
W% @ |7 2 | doe s | Sowenca ] FLOPPY DISC DRIVES - MICRO EXPANSION SYSTEM. Ideal
e | &R BN W) Fifhecs | TEACTDE0ASdeUcoseddduacksinglosido for interfacing with APPLE, ATOM,
4056 85 | 4519 3 33 1 @ TEAC Single FD-50A Cased wi ’
ds WE |41 | 47a 38 | bwie " s | @ TEAGTwinFD-50A Cosedwith PSU.. DRAGON, PET, RESEARCH MACH
:ggg 4:4’5 2?%2 125 | 45106 5% tgg :Ziopiﬁists g [} ZEP?’E Eslilnglf ffDa-E;Ofa?g ft;?cal;,gszed with PSU INE, SPECTRUM, SUPEFBO /éFo‘ 2(,
Ial [ ] nterfac
w0 ' |y B LCD 6 Digits €5 | e SIEMENS FDD 100-5 Drive. Cased, head, motors, track zero VIDEO GENIE, ZX81, etg ogvractncal
4063 85 | 4528 70 ESP}(.)OOC 265 NEONS micro switch & motor controt PCB with read, write & control elec- High Spec.” As pubhshe in
e | BB 1Rl ocert 10 | Neame i, rut fidng tronics pius cable JEorAppIMictacomputar = =i Electronics starting from November
B OEE % g og ) B o St ol bl s 1982,
REFLECTIVI tical ” Si Sided D erbatim Diskette:
@ 5 a8 mem 8| Sl | © 8 Sk . Send SAE for details.
SLO ptical
g3 e m B B | ST o )
4073 15 [ 4539 110 | BPX65 20 | comp.s 186p

‘ETI JANUARY 1983



CAPACITORS

Folyester, radial leads. 250v. C280
type: 0.01, 0.015, 0.022, 0.033 -
6p; 0.047, 0.068, 0.1 - 7p; 0.15,
0.22-9p;0.33,0.47 - 13p; 0.68 -
20p; 1u - 23p.

Electrolytic, radial or axial leads:
0.47/63V, 1/63V, 2.2/63V,4.7/63V,
10/25V - 7p; 22/25V, 47/26V - 8p;
100/25V - 9p; 220/25V - 14p;

POTENTIOMETERS

Rotary. Carbon track Log or Lin
1K - 2M2. Single 32p. Stereo 85p.
Single switched 80p. Slide 60mm
travel single Log or Lin 5K - 500K
63p each.

Preset submin. hor. 100 ohms -1M
7p each:

Cermet precision multiturn, 0.75W
%' 100 ohms to 100K - 88p each.

Small trimming tool 22
Small pocket screwdriver 16
Large pocket screwdriver 13

6 piece precision screwdriver set
in plastic case .. 1720

470/25V - 22p; 1000/25V - 30p;
2200/25V - 50p.

Tag end power supply electrolytics:
2200/40V - 110p; 4700/40V - 160p
2200/63V - 140p; 4700/63V - 230p
Polyester, miniature Siemens PCB:
in, 2n2,3n3,4n7,6n8, 10n, 16n, 7p;
22n,33n,47n,68n,8p; 100n, 9p;
150n, 11p; 220n, 13p; 3300, 20p;
470n 26p;680n, 29p; 1u33p;2u2,

50p.

Tantalum bead:
0.1,0.22,0.33,047,1.0 @ 35V -
12p. 2.2,4.7, 10 @ 25V - 20p;
15/16V - 30p; 22/16V - 27p; 33/
16V -45p;47/6V - 27p; 47/16V -
70p; 68/6V - 40p; 100/10V - 90p.
Cer. disc. 22p-0.01u 50V, 3p each.
Mullard miniature ceramic plate:
1.8pF to 100pF 6p each.
Polystyrene, 5% tol: 10p-1000p, 6p;
15004700, 8p; 6800 0.012u, 10p.
Trimmers. Mullard 808 series: 2-10
pF, 22p; 2-22pF, 30p; 5.5-65pF, 35p

RESISTORS

%AW 5% Carbon film E12 series 4.7
ohm-1M. . . . 1peach.
%W 5% Carbon film E12

series 4.7
ohmto4M7 . . . 2peach.
YW 1% metal film E24 series 10
ohm-1M . . . 6peach.

REGULATORS

Low cost side cutters 160
High quality side cutters 650
Low cost pliers . . . 160
High quality pliers 650
Wire strippers . 120
Expo reliant drill . 695
Expo Titan drill . . -1025
Drill stand - . . . 1200
Reduced shank drill bits for

abave 0.8mm, 1mm, 1.4mm 60

MAIL ORDERS:
Unit 1; Hill Farm Industrial Estate,
Boxted, Colchester, Essex CO4 5RD.

78L0S 30 79L0S 65
78L12 30 79L12 65
78L15 30 79L15 65
7805 35 7905 40
7812 35 7912 40
7815 35 7915 40
LM309K 130 LM723 35
LM317K 270 LM338K 475
LM317T 120 78HO55A

LM323K 350 PSV . 550

i e U SR
SOLOERING IRONS
Antex CS 17W Soldering iron 460

23 and 4.7mm bits tosuit . 65
CS 17W  iron: 450, element: 210
Antex XS§ 25W . . A

3.3 and 4.7mm bits to suit . 65

Solder pump desoldering tool. 480
Spare nozzle for above .. 70
10 metres 225wy solder 100

PCB MATERIALS

»3mmred 7 P5mmred 7
p3mm green 10 »Smm green 10
p3mmyellowl1l P 5mm yellowl0
Clips to suit - 3p each.

Rectangular TIL32 40
Pred 12 TIL78 40
green 17 PTILI1 80
yellow 17 ORP12 85
P> TIL38 40 TIL100 90
N6777 45 Dual colour 60

Seven segment displays:

Com cathode Com anode
DL704 0.3 95 DL7070.3" 95
P FNDS500 FND507

0.5 100 0.5” 100
TiL3130.37116 TIL31203"116
TIL3220.5”"1156 TIL3210.5"116
LCD: 3% digit 580p. 4 digit620p.

lesncincano o
VISA °
" e

ACCESS AND

Alfac transfer sheets — please state
type (e.9. DiL padsetc.) . 45
Dalo etch resistpen .” . . 100
Fibre glass board  3.75""x8” 80

400V 8A 65
UELACS 400V 16A 95
400V 4A 50 BR100 25

Ferric chloride 250m! bottle. 100

Low
protile

8 pin

14 pin
16 pin
18 pin

20 pin
22 pin
24 pin
28 pin
40 pin . 25p

Soldercan pins 60P/100

23p

COMPONENT KITS

Resistor kit. Contalns 10 of each val
of 650 resistors) .

Ceramic Cap.
Polyester Cap. kit. 5 of each value f
Preset kit. Contains 5 of each value
65presets . . . . . . .
Nut aiid Bolt kit {total 300 items):

25 6BA
25 6BA
50 6BA nuts

25 48A %"
256BA %"

ANYWHERE! 3164

5 of each value - 22p t0 0.01u (135 caps)

50 68A washers

able at low low prices.

An ideal opportunity for the beginner or the experienced constructor
to obtain a wide range of components at greatly reduced prices. AW 5%

lue from 4.7 ohms to 1M (total

rom 0.01 to 1uF {65 caps)

from 100 ohms 10 1M (totaf
et 4 W A 425
180p
s 50 68A nuts
bolts 50 6BA washers
bolts_

2114L-2 ZBOA CPU 811596
MICRO Wy IH] 205 ZBOAPID 260 81LS97 85
2632 340 ZBOACTC 260 1488 55
BEST 2732 340 ZB0A S10 900 1489 55
PRICES 4116 P20 70 ZBOABMA 1150 Epson Printers and D
6116-P3150nS 365 ZBOA DART 500 Connectors now avail- 3mm red LED
440 811595 85 7805

Offer ends 31 12

40193 66 4528

4529

Colchester (0206) 36412. WELCOME

LINE LM339 45 Lm3911 120 NES66 140 TL064 96
i LM348 60 LM3914 175 PNES67 100 T1LO7% 30
LM358 60 LM3915 195 PNE570 370 TLO72 50
§S6CMOS 80 |CL7106 790 LM377 170 | M13600 105 NES71 370 TLO74 95
656CMOS 150 |CcL7611 95  pLM380 65 MC1496 68 PRC4136 55 pTLO81 25
708 25 |CL7621 180 PLM381 120 MC3340 135 PRCAS58 60 TLO82 45
LAl 14 |CL7622 180 LM382 120 BMFIOCN 350 SLABO . 170 TL084 95
738 35 |CLB038 295 _M3gé 130 ML922 400 SLA90 N\250 TL170 50
9400CJ 350 |CLB211A 200 LM386 65 MLS24 195 SL76018 150 UA2240 120
AY-31270 720 |CM7224 785 LM3g7 120 ML925 210 PSN76477 380 ULN2003 85
AY-3-8910 370 |CM7565 80 |M393 100 ML926 140 SPBB29' 250 LULN2004 90
AY-3-8912 540 BLF351 45 | M709 25 ML927 140 - TBA120S 70 XA2206 290
CA3046 ~ 60 LF353 85 |m711 60 ML928 140 TBASO0~ 1 76 2ZN4t4 100
»CA3080 65 LF356 90 | M725 350 ML929 140 TBAgI 96 2ZN423 135
CA3089 = 190 LM10 360 1 m733 75 MM5387A 465 TBAB20 70 ZN424 135
CA3020AQ376 LM301A 25 | m741 14 NES529 +225 TBA950 228 2ZN425E 350
CA3130E 85 LM311 70 | M747 60 NES531 , 160 ~TDA1008 320 ZN426E 330
PCA3140E 38 LM318 120 | \1458 40 NES544 % 205 PTDA1022490 2ZN427E 650
CA3161E 100 LM324 40 | m2017 200 PNESS5 16/ .TDA024 125 ZN428E 480
CA3189 290 LM334Z 100 | m3gop 45 PNESBE 45 TLOG61 40 ZN459 285
PCA3240E 110 LM335Z 125 p_m3900 70 NEBGS . 110 TLOGZY. 60 ZN1034E 200
BCE17 40 BF337.-40" MPSUS6 60 2Tx108 8 2N3055 60
TRANSISTORS BC547 7 BFR40 © 23 TIPZ9A 30 ZTX109 12 2N3442 120
8C548 10 BERASD 23 TIPY98 §5 2TX300 14 P2N3702 6

AC125 35 BC149 9 'BC549 10 PBFABY 20 T(p29C. 37 2TX301 16 2N3703 9

BC558 10 BFX29 25 TIP3DA 35 2TX302 15 P2N3704 6
BCY70 18 BFX84 25 TIP30B 50 2TX304 17 2N3705 9
8CY71 = 18, BFXB5 25 TIP30C 37 ZTX341 30 2N3706 9
8CY?72 - 18. BFX86 .28 TIP31A 35 ZTX500 15 2N3707 10
8D116 55 BEXB7 425 "TIPIIC 37 ZTX501 15 2N3708 10
BD131 35 © BEX88“ _28..TIP32A 35 ZTX502 15 2N3708 10
BD1324 35 . BFYSO 23 TIP32C 37 ZTX503 18 2N3772 170
80133 50 BFY§1 20 TIP33A 50 ZTX504 25 B2N3773195
8DI35 40 .BFY52 %3 TIP33C 75 2N697 20 M2N3819 18
8D136 30 BFY53 32 TIP34A 60 2NG9B 40 2N3820 40
8D137. 30 - BFYS5- 32 TIP34C 85 2N706A 20 2N3823 65
BD138 30 BFY56 32 TIP35A 105 2N708 20 2N3866 90
~pBD138 85 BRY39 40 TIP35C 125 2N9iB 35 2N3903 10
PBC182L:8 .¥BD140 35 » BSX20 20 TIP3BA 125 2n1132 22 2N3904 10
8C183 19° 80D204) 110" BSX29 35 TIP3GC 135 2N1613 30 2N3905 6
BC183L. 10 BD206' 110 BSY95A 25 TIP4A1A 45 2N2218A 45 2N3906 10
BD222 85 B8U205 160 TIP42A 45 2N2219A 25 2N4037 45
@F180 35 BU206 180 TIP120 90 2N2221A 25 2N4058 10
8F182 35 BU208 170 TIP121 90 2N2222A 20 2N4060 10
8F184 25 MI2955 99 TIP122 90 2N2368 25 2N4061 10
8F185. 25 MJE340 50 TIP141 98 2N2369 16 2N4062 10
. BC213L BF194 12 MIES20 65 TIP142 .98 2N2484 25 2N5457 36
BC214 BF195 12 MJE521 95 TIP147 110 2N2646 45. 2N5458 36
»BG214L 8 BF196 12 MJE3055 70 TIP2955 60 2N2904 20 2N5459 30
8 BF197 12 MPF102 40 TIP3055 55 2N2904A 20 2N5485 36
14 BF198 10 MPF104 40 TiS43 40 2N2906 22 2N5777 45
12 BF199 18 MPSAO5 22 TiS44 45 2N2905A 22 2N6027 30
14 BF200 30 MPSAO6 25 TIS80 30 2N2906 25 40360 40
14 PpBF2448B 22 mPSAt12 30 TIS91 30 2N2906A 25 40361 S0
14 BF245 30 MpSAS5 30 VN1OKM 45 2N2007 25 40362 50
14 BF256B 45 MPSASG6 30 VN4GAF 75 2N2907A 25 40408 70
30 BF257 32 MPSUDS S5 VNGBAF 85 2N2926 9
30 BF258 25 MPSUDG 55 VNBBAF 95 P2N3053 23
30 BF258 35 MpsUSs 60 2TX107 8 2N3054 56

Submin toggle:
Miniature toggle:

DPDT 90p. DPDT
Standard toggle:

| SPST 35p. DPDT4
Miniature DPDT s
Push 10 make 12p.

SPST §5p. SPDT 60p. DPDT 65p.

SPDT 80p. SPDT centre off 90p.

centre off 100p.

8p
ide 12p.

o our n

TRANSFORMERS
Miniature mains:
606V, 909V, 12012V all @ 100mA 1

PCB mounting. Miniature:
3VA 06,06 @0.25A;0-9,09@0.1

Please add carriage charges

ormal post chargss.

00p each.
5A;0-12,0-12 @ 0.12A 200p each.

6VA 06,06 @0.5A;09,0-8@0.3A;0-12,0.12 @ 0.25A 270p each.
High quality. Split bobbin construction
6VA 06,06 @0.5A;0:9,0-9 @ 0.4A;0-12, 0-12V @ 03 A 220p each.

12VA 06,06 @ 1A;0-9,0-9 @ 0.8A,
@ 0.4A 295p (plus 40p carriage).

. 0-12,0-12 @ 0.5A:0-15, 0-15

25VA 06,06 @ 1.54; 0-9,0-9 @ 1.2A; 0-12,0-12@ 1A;: 0 15,0-16 @

1.5A. 440p each (plus 75p carriage)

4018 45 4039 280 A3z Push 10 break 22p.
4000 10 4019 25 4040 40 ‘ab44 Rotary type adjustable stop. 0.8A 330p each (plus 60p carriage}
4001 10 4020 42 4081 40 4538 1P12W, 2P6W, 3P4W all 55p each. | 50VA 0-12, 0-12 @ 24, 0-15, 0-15 @
4002 12 4021 40 4042 38 4543 DIL switches: ;
4006 50 4022 45 4043  40° 4511 40 4549 4SPST 80p 6 SPST 80p. 8SPST
4007 14 4023 16 4044 49 40 4553 100p. HARDWARE
4008 ai 4024 33 4046  40. . 4555 == | 2
4009 24 4025 12 4047 35 4556 teery clips R
4010 24 4026 75 4048 38 4559 VERO Red or black crocodile clips . 6
W12 15 4om a0 s 2. P VEROBLOC < 350 | Bl Gitszeanie vansdocere . 350
4013 20 4029 45 4051 42 4585 Size 0.1 matrix: P6V Electronic buzzer 60
4014 45 4030 14 4052 48 45 40173 ~100 ~4526¢ 25x 1 = 22 | »12v Electronic burzer | 65
4015 40 4031 125 4063 4B 4077 14 40175 . 75 4527 2-2 i g o2 || »P82720 Piezo transducer. 75
£ P64mm 64 ohm speaker 70
PP s20 2 LS75 20 15123434, LSIE0 35 LS197 45 LS353 60 3roids)) 195 | »64mm 8 ohm speaker 70
Ls21 12 LS76 17  LS128 24~ LS16] '35 .LS221 50 Lsies 28 § ¢Oo0d .o - 20mm panel fuseholder 26
Ls2z2 12 Ls78 17 Lg/gs 25 Ls162 35 LS240 60 1s366 28 | SooPineber OUf &
LS00 13 Ls26 14 - LSE83 35 s 35 Lsie3 3 LS241 55 Lsaey g f| Sroesided 50
Lsot 11 LS27- 12 LS85 48 Lsiz 26 LS164 40 Ls242 65 Ls3e8 29 W OO NCTN 105 BOXES o
LS02 11 LS30° 12 Lsge 16 LS138 30 LS165 55 LS243 55 LsS373 58 Pi"n A tionithol 162 — Aluminium
LS03 12 LS32 13 LS90 24 L5133 30 LS166 60 LS244 55 LS374 60 Wiring pen and spuoll 110 ?iashc with 3x2x1, . 70
Lso4 12 Ls37 14 LS92 25 isws g0 LSIHO 75 1sa4s 70 Ls3zs 43§ CUSORRPISIPOC. o ST | lid b screws PR
LSO5 12 Ls38 15 LsS93 24 . LS147.150 LS¥73 60 LS247 48 LS377 60 3x2x1" 55 4x3x2" 100
LS0B 12 Ls40 13 LS95 38 Lsi48 75 - LS174 45 Ls2s1 28 LS378 57 4%x3x1%" 88 Bxdx2” 120
LSO 12 LS42 28 LS96 @8  (S161 38 LS175 45 (S257 32 LS390 45 m TxAx2 160  6x4x3" 150
LS10 12 LSs47 ~ 35 - LS107 = 40 . LS153 ;;gi tg}g? g: LS268 32 tgggg gg S -
LS11 12 LS48 45  LS10Q, 21  LS154 ) L5259 55 1
Ls12 12 LSS1 14 . Lsi12' 21  Ls155 33 LS192 35 LS266 20 Lssa1 78 R e 400V8A 70
LS13 19 LSS5 14 LS1IQ 21 (LS)S6 (36 LS193 36 LS273 58 LSG70 135 0247 1g e 5 400V 12A 95
LS14 30 LS73 18 LS114> 22 LS157 26 1LS195 32 LS279 30 gAg? oW e g
LS15.. 12 LS74 17 . LSi22/ 3B L5158 29 LS19% 45 1S283 38 S B LR B 6RiDGE 24200V 40
§2A 400v 45
7413 19 Tade 85 MBI 30 7a122 38 74161 46 7419 4o | G402 B 1MOA04 i TIFIERS byAproavapes
TTL 7446 58 485 60 74123 38 74162 74191 40 B e B ey 6 6A 400V 95
7447 7486 19 74125 33 74163 74192 40 || »1N4148 Q0pVizeD 1AS0V 20 VMIBDILOSA
7448 7489 180 - 741256 33 74164 74193 40 1A 400V 35 200V .
7450 7490 19 74132 30 74165 74194 40
7451 7491 34 74141 54 74167 74195 40 CABLES
7453 7492 24 74145 48 74170 74196 40
7454 7493 24 74147 75 74173 74197 40 20 metre pack single core connect-
7460 7494 33 74148 60 74174 74198 80 ing cable ten different colours.65p
74
T Ta 38 saim 38 7a7e a5 00 %N Seeaker cavie 10/m N prices backed by Rapid’s re
7474 7497 86 74154 47 74177 Standard screened 18p/m R ,
7475 74100 78 74155 36 Twin screened 24p;m Stocks include Denco coils,
1 741 38 2.5A 3 core mains . 23p/m
;:;g ;218; gz 741 gg 28 10 way rainbow ribbon  65p/m s
17. 30 7482 74121 20 way rainbow ribbon  120p/m || free of charge with all orders over £10).

The Rapid Guaran

lee

* Same day despatch - *.Competitive prices
* Top quality components * In-depth stocks

CONNECTORS

DIN  Plug Skt Jack  Plug Skt
2pin 9p 9p 2.5mm 100 10p
3pin 12p 10p 3.5mm Sp Op
S§pin 13p 11p Standardi6p 20p
Phono 10p 12p Stereo 24p 25p
1m 12p 13p 4amm  18p 17p
UHF (CB} Connectors:

PL259 Plug 40p. Reducer 14p.
$0239 square chassis skt 38p.
502395 round chassis skt 40p.
IEC 3 pin 260V/6A.

Plug chassis mounting 38p
Socket free hanging . B0p
Socket with 2m lead 120p

MULTIMETERS

HT-120 4,000 opv

A smart looking 11 range pocket
sized multimeter with an impressive
spec. Complete with dattery, etc.
650p each,

HT-320 20,000 opv.

Highly sensitive 19 range multi-
meter inciuding transistor tester.
Overload protection. DC volts —
1000, AC voits — 1000; DC currenty.
0.25A. 4 resistanceranges.Complete

with batteries, leads, etc.  1395p

Our latest catalogue has just been released containing
over 2000 stock lines all at extremely competitive

turn of post service.
tools, Verocases, data

sheets etc. etc. Send 45p for your copy now (sent

ORDERING INFO. All components brand new and full specification. All prices exclude VAT,
Please add to total order. Please add 50p carriage to all orders under £15 in value. Send cheque/
P.O. or Access/Visa number with order. Our detailed catalogue costs 45p (free with orders over
£10). Callers most welcome. Telephone orders welcome with Access or Visa. Official orders
accepted from colleges, Schools, etc. . . Callers most welcome, we are open Monday to Saturday.

www americanradiohistorv com
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THE ETI ORGAN 'CRYOGENIC COMPUTERS

Here’s a major project for all you budding musicians — atwo- Do you get cold feet when you think about electronics? IBM 3

manual and bass pedals organ. This design has a single main design engineers took it a stage further, and next month we’ll

board that does all the usual organ stuff and also includes a be telling you what they’re up to.

very realistic-sounding multi-voice rhythm module. Sounds

expensive, doesn’t it? Wrong. The start-up kit to build one DESIGN COMPETITION

keyboard will cost less than £100, while a full kit (excluding There’s one group of people who’ll be camping outside the

cabinet) will be available for under £300. A fully-built version newsagents next month: the ones who entered our Design

will also be available, still at well under the price of organs competition. The next issue will reveal the name of the

with an equivalent performance. person who won the £100 prize for the best design based on
free PCB we gave away with the October issue. We’ve also

ZX81 ENHANCEMENT decided to publish one or two runners-up.

Here’s a very cheap little project for anyone who owns a ZX81
and sometimes feels like breaking it by hitting it with the

cassette recorder. Yes, we've got details on how you can solve
all the legendary problems this computer has with SAVEing La)K Om FOR THE
programs, and very cheap it is too!

LOGIC PROBE FEBRUARY ISSUE ON

Not another logic probe? Yes, here’s one that’s a little more
complex than before, which will give you anindication of ]
pulse presence and polarity besides the usual high and low SALE 7th ANUARY

indications.

Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.

r----------------

SUBSCRIPTION ORDER

! FORM ; s Y ﬁ;{&ﬂffﬂmﬂﬁ §
Cut out and SEND TO : W —— . W (BUYER'S GUID
: Electronics Today International, Bdsi] € I THE. UNIVEI'RJSEE ;
513, LONDON ROAD, : : b | S oS o
i THORNTON HEATH, L i e |
i SURREY, Pﬁ,“;::'ﬁ& i Thr
r
1 ENGLAND. £
l Please commence my personal subscription to Electronics Today f,"rec:l'«er
l international with the . ... issue. 1
SUBSCRIPTION 1 am enclosing my (delete as necessary) | -
l RATES Cheque/Postal Order/international Money
I (tick (] as appropriate) Order for
T coerm
l £13 15 for 12 issues [J ﬂ £ v
£1 6.95 for 12 issues [ (made payabIeRto ASP. Ltd)

overseas surface
£36.95 for 12 issues [] Debit my Access/Barclaycard*

Air Mail (*delete as necessary)

s e
VLTI ]] : SUBSCRIPTIONS
lease use BLOCK CAPITALS and include codes.
Nm(:ﬂrers’Mi:; o poft The magazine you hold in your hand is the

o deleteaccodngy T i biggest seller in the UK electronics field.

i o A q Why risk your newsagent running out?
it vas e s S Bl e et 1 g 4 e ot Take out a subscription using the form
S N e [EEETRIE P j provided,and makesureofgettingthe next
SIBNAIUIE . .. ...\t " 12 issues. Don't you deserve not to miss out
Date ... on the best?

07



CRICKLEWODD ELECTRONICS LTI

ph ‘.ﬁ'.?s"s‘.‘s"r%”;v CARBON
MI STA|
Low
4 105 -Thatn 8% £ 5na
E24 GradeOne | 3
W 100 10M) b% E28 2 | Veroboard 0.4 | . GlassPCB 22714 55
1052-10MQ 6% E12 » Copperclad | Single Sided 2N2848 2N5210
2W 105 -10M81 6% E12 1:‘.’ 5-2*3-75 Bop | 178 x 260mm Guéps zﬂgﬁg 160
x5 A 320
METALO 1000 | 42019 2 i6p | 2N5221 1% 200 78p|
A e FILM 3 0| 1o | 2N5222 ) g 4 84y
Very high thermal 25x17 420 x 245mi 15p | 2NS223 1.5 2.88 o] 132 |
S ety Y| 13357 = oy i | aneess 2 % = o
104 se 4 375
et 4o 5% v o Ferric € Chlnndg $oo | ez ‘e i 80p 56p
2wel B l[VODowd fionel) el ke j 142 | 28227 18 il = Fed
LOW OHMIC VAL Track Cort arep || one fitre with eép | 2N &p 1.7 §5p 880
sowommc i ggemon | {5 52w £ | B = = 7 =
,2200-8.203 E12 Verobloc <) 5 45 35p 1 3
WIREWO s St g‘;"n!snsr 0 |y fd i 7o =
L WIREWOUND RESISTORS 5% e Spagf X9 i 10, [{245248 4 et 4 =
Iwern ez coore,Spooti 7204 12 T e 170 | 2N5243 & 234 400 poz
TorIW 106 39K 2 6p | 3 Th'“b;ﬁss i 1p | anezee 51p 375 5o poa
5. [ 1000vaccaps | 5 Ok Wp 2529 & e # o5
LOW NOISE 00VAC) Arisl | 6. T ’f"" 115 |i9Ns5295 4 5p 170 pos
ROTAAYEOTS m!mve" Tin ;n7F,F2§nF % -;:id';slslor 17: 12N5298 27: 709 519-8 pos
oo el arasiank 26 [If740) 2N5298 L 80p o 3
Standard Vi 0nF - Dats + holes 98p 2 e 2.
$IK.2M ot | 220F. 3nF 329,“ 8. 0.1" edge cons 1.20 zzgoz 25p % 1_-2,s :;"
tog 32 | sta 7p | 47nF e | 9. Mixtre el o 28p B P
As abave with ndard Horiz 455 | An Sp [ ING305 .2 - i &
DP switch  80p || e 8 || ) 1ol 45p [12N5308 K =p 1% 40
As above but Thumbwhael or . 2200F 749 S;‘m'wp 21p, | 2N5307 o B8p 2% A
steraa (no "4 " Spindie for OnF 1.10 of 13 sheets; | 2N3250 35p' ['2N5308 90: §5p 145 a2p
switchl _ 90p Standard Pre- ! 37p | 2NS354 7 38p &2p
NICAOTIN setsonly  8p, e e an | eaes L 50p 5 “
1st Class r 358 7! 57
Cerm .| 3:3nF, . 7nF gg’ Glass. For E":'z il % 4p
Corma 20 Turn . P | results than 7 | BUVZ3 40p
gresian posest| zo0vnC e | TV 2e|oova o
3 i3 n {1} .
3?(0{22',(5%0‘(9 - % 78p 15('-)'6910 sided ggg ‘33;42: ;;gg m
G ramic Hi x1 : X ’
ST e | BT (oG a1 & |ooves  im s &
— < . /1KV x 114 1 7
wemgmpen | 000K | 100i2KY 2 | 3 x 220 3% $o fuEA% 2T NKe e
act 13KV ouble '
I — L & To0' 80 " es Erll Bl Mok be
o £EANE | o s A AR w Bl | Wi =
o or | 470p/6KV 233 21 1. 72p 20 | MA e op
Bk sope e | vy 20 | Govaioper for - | 2 ] sy am | NET% e
88k 00 | gt 21ef. vy o oo o | 2noasd 200 ™ | Mevdor  gse )| NKIT) -
| 100nF . 3%F, . 5p | 2N548 15 30p | NKT2
& 2n2/4K 5 88, P
opresE |y 3 ey et il st |t ) e o
semene ] 1%E. 2200 oy o stom 280 | Nam 13 25 )| aF . L | MEwis = NeTRL U
oab AR N e EIE- 1 W Al 1
y - 880D : RESIST PI 170 N4292 5.00 .24 p | MED4S 50
Y 2 e 400V EN N34 2 4gp (|2N5551 1 AF2a0 8 1 45p| NKT4S3
L 1SnF. Polysster | * SParenib i 45 480 | 2N4294 asp |2 37pd A 1.00 P | MEO462 2.40
E12 272 . Capatis 90p || 2N3446 2N4297 e [NoBs0 45| AFLyoe o | m 45p | NKT603F 550
1FG8E top | I S 1| 2BeE ftors | a | Nsas 0931 2nad 25 N6 3%p | AramC ) eI MeEn asp| NKTOE B
Bt ) (CE L =M n ANTEX NI4T 572 | g 02 d9p | 2NS785  80p | ‘AU 3 29 | ME ash | NxTE74F 5
120 emch’ Gels Me_ L5 SOLDERING 2N 248, 6.58 303 40p [|2N6813 'AUT10 g o | MEN7S  asg | MKTENTE S
RONS 8 300 | 2N430a 23p 2.20 p | MEV100 5%
5% 7.5mm 100V il M3512 Maoe  arp [NcBed 7.8 AUN3 230 | BO23B 52p | M 4sp | NKT7IS 4
CAPACITORS | G280 or Equiv 1°"J r o | Bl 4o 2%332; voe | NS o Neos  em scior - ioe | BEIRR 1 BCYE?  6.60 2 MENR  f2 ) NKirsa &
g 3 ac
ORE STz R loaes AN Ol v 2 Mz 2.2 I oneoes 0} BC107B it Beode b sove  4m | BRAE X MEdDT  4gp | NKCT7OE g
JonE-18nr 120 | Redlailong | SSOF. Boment ' {2\a565 200 | SN 16 e 1m scios  10p | BE%0 pIAE (e S MEo | Nk e
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== CRICKLEWOOD — STOCKING PARTS OTHER STORES CANNOT REACH!
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CORTEX WITH OPTIONAL DISC DRIVES FITTED

16 BIT COLOUR COMPUTER

ALL THESE FEATURES PROVIDED AS STANDARDI!

High speed 24K byte extended basic interpreter
Powerful TMS9995 16 bit microprocessor

48 bit floating point gives 11 digit accuracy

High resolution {256 x 192) colour graphics
Memory-mapped video controller for 3D simulation
Independent 16K video RAM

16 colours available on the screen together in
Graphic mode

Fast line drawing and point plotting basic commands
High speed colour shape manipulation from basic
Full textural error messages .
String and Array size limited only by memory size
Real time clock included in basic

Interval timing with 10mS resolution via TIC function
Named load and save of basic or machine code programs
Auto-run available for any program

Powerful machine code monitor

t| Error trapping to a basic routine included
Basic supports Hexadecimal numbers

ULTRA POWERFUL 24K BASIC l------------------
COMMANDS LOG KEY ? RANDOM  SGET I To: Powertran Cybernetics, Portway Industrial Estate,
RUN SaR : ENTER MAG Andover, Hants. SP10 3NM. 0264 64455
SIZE SYS STATEMENTS UNIT LIST TOF
CONT TIC IF BAUD PURGE TON I Please send |18 S SRR C A DI R 3% b4 I 1, Lt e revi oo
MON SQN ELSE CALL NUMBER  DIM

BIT ON DATA Rglél{_M EECV l | enclose a cheque for
S CR8 GOTO READ B E
iléglcnon CRF GOSuUB RESTOR  GRAPH END l Please charge to my Access/Barclay Card no ...........ccooocenveirviivircvennnas
ADR MEM POP RETURN  TEXT BIT
ASC MWD REM STOP PLOT CRB
ATN LEN FOR TIME UNPLOT  CRF l
SIN MCH NEXT WAIT COLOUR  MEM
COS POS ERROR SAVE CHAR MWD I
EXP coL INPUT LOAD SPRITE BASE
FRA MOD PRINT ESCAPE  SHAPE I
INT RND : NOESC SPOT
- i

ELECTRONICS TODAY INTERNATIONAL

COMBINE THEIR TALENTS TO BRING YOU

CORTEX

POWERTRAN
COMPUTING TODAY

SELF-
ASSEMBLY
KIT

£295

+ VAT
CARRIAGE FREE

READY
BUILT

£395

+ VAT
CARRIAGE FREE

~ OPTIONAL EXTRAS
RS232C interface kit ... £9.
Floppy disc interface .... £86.
Pair of 51" disc drives & hardware kit ..£355.
- READY BUILT

CORTEX B — Basic machine + RS232C
£410.00

20
50
00

CORTEX C — As above + disc drives

All items carriage free — prices exclusive of VAT

Assembler & Disassembler

Auto line numbering facility

Full renumber command

Simple but powerful line editor

Buffered i/o allows you to continue executing the
program while still printing

Flexible CALL statement allows linkage to machine
code

routines with upto 12 parameters

Basic programs may contain spaces between keywords
to make programs readable without using more memory
64K RAM using latest technology 64K DRAMS

Over 34K bytes available for basic programs even when
extended basic includes IF-THEN-ELSE

Supports up to 16 output devices

Screen and cassette included as standard
Supports bit manipulation of variables from basic

10
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Nearly 400 pages of all the most useful
components and a whole big new section
devoted to home computers and personal
software. As always the catalogue keeps you
up-to-date with the latest technology — even
our ordinary miniature resistors are now
superb quality 1% tolerance metal film, yet
they're still only 2p each. As well as our usual
quality products at low prices, now we'’re
offering quantity discounts too. So pick up a
copy of our catalogue now — it's the biggest
and the best!

MAPLIN
CATALOGUE,
FOR 1983

BRINGS YOU

RIGHT UP-
TO-DATE IN

ELECTRONICS
& COMPUTING

| BRANCH ALL K 7
[ FROM 1500 =3 OF WHSMTH |
| W9 PRICE £ 1982

[

Send now for an
' application form — then buy
it with MAPCARD.
MAPCARD gives you real
spending power — up to
24 times your monthly

. payments, instantly.

M SmyTy

EXDity Dage NOV 79

Post this coupon now for your copy of our 1983
catalogue, price £1.25 + 25p p&p. If you live outside the i

UK send £1.90 or 10 international Reply Coupons.
| enclose £1.50. I

i Name

...................................... e ewm e e e
\ ETI 1/83
I G O E— G S S S SN S S S S E— —

MIARLIN

ELECTRONIC UPPLIES LTD

P.O. Box 3, Rayleigh, Essex SS6 8LR.

Telephone: Southend (0702) 552911/5541556

Shops at:

169-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926
Lynton Square, Perry Barr, Birmingham. Telephone: {021} 356 7292

284 London Road, Westcliff-on-Sea, Essex. Tel: (0702} 554000
All shops closed Mondays

v,




NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

New Logic
Probes and
Pulsers

Two new products are now
available from the OK
Machine & Tool (UK) Ltd. The
PRB-1 Digital Logic Probe detects
pulses as short as 10 nS, has a fre-
quency response of better than
50MHz and an automatic pulse
stretching to 50 nS but is competi-
tively priced at £33.24. It is com-
patible with RTL, DTL, HTL, TTL,
MOS, CMOS and microprocessor
logic families and also features
120k impedance, power lead
reversal protection and over-

voitage protection to 200V
(+V-V). Supply voltage range is
4-15V but a PA-1 adaptor can be
supplied for use with voltages
from 15-25V,

The PLS-1 for £43.13 is a
pocket-sized, multi-mode, high-
current pulse generator that will
superimpose a dynamic pulse
train (20pps) or a single pulse on-
to the circuit node under test,
without having to unsolder pins
or cut printed circuit traces, even
when these nodes are being
clamped by digital outputs, It can
source or sink sufficient current
to force saturated output tran-
sistors in digital circuits into the
opposite logic state. OK Machine
& Tool (UK) Ltd, Dutton Lane,
Eastleigh, Hants SO5 4AA. Tel:
0703 610944.
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High-Rise
RAM

High speed erasing, writing,
modifying and reading of
non-volatile data is made possible
for software engineers by the
MEMIC model T by Camel Pro-
ducts. Two kilobytes of fast ac-
cess, low power static CMOS
RAM is built into a ‘Tower block’
unit needing no more real estate
than the 24 pin IC socket it plugs
into. Even when plugged into a
ROM socket, the flylead provided
allows write operations.  Hi-K
Lo-K or. 2K operation is switch
selectable. A power down switch
permits months of non-volatility
off NiCd batteries. At £29.95
(incl.) the ready to use unit comes
with clear and easy user notes.
Cambridge Microelectronics Ltd,
1 Milton Road, Cambridge CB4
1UY. Tel: 0223 314814,

| The VDU

DIGEST

Approaching
Platform
6....

asmin Electronics have won im-
portant contracts to supply
ritish Rail (London Midlands
Region) with their new Informa-
tion Display System, which
utilises a new Character
Generator to give the unique
choice of presenting the same in-
formation in up to seven different
formats on television screens —
but only having to generate it
once.
St. Pancras Station (London)
and Preston Station are the first to

T&% Digit

Panel Meter

A new 31 digit DPM recenily
announced by Lascar Elec-
tronics can be operated by 5V
DC, 110-120 V AC or 220-240 V
AC. The meter fits into a standard
DIN cut-out and will replace
many existing types, but offers
improved performance with very
low cost. Standard features in-
clude 0.43” (11mm) high efficien-

¢y LED’s, Auto-zero, Auto-
polarity, bandgap reference,
polarised filter and program-

mable decimal points. The meter

is capable of single ended, ratio-

metric or differential measure-

ments. Although offered in a
_—

order this new model which will
become operational in the new
year. Similar systems are in use
for many applications in the UK
and overseas, particularly at air-
ports. More stations are expected
to adopt this information system
as a key part of London Midland
Regions’ improvements in
passenger information facilities.
The versatility of the design
means that the same basic system
can be very easily adapted to dif-
fering requirements of other. sta-
tions  while still gaining- the
benefits of standardisation. For
each station, an important
feature is the capacity to modify
or extend the system without ma-
jor re-design. Jasmin Electronics
Limited, St. Matthews Way,

Leicester LE1 2AA. Tel: (0533)

standard FSD of 200mV, the
meter can be easily programmed
by the user to read many other
engineering units, such as cur-
rent, resistance, temperature,
etc. Lascar Electronics Limited,
Oakland House, Reeves Way,
South Woodham Ferrers,
Chelmsford, Essex CM3 5XQ. Tel:
Chelmsford (0245) 329797.

Inside-Out TV

Philips’ new CTX small-screen
colour TV, the 14” CT2006,
turns on itself to show what
makes this advanced receiver
tick: a single board with a third

less parts than previous sets.




BK ELECTRONICS

Prompt Deliveries

MULLARD SPEAKER KITS

Purposefully designed 40 watt A.M.S. and 30
watt R.M.S. 8 ohm speaker systems recently

developed by MULLARD'S specialist team in VAT mcluswe
Belgium. Kits comprise Mullard woofer (8" or |

57} with foam surround and aluminium voice coif. pnces
Muflard 3* high power domed tweeter. B.K.E. r "

built and tested crossover based on Mullard Audm Equlpment
circuit, ining low loss glass T E . t
fibre board and recessed loudspeaker terminals.

S BERS SOUNDS AT LOW COST. Kits supplied 1000 MONO DISCO MIXER est Equipmen

in pofystyrene packs complete with instructions.
8” 40W system ~ recommended cabinet size 240
x 216 x 445mm

Price £14.90 each + £2.00 P & P.

A superb fully built and tested mixer/pre-amp with integral power supply. 4 . by
lnputs 2 twrntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with Thandar

override switch, all with individual level controls. Two sets of active tone contrals

o _ i i {bass and treble} for Mic. and main inputs. Master volume control. Monitor output
?603())(V\47;ys;er;95mr;ecommended cabinot size with select switch and volune control. and
Price £13.90 each + £1.50 P8 P. Outputs Main 750 mV Monitor 500 mW into 8 ohms. Supply 220/240V AC50/60Hz . Leader

Size 223" x 43" x 2}
1K.WATT SLIDE DIMMER

‘price £39.99 + £2.50 P&P

Designer approvad flat pack cabinet Kkits,
including grill fabric. Can be finished with iron on
veneer or self adhesive vinyl etc.

8 system cabinet kit £8.00 each + £250 P & P. ® Controis loads up to 1KW
5” system cabinet kit £7.00 each + £2.00P & P. ® Compact size
4% x E; x2%"
16

® Easy snap in fixing through
) panel/ cabinet cut out L a T
STEREO CASSETTE YAPE DECK MODULE. MEMBRANE KEYBOARDS i

Comprising of a top panel and tape mechanism coupled to : IFns:slated plastic |C asg manufactured from a tough poly-
a record/play back printed board assembly. Supplied as uiwavelcontoliusing 8amp  carponate film mounted on Tmm
one unit for hori i ion into cabinet or tnac glass fibre printed circuit board
cansole of own choice. These units are brand new, ready ® Conforms to BS800 assembly incorporating silver plated
buit end)tested. ® Suitable for both resistance  Sa Cusy numeric keyboard

16 way ke
Standard keyboard providing 0-2 |5
and A-F functions. . J——
Size: 100mm x 100mm x 2mm. Price: £6.99 + Fp pép
Alpha Numeric Keyboard Full size 55
key non encoded keyboard with the

Features: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward, play, stop and
eject, Automatic record level control. Main inputs plus
socondary inputs for stereo microphones. Input
Sensitivity: 100mV to 2V. input Impedance: 88K.
Qutput tevel: 400mV to both left and right hand

and inductive loads
Innumerable applications in
industry, the home, and discos/
theatres etc.

>
TYPE 'E

channels. Output [mpedance: 10K. Signal to noise
ratio: 45d8. Wow and flutter: 0.1%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
indivi screened leads, alt with phono plugs
{phono sockets provided). Dimensions: Top panef §}in
X 11%in. Clearsnce required under top panel 2}in.
Supplied complete with circuit diagram and connecting

to 100 watts

6 piano type keys

NEW RANGE QUALITY POWER LOUD-
SPEAKERS {15, 12" and 8'"). These
loudspeakers are ideai for both hi-fi and
disco applications. Boththe 12" and 15"’
units have heavy duty die-cast chassis
and aluminium centre domes. All three
units have white speaker cones and are
fitted with attractive cast aluminium
{ground finish) fixing escutcheons.
Specificat.on and Price: ~

15" 100 watt RM.S. Impedance 8ohm
59 0z. magnet, 2'* aluminium voice coil.
Resonant Frequency 20Hz. Frequency
Response to 2.5KHz. Sensitivity 97dB.
Price £32 each £3.00 Packing and Car-
riage each.

TYPE 'F"

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS95TY

diagram. Attractive black and silver finish.

Price £26.70 + £2.50 pastage and packing.
Supplementary parts for
gasnosformer, bridge rectifier and smoothing capacitor}

18V D.C. power supply

12 100 watt R.M.S. Impedance 8 ohm, 50 0z. magnet. 2' " aluminium voice coil.
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price
£23.70 each. £3.00 Packing and Carriage each.

8" 50 watt R.M.S. tmpedance 8 ohms, 20 oz. 1% aluminium voice coil, Resonant
Frequency 40Hz, Frequency Response to BKHz, Sensitivity $2dB. Also available with
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black
conelgrill £9.50 each. P & P £1.25 each.
PIEZO ELECTRIC TWEETERS - MOTOROLA

Join the Piezo revolution. The low dynamic mass {no voice coil} of a
Piezo tweeter produces an improved transient.response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
{more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPUIED WITH EACH TWEETER.

TYPE "A’ (KSN2036A)} 3" round with protective
wire mesh, ideal for bookshell and medium
sized Hi-fi speakers. Price £3.45 each.

TYPE ‘B’ (KSN1005A) 3% super horn. For
general purpose speakers, disco and P.A.
systems etc. Price £4.35 each.

TYPE "C’' (KSN6016A} 2 ~ 5" wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.45 each.

TYPE ‘D" {KSN1025A12" » 6" wide dispersion
horn. Upper frequency response retained
extending down 10 mid range (2KHz). Suitable
for high quality Hi-fi systems and quality
discos. Price £6.90 each.

TYPE ‘E’ (KSN1038A} 3%~ horn tweeter with
attractive sitver finish trim. Suitable for Hi-fi
monitor systems etc. Price £4.35 each.

TYPE 'F' (KSN1057A} Cased version of type

‘€’ ‘Free standing satellite tweeter. Perfect -

add on tweeter for conventional loudspeaker
systems. Price £10.75 each.
P&P 20p ea. {or SAE for Piezo leaflets).

Price: £11.70 each + 50p P&P
(Any quantity}

BSR P256 TURNTABLE

P256 turntable chassis ® S shaped tone arm
@ Beit driven @ Aluminium platter @
Precision calibrated counter balance ® Anii-
skate {bias device)} ® Damped cueing iever
@ 240 volt AC operation (Hz) @ Cut-out
template supplicd ® Completely manual arm.
This deck has a compietely manual arnmi and is
designed primarily for disco and studio use
where all the advantages of a manual arm are
required.
Price: £28.50 + £2.50 P&P

M POWER AMPLIFIER MODULES

Matching 3-way loudspeakers

‘and crossover

Build a quality 60watt RMS system Sohms
‘Build a quality 60 watt R.M.S. system.
* 10" Woofer 35Hz-4.5KHz

* 3” Tweeter 2.5KHz-19KHz

* 65" Mid Range 600Hz-8KHz

Y 3-way crossover 6dB/oct 1.3 and 6KHz

Recommended Cab-size 26” x 13" x 13"
Fitted witn attractive cast aluminium fixing es
cutcheons and mesh protective grills which are
removable enabling a unique choice of cabinet
styting. Can be mounted direclly on io baffle
with or without conventional speaker fabrics.

commenly required functions in a
Qwerty array. Matrix output viaa 16 pin
DiL sockes.

Size: 350mm x 100mm x 2mm. Price: £13.99 + 80p p&p

100 WATT R.M.S. AND 300 WATT R.M.S.
MODULES

Power Amplifier Modules with integral toroidal
transformer power supply, and heat sink. Supplied
as one complete built and tested unit. Can be firted
i minutes. An LED Vu mster is avaiiable as an
optional extra. .

SPECIFICATION:
Max Output Power: 110 watts R,M.S. {OMP 100}
310 watts R.M,S. (OMP 300)
Loads: Open and short circuit proof. 4-16 ohms.
Frequency Response: 20Hz — 28KHz +3d8,
Sensitivity for Max. Output:
500mV at 10K {OMP 100}
T.H.D.: Less than 0.1%
Supply: 240V 50Kz
Sizes: OMP 100 360 x 115 x 72mm
OMP 300 460 x 153 x 66mm
Prices: OMP 100 £31.50 each + £2.00 P&P
OMP 300 £88.00 each + £3.00 P&P
Vu Meter £6.60 each + 50p PBP

1V at 10K {OMP 300)

Alf three units have aluminium centre domes
and rolled foam surround. Crossover com-

bines spring-loaged loudspeaker terminals and

recessed mounting panet

Price £22.00 per kit + £2.50 postage and pack-

ing. Available separately. prices un request

12 80 watt R.M.S. loudspeaker.

A superb general purpose twin cone ioud-
speaker. 50 oz. magnet. 27 aluminium
voice coil. Roiled surround. Resonant fre-
auency 25Hz. Frequency response to
13KHz. Sensitivity 95dB. Impedance 8ohm.
Attractive blue cone with aluminium
centre dome.

Price £17.99 each + £3.00 P&P.

B.K. ELECTRONICS

% SAE for current lists. % Official orders welcome. % All prices include VAT, % Mail order only. % Allitems packed {where
applicabie) in special energy absorbing PU foam. Callers weicome by prior appointment, please phone 0702-527572.
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

Compact
Speakers with
Sealed Mylar
Diaphragm

N ew from G. English Elec-
tronics is a series of dynamic
mylar audio speakers designed
for use in all types of portable in-
dustrial and domestic receiving or
reproduction  equipment. In-
troduced as the DSH Series, these
highly compact dynamic mylar
speakers are claimed to provide

sound reproduction of excep-
tional quality, combining good
bass response with low distortion
and smooth upper frequencies.
They are designed for use with
amplifiers of 8-ohm to 200-ohm
output impedance, and have an
impedance tolerance of +20%.
Their sensitivity at 1.5mm is
108 dB/mW at 1kHz, and claim-
ed frequency response is 20 Hz to
20 kHz. The rated and maximum
inputs of the DSH Series are
30 mW and 100 mW,
respectively.

An important feature of these
miniature speakers is that they
may be supplied with special
terminations to meet individual
application requirements. This
means that they can be incor-
porated, without modification,
into an extremely wide range of

equipment, typically portable
transceivers, headphones,
domestic and office audio

reproduction systems, etc. Their
dimensions vary according to
their rated output, from 27.1mm
dia.x 14.3mm up to 45.0mm
dia. x8.2mm. G. English Elec-
tronics Ltd, 34 Bowater Road,
Woolwich, London SE18 5TS. Tel:
01 855 0991.

Design
Teaching Aid

he Research Machine 380Z

can now be interfaced to the E
& L Instruments AID-1, Analogue
Interface Designer. Developed by
Imperial College of Science and
Technology with  supporting
educational text written by Ed-
ward James, the system provides
an introduction to A/D and D/A
conversion, and enables the stu-

dent to have an understanding of
the relationship between the
computer and control applica-
tions. The AID-1 is complete with
electric motor, . sensors for
temperature,  position, light
meter digital inputs/outputs with
LED indications. Other interfaces
are aiso available for TRS-80 and
AIM 65. E & L Instruments Ltd,

Whitegate  Industrial  Estate,
Whitegate =~ Road, Wrexham,
Clwyd LL13 8UG. Tel: 0978
263030.

Shorts

® CUB miniature . counters are
now available with a new range
of converter modules that allow
count inputs to be taken from
solenoids,  contactors, logic
sources, and senscrs with triac
outputs. The modules are pro-
tected against dirt, oil, water and
most chemicals by PVC encap-
sulation. Eurovector Ltd, Wessex
House, Silchester Road, Bas-
ingstoke RG26 6PX. Tel: 07356
3693.

® Motorola have announced
several new products including: a
plastic-packaged (70220) 40 A
(RMS) thyristor with 400 A surge
capability; ‘medium’ current (up
to 100 A!) power darlington tran-
sistors capable of switching
25k VA, the M]10040 series; and,
in the next few months, a series of
gate arrays in ECL, ALS and
CMOS. Motorola Ltd, York
House, Empire Way, Middlesex
HA9 OPR.

@ Ross Electronics have launched
a range of micro speakers and
booster amplifiers for personal
stereos. Ross Electronics, 49/53
Pancras Road, London NWI1
208.

® Texas Instruments claim to be
producing the first single-chi
dual peripheral drivers wit
single-saturating transistors
capable of outputting up to
500 mA. Designated the SN75407
(NAND inputs) and the SN75408
(NOR inputs), the 100-off price
will be around 55p. Texas In-
struments Ltd, Manton Lane,
Bedford MK41 7PA.

® Also available from Texas is a
new handbook covering informa-
tion and instruction on micro-
processor systems, called
(original title!) ‘Software
Development’. The book is aimed
at both software learners and
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experienced engineers, and Texas
say that it covers the basic steps in
the software development pro-
cess. It costs £12.90 (plus £1.50
p&p) and is available from Texas
Instrument Ltd, PO Box 50,
Market Harborough, Leicester-
shire.

®Zilog are at it again, this time
with a new data book describing
their full range of microprocessor
products. Available from Zilog
distributors, it costs £3, which
looks like a bargain for 643 pages
of information. Zilog (UK) Ltd,
Zilog House, Moorbridge Road,
Maidenhead, Berks SL6'8PL.

® A little more expensive than the
Zilog book is a new publication
from Granada Publishing Ltd, PO
Box 9, St Albans AL2 2NF, called
the Microprocessor Data Book,
by S A Money. It doesn’t sound
that thick at 288 pages, but
believe us, when it landed on our
desk it nearly carried on going —
it’s in a large format, so it is
heavily laden with facts. If we
ever manage to plough through it
all, we will give you a more con-
sidered opinion on all 1.4kg of it!
@ Bradford & likley Community
College, Great Horton Road,
Bradford, West Yorkshire will be
running a course to prepare for
the morse examination in the
Radio Amateurs ‘A’ Licence. The
one year course will commence
on 12th January, with classes on
Wednesday evenings from 1900
to 2100 hrs. (Note: if other col-
leges are running similar courses,
we and our colleagues on ‘Ham
Radio Today’ would be most in-
terested to hear about them with
a view to publishing details.)

® New products from Raytheon
Semiconductor, Howard Chase,
Pipps Industrial Area, Basildon,
Essex $S14 3DD: a 10-bit 85 nano-
second D to A (that’s fast enough

for a video signal!) called - the
DAC-10; and 16 and 32K PROMs
and SPROMs in 24-pin 0.3”
packages.

@ Ground Control (they really are
called that, we have the letter-
head to prove it), of Alfreda Ave,
Hullbridge, Essex $S5 6LT, are
producing a RAM pack for the
ZX81 that, they claim, eliminates
the disconnection problems that
can occur with other RAM packs.
They claim that you can pick up
your ZX81 and shake it without a
crash occurring. The basic unit
costs £19.95, or £24.95 with an
added keyboard sounder (prices
include VAT and p&p).

'® Looking for a 2A or 6A high-
efficiency diode with a recovery
time of 25 (or 30) nS? Then con-
tact Power Technology Ltd,
Boulton Road, Reading, Berks
RG2 'OLT, because they’'ve just
started selling some devices made
by Varo Semiconductor that may
fl{l the bill.

@ We don’t know what has gone
wrong this month, as we have
heard of only one new multi-
meter being launched — must be
the time of year. This one is from
Keighley Instruments Ltd, 1
Boulton Road, Reading, Berks
RG2 ONL (must be next door to
Power Technology), and it’s call-
ed the 132. It’s unusual in that it’s
a hand-held instrument with true
RMS AC ranges and a tempera-
ture range (somebody at Keithley
must have been reading Tim Orr’s
series on measurement tech-
niques. . . .). )

® A four-wheeled' mctor-driven
chassis that might form the basis
of a small robot (the chassis
measures approx 10” x 6” x 3") is
available for less than £40 from
DR} Electronics, PO Box 394,
London SE6 1TR (catalogue 60p).
@ Ambisonics is not dead, but are

keeping a low profile of late after
all the ‘hype’ several years ago.
Minim Audio, of ient Rise,
Burham, Slough SL1 7NY, are
hoping to their bit to bring it back
to the public eye with their AD2
surround sound decoder module.
The module costs £49.95, and
will, when mounted in a ‘host’
amplifier, decode UMH}-encoded
recordings as well as enhancing
normal stereo recordings.

® The BBC has published its plans
for direct broadcastin by
satellite in a booklet called (wait
for it) ‘Direct Broadcasting by
Satellite — the BBC’s Plans’. A
limited supply of these will bhe
available on a first-come first-
served basis from the Engineering

_Information Department BBC,
' Broadcasting House,

London
WI1A 1AA (large A4 size stamped

- addressed envelope required).

® Connectors’ Corner — we seem
to have more new connectors this
month than anything else. Semi-
conductor Specialists (UK), of
Carroll House, 159 High Street,
Yiewsley, West Drayton, Middle-
sex UB7 7BX have introduced the
‘400’ range of dual-beam
(thought they were 'scopes) DIP
sockets; BFI Electronics Ltd, 516
Walton road, West Molesley, Sur-
rey KT8 OQF have a new snap-in
connector range called the Series
600 that’s already in use in the
French telephone industry; BIiCC-
Vero Connectors, Parr St, St
Helens, Merseyside have in-
troduced the M50 series fixed-
pitch (1.27mm) flat-cable con-
necting systers with a wide range
of different connectors; and final-
ly, Davico Industrial Ltd, Charles
Street, West Bromwich, West
Midlands have issued what they
claim is the definitive catalogue
of electrical terminals, connectors
and cable ties.
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TR-6000
TRANSLATOR
CALCULATOR
6,000 words
and phrases

£29.85

This English-Spanish/Spanish-English translator is
a must for next year's holiday and, naturaily, the
alpha-numeric keyboard doubles as a caiculator to
help you work out your pesetas.

CASIO MAGIC FOR 1933

ELECTRONIC DICTIONARIES — OLE!

TE-2500
DICTIONARY
£3‘9.95

Dictionary mode
1,711 words in both
English and Spanish.

5-language

translation mode

36 basic sentences for

daily conversation in
English, Japanese, Spanish,
French and German.

Backward/forward search buttons with rapid

search.

World time mode Displays ali 24 time zones.

Daily alarm, hourly chimes, calendar, stopwatch.

Surely this amazing piece of science fact must
be the most versatiie watch ever created

BEST SELLING WATCHES
with alarm, hourly chimes and stopwatch

AX-250
£21.50

TS-1000 World's first thermometer watch with high
and low temperature thermo alarms, daily alarm,
stopwatch and world time mode. 100 metre water
resistant resin case.

TS-2000 Non W/R metal version £29.95

AX-250 10 alternative displays. Over 60 functions.

100 metre water resistant
with countdown alarm timer for dinghy racing etc.

W-300
Resin
£17.95

W-450
All §/S§

Two of our most popular watches and rightly so.
One lithium battery lasts 5-7 years.

Latest Models
Ccs-821

Calculator
£24.95

GG-9
Golf Watch

(6.6mm)
calculator watch. One battery lasts 15 months.
GG-9 Golf stroke counter. 9 hole golf game.

CS-SZ] A really beautiful ultra-slim

We stock over 30 Casio watches,
including game, joggers, divers and
ladies modeis
See our catalogue in last month’s ETI, or
send for further copies

Priceincludes VAT and P&P
Send cheques, P.O. or phone your

ACCESS/VISA card number to:
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PRICEBEATERS

We believe we are the ONLY authorised Casio dealer
currently advertising in ETI. Qur prices are the lowest we are

allowed to charge. Although grey imports are NOT
guaranteed by Casio, we will nevertheless BEAT any lower
price AND give you a VALID Casio guarantee. Our
PRICEBEATERS from last month’s ETt are as follows:
Watches

CS-821 £24.95. CA-851 £24.95. AX-250- £21.50

WS-70 £18.95. A-656 £8.50. F-85 £7.25

Calculators

FX-702P Computer £68.95. FX-602F Program £62.50
FP-10 Printer £38. FA-Z interface £18.50

FX-100 College £13.50. FX-7 £9.95

MG-777 £13.50. MG-880 £10.25. MG-888 £10.25

IF YOU SEE A BETTER OFFER
WE WILL BEAT IT!

UNDERSTAND COMPUTERS
,. ““" \

PB-100. LEARN AS YOU GO FOR £69.95
Everyone can join the new world of computers
with this easy-to-understand teaching system.
LEARN with the beginners manual “An easy-to-
follow introduction to the Personal Computer”.
FOLLOW the step by step examples and USE the programs
supplied, or develop your own for business or home,
including exciting games. QWERTY keyboard. Upper/lower
case dot matrix display. Up to 544 program steps/94
memories, expandable to 1,568 steps/222 memories, all
protected. A truly pocketable 9.8 x 165 x 71mm. Weight
116g. 360 hours battery life.

OR-1 1K RAM expansion module. £11.95. FA-3 cassette
interface £22.95.

PORTABLE COMPUTERS

FX-801P

ONLY £349

THE FUTURE
IS HERE TODAY

High speed computer with
integral micro-cassette data
control and hard copy printer
monitoring.

Everything you need, in an area smaller than this page. This
tryly portable SYSTEM needs no peripherals on lengths of
wire. Batteries {ast 250 hours {only dispiay) or 5,000 lines
(display and printing). Typewriter style QWERTY keyboard,
plus all the advanced functions of the FX-702P.

FX-700P
£79.95

size

BASIC programming. QWERTY keyboard. Up to 1,568
program steps, up to 222 memories, up to 10 program
areas,, all protected.

Upper/lower case dot matrix display. Powerful editing
functions. 25 scientific functions. Subroutines. 8 lavels.
FOR/NEXT loops, 4 levels. 9.8 x 168 x 7tmm. Weight
118g. 300 hour battery life approx.

FA-3 cassette interface £22.95. FP-12 printer £49.95.

CHRISTMAS DELIVERY: Orders received by the 18th December will normally be defivered in time for Christmas, subject to availability.

SOUNDS SENSATIONAL

Free vouchers, supplied on request with your order,
may be exchanged for accessories or goods.

DIGITAL SYNTHESISER
CT-1000P

£325
PLUS £45 VOUCHER

10 preset voices and 1,000 switchable sounds, with a
protected memory for your 10 favourites. 5-octave split
keyboard; programmable arpeggio/real time sequencer;
transposition. 4% x 36 x 143 inches. 22.5lbs.

BAR-CODE PROGRAMMABLE
TEACHING KEYBOARDS

5 octave, split keyboard. 20 preset Sounds with variable
vibrato and sustain. Fingered or auto chords with bass and
arpeggio. 16 rhythm accompaniments with fill-in. Two
sound effects. 5 x 372 x 12} inches. Weight 27 .6lbs.

PORTABLE MINI KEYBOARDS
Battery or mains, Mains adaptor optional extra.

MT-70

£199
PLUS £30 VOUCHER

A portable mini keyboard versior: of ths C7-7C1. 4 octave
{not split) keyboard. 10 rhythm accompaniments. Without
the two sound effects, it is otherwise very simitar to the CT-
701. Battery or mains pawered, with optional mains
adaptor. 22 x 25 x 7§ inches. VWeight Elbs.

MT-60. 25 voices, 8 rhythms, Easy-Play auto chords, bass
and arpeggio. With £20 voucher . . . £148

' Dept. ETI, 34 Burleigh Street,
Cambridge CB11DG
Telephone: 0223 312866
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¢ 24 HOUR NORMAL DESPATCH TIME

/ ! ' ® ESTABLISHED 1965
® ALLGOODS GUARANTEED BRAND NEW AND
TO SPECIFICATION
' - © APPOINTED SIEMENS DISTRIBUTORS

Polystyrena, Slemens @
5% Tolerance 160V

5,7, 10,12, 15, 18, 22, 27, 33, 39pF 15p;
7 56 68 82, 100 120 150, 180, 220,
270 330 390,470, 560, ‘680, BZOpF n,
1n2, 1n5, 1n8, 2n2, 2n7, 3n3, 3n9, 4n7,
10p: 5n6, €n8, 8n2, 10n, 13p

Ceramic Very small 1.8, 2.2, 2.7 etc, up to
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; 1n 6p each. 1n5, 2n2, 3n3, 4n7, 608, 5p;
1.Cs — COMPUTER & ANALOGUE CRYSTALS ot 5,20 S
T3S 161 T 74T % a5 {in MHz) 4.433 128 IPn‘ljyestar. SIS(%I\\lons tayer Type 7.5mm
4 1 1 4 4. 1 lead spacin
COMPUTER 7418163 36 7414 29 74180 48 | 4082 1 v I e e A G _915 2 1n, 1np5a 2n92 3n3m 6p: 4n7, 6n8, 8n2, 10n
4 | (M390ON 50 | TBA120AS 62 | 0.100000 453 5.000 157 p: 4
LS 7415164 43 | 7420 15 | 74192 48 | 4093 20 | LM3914N 20¢ | TBAI20U 72} 1 453  5.026 128 | 12n, 15n, 18n, 22n, 33n, 47n, 7p 56n, 68n,
740500 41 | 7419165 B0 7430 4| 74193 48 | 4510 46 | |M3915N 200 | TBA40O 100N | 18432 320 6.000 157 | 7p; B2n, 100n, 9p 120n, 150n, 15p; 180n,
740502 11 | J4LS166 90 7440 14 | 74393 % | 4511 46 55 23 | TBAS00O 75/ 2,000 %8 6144 167 | 220n, 12p; 270n, 330n, 330n, 330n, 470n,
740504 12 | J4L8173 65 7442 2 4511 120 | NESEGA 45 | TBA10S 75 | 24576 268 65536 128 | 15p; 560n, 680n, 24p; 10mm spacing TuF
740505 12 | 248174 45 | 7443 & | CMOS 4516 53 | NESE?’N 104 | TBAS20 75| 3.2768 188 B8.000  1.88 125p: i5mm spacing 2u2 3p: 22.5m
741508 12 74LS175 40 | 7444 60 | 4000 10 | 4618 40 | RC415INB 80 | TBB1458 &2 3.579 128 8.867 128 spacing TuF 400V 50p; 3.33uF 100V 89p. In
7asi0 12 | 48191 2047447 38 | 4001 10 | 4520 60 | SO41E 290 | TBBISEB 40 | 4000 102 10.000 167 | depth stocks.
740511 12 ; 4t§}§§ X thaass 40 | 4002 12 14543 120 | s041P 121 | TCA105 120 [ 4.194 128 18432 188
Al = MNE Bl fime @ em W) G g joum HEPTIOIES o
1
NN 2 |y e |74 14 | 4008 40 | Alabove prices | SBg 1123 | TCA50A 185 | KichWISTORS 2226 13 1000/16 26
740832 14 | JMSZ 517454 141 4009 24 [ a0 NET and | S176B 3100 | TCA205K 200 | P type, Sm 22/63 10 1000/25 36
740537 14 | JALS240 %) 7460 14| 010 24 | showninpence | S187 1328 | TCA35A 66 | go" Mociores S 1%7/63 11 100040 4
740538 * 415241 85 | 7470 24 | 4011 2 $5668 214 | TCA345A 108 { o ggoc; opg, | LOUDSPEAKERS | 4.7/100 14 1000/63 76
7aLSa2 g | 14185242 757472 2 | 4012 B s576A 236 | TCAMSW 177 | 30,22, 47, 100, 6.8/40 10 22006 09
74U547 56 | 2415243 7B 74m 26 | 4013 2 56768 236 | TCA671 131 | 295°“470" ik, 10/6 2200/16 44
74L851 14 | 74LS244 80 7474 2| 4014 % | ANA S576C 236 | TCA780 211 | 215 4k7 10, | t4"dasz 70 |10/25 10 2200025
Taresy 13 | 7e1s2e8 8517475 2| 4015 " LOGUE 55760 225 | TCABT1 1141 554" 47K’ jook | 2i”dia8@ 70 | 10/40 11 220040 73
741874 1g | 7415251 B5 f 7476 30 1 4016 20 | 709¢5 S1469 468 | TCAS55 228 | . oop ®p | 2i"diag4n 70 | 10/63 1 4700/16 72
7as7s 2 | IS8 8 38 = o1z = ;ggg:: g $ABOR00 a2 TCA%gE £ 3 101100 :g 470025 80
AB3209 497 m I
TS ¥ | 7asso 84| 7e82 65 | 4019 % | 74108 57 | SAB3210 311 | TCA971 92 | BmaAwoo y 22/25 1
741585 20 | 74LS266 28 | 7483 38 | 4020 42 | 741C8 18 | SAB3211 168 | TCA991 2 B W Gbepugun % | 22/40 14 TANTALUM
Jiioes 2 | 741273 60| 7485 60 | 4021 40 | 741C14 47 [ sAB3271 329 | TCA991K 100 {3 W B ez & | 22/63 15  BEARS
741592 B | 7418279 40| 7486 20 | 4022 3% | 747C14 65 | SAB4209 497 | TDA2002 120 | Suee 15 180 22/100 16 0.1/35 13
41593 24 | 7418298 2801 7489 159 | 4023 14 | 748C8 3% | sAB8256C TDA2003 128 | 500 2 BN g 0500 500 4773 i 022/35 13
740107  &p | 7418367 341 7490 28 | 4024 32 | 1458C5 (] 35.40 | TDA2030 ¥ [ Fug Uces ® |47/10 1 0.47/35 13
745112 22 | 74Ls368 24 7491 35 | 4025 14 | 1458C14 40 | SAD1024 1550 | TDA40508 144 W ,,'gg,,,,k, ot 47/25 12 1.0/3
7408123 38 | 74LS373 844 7492 2 | 4026 80 | 7106 450N | SAJ131 238 | TDA4290 168 | JAckerucs,skrs UHF 502 47/40 % 22/16 3
7408125 39 | 74LS374 63 7493 25 | 4027 20 | 7107 S0ON | SAJ141 224 | TDA4B00 184 | S00F s i @ LBRZN sy S |47/63 7 22/3 16
7418126 27 7415378 60 | 7494 3® | 4028 39 | 555 23 | SAJ205 810 | TDA4700A 548 | pusticP2 T Wp Mp  UMFIUNF coopiers 47/100 18 4.7/16 16
7aLS132 40 | 79LS393 60| 7495 3 | 4029 4 | 7555 86 | SAS231W 260 | TDA4718A 436 | STFAEO pugs | = |100/3 03 47/3 18
74[5138 28 7986, 40 | 4030 16 | 556 45 | SAS251 142 | TFAI00TW 282 | Sromery m0 50 sSeers “l1wo/0 13 8818 18
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TRON

One of the most imaginative and innovative
films for some time has just been released,

and it uses computers in a way never

seen before. Peter Green has seen the film;

now read the article.

ar above the infinite Sea of Simulation which
Fresembles shifting, multicoloured graph paper, a
jewelled ship flies on butterfly wings down a channel
of pure light. Its path takes it over gridded fields populated
by strange spiderlike creatures and through vast canyons
with faceted, metallic cliffs that pulse with an eerie,

sombre light.
A group of crouching warriors are surrounded by
skeletal ‘blueprints’ which solidify into futuristic

lightcycles and speed forwards toward each other, trailing
impenetrable coloured walls in. their wake. The cycles
snap into right-angled turns, courting collision and slowly
covering the playing area with a complex maze of walls.
Suddenly a warrior miscalculates a turn: he is destroyed in
an explosion of light and his wall disappears with him.

A huge battleship thunders across the landscape, the
ultimate weapon of the tyranny that has taken over this
world. Slowly, along a plane that sweeps over the craft
from front to rear, it fades into a transparent, skeletal
outline that continues on its journey towards a distant
citade! as if nothing had happened.

This is the world of Tron. It is like no film you have
seen before. And it was made as no film has been before
— or will be again.

Game For A Death

Most of the standard subject matter for science fiction
has been done to death — albeit in a pretty spectacular
manner, given the skills of the modern special effects
team. Tron is fresh and different because its director has
combined two modern phenomena that have become big
business: the use of high-res computer graphics for leisure,
in the guise of video games, and the use of high-res
computer graphics as a tool for industry. One forms the
backdrop to the plot for the film, the other the means of its
making. Most of the film takes place in an imaginary world
inside the computer, and all the major actors have two
roles, one on either side of the video screen.

Tron starts in the real world, where Flynn (Jeff Bridges,
playing the sort of laconic rogue | first warmed to in
Thunderbolt and Lightfoot) is running a seedy videogame
arcade, and beating everyone else’s maximum score to

The computer-generated face of the computer.
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boot. Flynn used to be the top programmer at ENCOM, a
communications: conglomerate, until he wrote five crack
videogames. An unscrupulous colleague, Dillinger (David
Warner), steals the games from the company computer,
presents them as his own, and on the strength of their
success gets promoted to Managing Director; Flynn gets
the elbow.

A trifle miffed at this, Flynn spends his evenings on a
home computer terminal upstairs from the arcade, trying
to break into the ENCOM computer and gather evidence
of Dillinger’s dirty work. Unfortunately for Flynn the
whole system is now being run by the artificial intelligence
of Dillinger’s Master Control Program (MCP), which
monitors the intrusion and shuts down all access by group
seven users (Flynn’s security rating). This has the added
bonus to the MCP of preventing Alan Bradley (Bruce
Boxleitner) from completing work on TRON, an
independent security program that would monitor the
ENCOM computer and reveal the embarrassing fact that,
no longer under Dillinger’s control, it is tapping into the
computers of other companies, not to mention the
Pentagon and'the Kremlin (most readers will have spotted
that TRON is the BASIC command for TRace ON}. Other
ENCOM employees to have their work halted are Gibbs
and his assistant Lora (Cindy Morgan), who've been
working on a project to disassemble objects with a laser,
store the information in a computer, then reassemble it
(""Beam me up, Scotty’’).

Alan and Lora guess that Flynn’s been meddling, pay
him a visit, get the whole story and decide to help him.
That night they break into ENCOM; Flynn will forge a new
security access so that Alan can complete his work on
TRON. But Flynn is using Lora’s terminal, right next to the
experimental laser; the MCP fights back by disassembling
Flynn and sucking him inside the computer. Flynn wakes
up in an alternative universe where the inhabitants are
‘Programs’, electronic alter-egos of the ‘Users’ who wrote
them. The cruel tyrant ruling this world is the MCP, aided
by his henchman Sark (Warner again), who flies around in
his giant carrier putting down rebellion. Any program
that’s useful is absorbed by the MCP; the rest are trained as
gladiators and fight on the Game Grid, where videogames
become a life-and-death reality. Flynn is sentenced to fight
until he dies, and finds he needs all his skills to stay alive
against the complex games that he himself has written.

Here Flynn meets Tron (Boxleitner), mightiest of the
warrior programs and still fighting for the Users against the
MCP. Tron is adept in the use of his ‘identity disc’, which
doubles as an information store, and a personal weapon &
la Frisbee. Tron and Flynn manage to escape from the
Game Grid on their lightcycles and being a long journey to
sabotage the MCP. Separated from Flynn by Sark’s tanks,
Tron meets Yori (Morgan again), a simulations program,
who helps him steal her Solar Sailer project. Meanwhile
Flynn has stolen a Recognizer, a vehicle used by Sark’s
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guards. Tron manages to contact Alan Bradley via an
input output tower and his identity disc is coded with the
information required to destroy the MCP. Eventually the
trio meet up again on the home ground of the MCP and
prepare for the final battle that will decide all their fates.

The Pong Plot

As you can see, the plot is innovative to say the least.
So are the techniques used to film it. And the whole thing
is the result of the drive and vision of the director, Steven
Lisberger. | spoke to him during his.recent visit to London
to promote the film and though we started talking about
Tron, he ended up leaping from subject to subject like a
gazelle. For example, if you're planning to play Zaxxon,
the new arcade game that’s been appearing in pubs over
here, be gentle with it — apparently the joystick is badly
designed and machines are breaking down regularly in the
USA.

Lisberger first conceived Tron in 1977 while he was
directing a couple of animated TV specials called
Animalympics: the inspiration was the lowly Pong, father
of arcade games as we know them today. Originally the
film was to have been animated entirely by computer, and
as Lisberger began checking into the techniques he met
many people in the industry who gave him ideas for the
plot. The theme of the parent company ripping off the
inventions of its employees was one, inspired by stories
from people it had actually happened to.

By 1980 Lisberger and his producer, Don Kushner,
had honed the script into its final form and were hawking
it around the  major studies. The screenplay now
contained extensive scenes using live actors and
conventional animation, all of which had to be carefully
combined with the computer-generated footage. Within a
week of being offered the project, Walt Disney
Productions had, in keeping with their tradition of
gambling on the success of some pioneering technique,
expressed an interest and put up $50,000 for test footage.

Lisberger And Chips

The computer-generated sequences in Tron occupy
about 20 minutes of the 75 spent in the fantasy world —
primarily they are scenes involving the lightcycles, the
tanks and Recognizers, the Solar Sailer, Sark’s carrier and
the face of the MCP. Three main companies were involved
in the work: Digital Effects Inc, who did the opening shot
of a man forming out of energy and Flynn’s ‘pet’, Bit; the
Mathematical Applications Group Inc, or MAGI; and
Information International Inc, known as Triple-l or Ili for
short. MAG! and 11l use completely different approaches
to computer image generation and worked on separate
areas of the film. )

The MAGI Synthavision system {you may have seen it
used in the film Demon Seed on TV recently) is unique in
that it uses subroutine programs; a selection of about 50
solid geometric shapes are stored in the computer as
building blocks. To generate the required images, the
basic shapes may be added or subtracted from one
another until the correct result is obtained. For example,
to make the lightcycle you might start with a pair of
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Tron aproaches the platform of the 1/O tower.

spheres and remove cylindrical cores to give the ‘tyre
shapes, then add a smaller central sphere for the hubcap.
MAG! were responsible for the lightcycles, tanks,
Recognizers and so on. The company uses a Perkin Elmer
System 3240 computer for the graphics calculations, using
two megabytes of MOS memory and two 80 megabyte
disc drives. The pictures are actually generated on a
monitor by a second computer, a Celco DFR 4000. As
MAG! are located in New York, all their work for the film
was sent down the telephone lines via modem to the
Disney Studios in California, where the animators studied
the results on their monitors and called back with any
corrections needed.

11l uses a completely different system, in which the
blueprints for the required object are digitized on a 40” by
60" Taylos graphics tablet and fed into a custom-built one-
off computer they call the Foonley F-1. The computer uses
the digital information to define the points of the surface,
which is then coloured and shaded. This method is better
for complex, irregular shapes because it doesn’t rely on
regular-shaped, geometric building blocks. Hence Hl are
responsible for the ‘human’ face of the MCP as it
corlnmunicates with Sark, and also the delicate Solar
Sailer.

Eventually, :when the - scenes have been
choreographed to the satisfaction of the animators (and
using computers means that changes to the action can be
made in-only 20-30 mintues), the images are transferred to
movie film by photographing them frame by frame from
the screen of a high resolution cathode ray tube. The
resulting quality is superb: each frame can contain up to
two million pixels and the resolution of some of the images
is 2000 lines, higher than that of the film stock being used.
So don’t try looking for the little squares, because you
won't see them.

Seeing Things In Black And White

Equal care and quality went into the filming of the live
action scenes, and equally innovative techniques were
used. All the denizens of the computer world wear
costumes with constantly flickering bands:of light — none
of which existed in reality. The actors’ costumes were
white with black patterns and were filmed on black-and-
white film against black backdrops. The film was 70mm —
rare in itself these days — and provided big negatives for
the post-production work. in fact both MAGl and Ili had to
change their equipment to VistaVision. Once the actors
had been filmed, the special effects team made a series of
‘mattes’ and ‘reveals’ for each frame of film. These are
masks and countermasks that allow various sections of
each negative to be lit separately from below by coloured
lights and rephotographed on colour stock to give the
finished film frame. Most frames had to be rephoto-
graphed at least' 12 to 15 times (and some as many as 45
times) to produce the required effects using eye reveals,
face reveals, costume reveals and so on. The live action
was then combined with backgrounds which had been
either computer-generated or drawn by conventional
animators. Of the 1100 special effects shots in Tron, over
700 involve composite shots with actors.
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L-driver Flynn crashes his Recognizer into a bridge — a
remarkable piece of special effects work.

This may seem like a stupendous amount of effort but
the quality of the result is worth it. Normally a film shot
using the conventional ‘blue screen’ matting techniques
gives spaceships and actors with a noticeable line round

them. This is the system where the actors or spacecraft are

filmed against a bright blue background, which can then
be photographically ‘removed’ and replaced with a
different background, such as a star field or planet. Even
Star Wars, which used a greatly improved version of this
technique, had scenes in which it was. possible to ‘see the
join’. Since Tron doesn’t have any mattes in the
conventional sense, there are no matte lines.
Conventional matting will also give errors.in perspective,
since it's almost impossible to merge film of models shot at
different locations and different times and get things dead
right. Tron uses no models: everything exists only in the
computer’s memory and the perspective is always perfect.

One particular scene demonstrates trﬂs well.,
Recognizers are composed of various elemental blocks
and Flynn has stolen a wrecked one by using his User
powers to hold it together. But his steering’s not too good
and the machine hits a bridge, sending the component
blocks twisting and tumbling in all directions. Flynn exerts
his will and .draws them together from their random
trajectories, spinning and rotating back into place with
perfect precision. This scene alone would have taken a
team of conventional animators years to perfect.

The Digital Editor

Even the level of technology used in Tron is only the
beginning. The next step is to scan the live action footage
and digitize it so ‘that it, too, may be completely
manipulated within the computer. The live action can be
coloured, distorted, combined with other objects, again
without matte lines. In effect the computer will become a
digital film printer and the optical printer will become
obsolete. According to Lisberger, this sort of equipment
will arrive in a couple of years — just in time for Tron i,
perhaps?

Looking even further ahead, | asked how soon he
thought it would be before computer graphics could
simulate real scenes, such as the Star Trek episode ““/Court
Martial’” in which a disgruntled crewman fakes the
computer log tape to incriminate Kirk. “/I've seen sample
reels where objects are indistinguishable from photos, but
to simulate :people will take a long time — 10-15 years,”
he estimates.

After Tron, our discussion turned to the videogames
that the film is based on. Lisberger is a videogame buff and
feels that they are a Good Thing for society. ‘“This
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technology is here to stay, and the kids who are playing
these games now will grow up into adults who are familiar
with it. This' has got to be helpful to their development”.
But he's less happy about the way the big money-spinning
games like Space Invaders and Pacman are licenced by
the Japanese, who rake in the millions of dollars of profit
each year. "It doesn’t say much for American enterprise”’
he comments sadly. His opinion of Atari suing left, right
and centre over Pacman copyright infringement is that it’s
a load of b*lI***t, and he feels they’re really just testing
out laws which are too vague. | think the tendency in
future will be towards more lenient copyright laws, but big
companies like Atari will probably still try to bring lawsuits
against smaller companies just to be a nuisance. It's scary
that the threat is more powerful than the law itself.”

Raiders Of The Lost Arcade

| wish I'd said that; but it's what Tron was dubbed in
the USA when it was released. Oddly enough, when [ first
saw the film the only two actors I'd heard of were Bridges
and Warner: since then Bruce Boxleitner and Cindy
Morgan have appeared on the ITV network in a series
called Bring ’Em Back Alive, which is a thinly-disguised
rip-off of Raiders, even down to the theme tune — and
what's more, one of the characters is called Flynn! The
incestuous plagiarism of the US film and TV industry never
ceases o amaze me . . .
. | also spotted a few cinematic references in -Tron,
although Lisberger is as much a film buff as he is a video,
buff and these are obviously a homage to some great

.classics. The most blatent one is Alan Bradley’s poster

reading “GORT KLAATU BARADA NIKTO"”, the famous
line from The Day The Earth Stood Still. Flynn’s journey
across the electronic landscape when he is atomized by
the MCP echoes Bowman’s journey over the weird planet
at the end of 2001, and surely the scene when the Solar

* Sailer escapes from its hanger, pursued by Sark’s giant

warship and watched by the helpless guards on the
ground is straight out of Star Wars? Perhaps I’'m wrong, but
in any case Tron has sufficient action and witty dialogue of
its own. For example, when Dillinger reminds the MCP
that he programmed it, it replies ’/I've gotten 2,415 times
smarter since then’’: though | did cringe a bit when Sark
orders the destruction of an electronic barrier with the
words “Bring up the logic probe!”

Tron is already showing in London and will be on
general release by Christmas. It cost $22 million to make
and has already grossed $30 million in the USA, salvaging
the reputation of Disney which suffered badly from the
appalling Black Hole: a film which Lisberger admits might
make people wary of Tron. Other problems he was
worried about were Britain’s poor cinema audiences —
“Your TV is too good’’ — and the imminent release of ET.
However, there are queues outside the cinema down the
road from us and Tron is already the top film after being
out for a fortnight, so Lisberger's fears are probably
unfounded.

Strangely enough, ET is the sort of film that Disney
themselves might once have made, although Lisberger
isn’t too impressed with it. ““Tron has a moral, that we
have to watch out for big business and guard against its
excesses. | don’t know what sort of message you could
take home from ET, except maybe be kind to your pet”.
I'll buy that; and I’ll also buy a ticket to see Tron, despite
sitting through two press showings already. It's brilliant,
and | thoroughly recommend it. It establishes computers
as a powerful new tool for the cinema industry, and
Lisberger as a major young talent to join the ranks of
Spielberg, Lucas et al.

ETI

END OF LINE.
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30 Solderless
Breadboard
Project — Book

Recommended
BARENEOLD

BRAND NEW

.| VEROBLOC KiTI!

Just published by 8abani, Mr. R.A. Penfolds new book,
‘30 SOLDERLESS BREADBOARD PROJECTS” —
this book features 30 different projects for assembly on
a Verobloc, and the kit ins alf parts vy to
make:
Audio Ampiifiers
Light & Dark Activated Switches & Alarms
Timers
Metroncme
Oscillators & Tone Generators.
Warbling Door Buzzer
Two-Tone Train Horn
Touch Switch
Reaction Game
Sound Activated Switch
Radio Receivers
Fuzz Unit

. + lots moret!
The introduction shows all' the different compdhents
and explains how to use the breadboard. The Verobloc
layout s shown for every project together with the
circuit diagram and an explanation of how it works.
Ideal tor beginners in electronics, but also suitable for
more advanced students,
The kit is d in an ive plastic
case, which can be divided up into 15 compartments in

* which your components may be stored.

Complete Kit, including book, Verobloc & all parts
£24.96: Book only £2.25; Kit without Verobloc £20.45.

. NEW GOODIES JUST ARRIVEDH
C12 BDX8BA Darlington Power TO3 PNP EDY!
60V 12A 117W Hfe 750 @ 6A T5p
C13 Nixie — Siemens ZM1336K. 14mm digit
| height, overall 25mm. Wire ended 50p
€14 8Y212-750 power switching rect, 806V
4A. 4 for £1.50
€15 GRO5R 50V switching rect. 4 for 50p
C1821PT5 50V 20A rect 75p
C17KBLO4 4A 400V bridge 50p
C188S1 1A 100V bridge 5 for £1

LAST MONTHS NEW ITEM
N1 8085A CPU £3.50 s
N2 MC14175 50p
N3 LM3BO 55p
1000uF 16V Ax. 15p
N6 6850 100p
N6 MM5290 50p
N7 MM2114-2 60p
C1 7912CK (TO3 Case} 75p
€2 3.579545MHz Xtal HC6U case 50p
C3 40 DIL LP skts 10/£2 100/£16
C4 25 way screaned cable 7/0.2 50p/metre
C5 Reed switches, 20mm body SP make 20/£3
C6 12V reed relay, SP break 40p
C8 68A00 CPU £1.50
C9 UDN6116A display driver 50p
C10 Speedblock ribbon cable:
10 way 30p/m; 20 way §0p/m; 40 way £1.20/m

10 W AMP PANEL

Neat board 115 x 62mm with Class B output.
Uses 2 x 2N5293, 2 x BFY50, BFX29. Supply
can be either 36V or 18-0-18V Input sensitivity
1V for 10W output. Small H/5 on board: £2.95.
Suitable transformer, bridge rect, smoothing and
o/p capacitor: £5.50. a

Supplied with circuit; connexion data.

‘COMPUTER BATTLESHIPS'
Probably one of the most popular electronic
games on the market. Unfortunately the design
makes it impractcal to test the PCB as a working
model, although it may well function perfectly.
Instead we have tested the sound chip, and sell
the board for its comporent value only {PCB
may be chipped or cracked): SN76477 sound
1C; TMS1000 u-procassor; batt clips, R's, C's
etc. Size 160 x 140mm. Only £1.50.
Instruction book and circuit 30p extra, -

TIL302 7-SEG DISPLAY

Cit 0.27in red common anode. Only 85p

1N4007 1000V 1A RECTS

Motorola bandoliered ~— lowest ever pricel! 100 £2.95;
00 £8.50: 1k £27: 3k £72; 10k

' 5mm RED LED SCOOP

Another company gone bust — to your advantagel!
We've bought all their 5mm red LED's — Gi type
MV5754, and offer them as follows:

25 £1.95: 100 £6.00; 260 £13.50; .
1k £39.50; 5k £186. Add 30% for 2-part clip if required.

LIE DETECTOR

3

Not a toy, this precision instrument was orginally
part of an “Open University” course, used to
measure a change in ernotional balance, or as a lie
detector. Full details of how to use it are given,
and a circuit diagram. Supplied complete with
probas, leads and conductive jelly. Needs 2 41V
batts. Overall size 155 x 100 x 100mm. Only £7.96
~ worth that for the case and meter alone!!

! 19825/ 3 CATALOGUE

igger! Batter!] Buy one!lt

Only 75p inc. post — Look what you get!!
# Vouchers worth §0p
# 1st class replay paid envelope
# Wholesate list for butk buyers
# Bargain List with hundreds of surplus lings
# Huge range af components
# Low, low prices
Sent free to schools, colleges etc.

1000 resistors £2.50

“We've just purchased another 5 million preformed
resistars, and can make a similar offer to that
made two years ago, at the same price!{{K523 -
1000 mixed } and W 6% carbon film resistors,
preformed for PCB matg  Enormous range of
preferred values. 1000 for £2.50; 500 £10; 20k £36

ELECTRO-DIAL

£3.95

Electrical combination lock — for maximum
security — pick proof. 1 million combinationst!
Dial is turned to the night to one number, left to a
second number, then right again to a third
number. Only when this has been completed in
the correct seq will the electri

close. These can be used to operate a relay or
g[goid. Overall dia. 65mm x 60mm deep. Only

PACKS PACKS PACKS

K517 Transistor Pack. 50 assorted full spec
marked plastic devices PNP NPN RF AF. Type
numbers include BC114, 117, 172, 182, 183,
198, 239, 251, 214, 255, 320, BF138, 265, 394,
2ZN3904 etc etc. Retail cost £7 +. Specia! low
price 275p

KB20 Switch Pack. 20 different assorted
switches — rocker, slide, push, rotary, toggie,
micro etc. Amazing value at onty 200p

K622 Copper clad board. All pieces too smail
for our etching kits. Mostly double sided fibre-
glass. 260g (approx 110 sq ins) for 100p

K541 it's back!! Our most popular pack ever
— Vero offcuts. This has been restricted for
some time, but we have now built up a
reasonable stock and can once again offer
100 sq ins of vero coppes clad offcuts, average
size 4 x 3”. OHered at around % the price of a
new board 320p

SOLENOID AND RELAYS

WUY21 Solenoid rated 48V @ 25% duty cycle, but work

: well on 24V 1700gm pull. 10mm travell push or pull

27 x 18 x 15mm S5p

W922 Mains 240V ac solenoid, 10% duty cycle, push

or pult, 16mm travel. 50 x 20 x 16mm. Only £1.50

WB95 9V DC relay 500R SPCO 28 x 24 x 18,

W733 11 pin plug in relay, 240V ac, 3PCO 5A contacts

£2.50. Base 36p

WB38 700R 24V 4PCO_ “contingntal” relay

35 x 30 x 18mm. only 84p. 10/£7.00

WB847 37R 5-10V relay. SP 3A contact, PCB mntg

11 x 33 x 20. 96p 10/£7.50 .

W893 Omron LY4 mains relay, 4PCO 5A contacts
50

£2.

W925 5V DIL reed relay. SP make 75p

W0924 6V reed relay, 500R coil, DP break contacts, 60p
W928 24V Omvon relay type G2L 113P, PCB vert
mntg. 28 x 25 x temm 75p

ALL PRICES INCLUDE VAT; JUST ADD 50p POST

REENWELD

a4a34A Milbrook Road Southampton SO1 OHX

r——
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NEW DESIGNS . .

With the introduction of four new boards PANTECHNIC have pushed forward the

performance and reliability of their powerfet amplifiers. Four key improvements

have been incorporated inthese second genieration modules — -

1.} The use of H-PAK powertfets, resulting in improved thermal efficiency and
consequently enhanced power output capabilities.

2.} Low Cgp drivers now in power transistor packages, maintaining the superb HF
performance and improving driver reliability.

3.) Separate driver and input supply rails alowing a 10% increase in available output
power by increasing output stage efficiency.

4.) Bridge mode input pin allowing instant bridging between any two amplifiers
without the need for extra circuitry.

PFA100 Specification & ' 2

Bandwidth 10Hz-100KHz + 1dB
Output Power into 80 100W {Vs = + 55V}
THO (20Hz-20KHz}  <0.008%
THD {1KHz at 100W) 0.004% typ.
SNR. 12048
Slew rate >30V/us *
Gain x23
Rin 30K
Vs max + 0V
Price

£17.35 (Built & Tested)
£15.17 (Kit)

'PFA100 120W into 80

PFA200 Specification

Bandwidth 10Hz-100KHz + 14B
Qutput power into 80 150W {Vs + 60V}
THD (20Hz-20KHz)  <0.005%

THD {1KHz at 150w} 0.002% typ

SNR

120dB
Slew rate >30 V/uS
Gain x 23
Rin 30K
Vs max + 70V
Price

£23.87 (Built & Tested)
£21.70 (Kiv)

PFA200 180W into 80
300W into 4Q

And for those with a taste of power . . .

PFASB00 Delivers 475W into 4 ohms and 600W into 2chms. These highly current
capable units can deliver 25amps continuous into a load, whilst maintaining the ex-
emplory performances figures of the srnaller units cornennn. £42.00 (built & tested)
PFA/HV A very special module aimed at digital audio and wide dynqmlc range pro-
gramme material. Delivery 300W into 4ochms and Bohms on a continuous basis, it
will peak for musically significant periods of time at up to Sst_ above this. The
PEA/HV is the widect dynamic range power amgplifier currently available ........ £34.30
(built & tested) i .

The Heat Exchanger Other people sell heatsinks. Pantechnic design, manufac-
ture, and sell heatexchangers. Re-examination at the heat transfer process hqs
resulted in a radically new design possessing greatly improved efficiency. The unit
7" x 4* x 2* handles PFAs up to 300W or 1.2KW when Diown ... £7.!

POWER SUPPLY COMPONENTS

Toroidal Mains Transformers

Voltage 1. " 160va 225 VA '} 300 VA 500 VA 625 VA
40-0-40| 980 | 11.20 | 1200 | — B
45-0-45 | —_ 11.20 12.00 15.50 —
50-9-50 - — —_ 186.680 18.156

Special low flux windings. Carriage + VAT included

25A 400PIV Bridge rectifier £2.00 For the PFA/HV 625VA 70/0/70
£18

10,000uF 80V Electrolytics £4.00 . .15
30,000uF 75V Elactrolytics £10.00 10,000uF 100V electrolithic £5.50

“Phone or write for advice on selecting the right components for your
particular application.

Al prices exél. VAT. Carriage 75p. Trade lists avaiiable

Ask about our preamps, protection boards
and active crossovers

THE POWERFET SPECIALISTS

pantechnic

(incorporating J.W.-Rimmer)
Mail order orilv to: : :
Dept ETI' 1 148 Quarry Street, Liverpool L256 6HQ
Telephone: 0561-428 8485
‘Technicalenquiries:
, 367 Green Lanes, London N4 1DY. Tel: 01-800 6667




Modular
Amplifiers|

the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced generation of
modules ever. 3

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with 1LP's tradition of entirely setf-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money,

With over 10 years experience in audio amplifier technology 1LP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES

Module | Output toad DISTORTION Supply Size WT | Price Module | OQutput toad DISTORTION Suppty Size WT | Price
Numbar Power ]impedance| T.H.D. 1.M.D. Voltage mm gms inc. Number | Power | Impedance; T.H.D. I.M.D. Voltage mm gms | ine.
Watts 0 Typat  60Hz/ Typ VAT Watts 0 Typat  60Hz/ Typ VAT
rms 1KHz  7KHz 4:1 rms 1KHz 7KHz 4:1 |
HY30 15 4.8 0.015% <0.008% +18 76 x 68 x 40 240 | £8.40 MOS 128 60 4-8 <0.005% <0.006% 145 120% 73 % 40
HY60 30 4-8 0.015% <0.006% 25 76 x 68 x 40 240 | £9.55 MOS 248 120 4-8 <0.008% <0.006% 55 120x 78 x 80
HYG060| 30 + 30 4.8 0.015% <0.006% +25 120 x 78 x 40 420 | £18.69 MODS 363 180 a <0.005% <0.006% +85 | 120x 78 x 1CC
HY124 60 4 0.01% <0.006% +26 120 x 78 x 40 410 | £20.75
HYi28 60 8 0.01% <0.008% |* +35 120 x 78 x 40 410 | £20.75 Protection®  Able 10 cope with complex loads without the need for very special
HY244 120 4 0.01% <0.006% +35 120 x 78 x 50 520 | £25.47 prolec(ion_c'\rc_uixrv (fuses will suffice].
HY248 | 120 8 001% <0D006% | +50 |120x78x50 | 520 |£26.47 Slewrate.  20v/ps, Rise time: 3us. S/N ratlo: 100db
HY364 180 a D.01%  <0.006% +45 |120x 78x 100 {1030 | F38.41 Frequency response (—3dB): 16Hz — 100KHz, Input sensitivity: 500mV rms
Hv3es | 180 8 0.01% <D.006% | £60 |T20x 78x 100 {1030 |£38.41 Input impedance: 100K £l Damping factor: 100Hz >400.
Protection: Full load tine_ Slaw Rate: 16v/ps. Risetime: Sus. S/N ratio: 100db. ‘NE P ln Entertainm
Frequency response (—3d8) 15Hz — S0KHz. Input sensitivity: 500mV rms. NEW to 1LP’ In Car Entertainments
input Impedance: 100K £1 . Damping factor: 100Hz >400. [s31-]
Mono Power Booster Amplifier to increase the output of your existing car rad:a
PRE-AMP SYSTEMS or cassette player to a nominal 15 watts rms.
Ve t 3
Module |  Modute Functions Current | Price inc. ylessy o .
Number Required VAT Robust construction. £9.14 (inc. VAT)
HY6  {Mono pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 Mounts anywhere in car.
Aux + Vol/Bass/Treble Automatic switch on.
HY66 |Stereo pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 20mA £14.32 N
, Aux + Vol/Bass/Treble/Balance Output power maximum 22w peak’intg L
HY73 | Guitar pre amp | Two Guitar (Bass Lead) and Mic + 20mA £15.36 Frequency response (—3dB) 15Hz to 30KHz, T.H.D. 0.1% at"10w 1K Hz
S/N ratio {DIN AUDIOQ) 80dB, Load Impedance 341
separate Volume Bass Treble + Mix - h
HY78 | Stereo pre amp | As HYEB less tone controls 20mA £14.20 input Sensitivity and impedance (selectable} 700mV rms into 16K £ 3V rms ~:
Size 95 x 48 x 50mm. Welight 256 gms.
Most pre-amp modules can be driven by the PSU driving the main power amp. - - I
A separate PSU 30 is available purely for pre amp modules if required for C1515
£6.47 {inc. VAT). Pre-amp and mixing modules in 18 different variations. Stereo version of C15. £17.19 {inc. VAT}

Please send for details.

Mounting Boards

For ease of construction we recommend the 86 for modules HY6—HY 13 £1.05
{inc. VAT) and the B66 for modules HY66—HY78 £1.29 (inc, VAT).

POWER SUPPLY UNITS (incorporating our own toraidal transformers)

Size 95 x 40 x 80. Weight 410 gms.

Modasi For Use With Price inc. Model For Use With Price inc, Model For Use With Price inc.
Numbar VAT Number VAT Number
PSU 21X [10r 2HY30 £11.83 PSUS2X | 2x HY124 i £17.07 PSU 72X |2 x H¥243
PSU 41X [1or 2HY60, 1 x HY6060, 1 x HY124 | £13.83 PSU 53X | 2 x MDS128 £17.86 PSU 73X | 1 x =384
PSU 42X (1 x HY128 £15.90 PSU 54X | 1 x HY248 £17.66 PSU 74X | 1 x HY358
PSU 43X |1 x MOS128 £16.70 PSU 85X | 1 x MOS248 £19.52 PSU 75X § 2 x MOS248, 1 x MOSGi
PSU 51X |2x HY128, 1 x HYZ44 £17.07 PSU 71X | 2xHY244 £21.756

Please note: X in part no, indicates primary voltage. Please insert 0" in place of
X for 110V, “1" in piace of X for 220V, and "'2"" in place of X for 240V.
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PROFESSIONAL HI-FI THAT
CAN HANDLE... |

Unicase

Over the years 1 LP has been aware of the need for a complete
packaging system for it’s products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of {LP’s modular approach, “open plan’’ construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
”no frills”, low distortion, {<0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator, They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

TO ORDER USING OUR FREEPOST FACILITY
ower aves Fill in the coupon as shown, or write details on a separate sheet of paper,

quoting the name and date of this journal. By sending your order to our

Our power slaves, which have numerous uses i.e. address as shown at the bottom of the page opposite, with FREEPOST
instrument, discotheque, sound reinforcement, feature in clearly shown on the envelope, you need not stamp it. We pay postage for
addition to the hi fi series, front panel input jack, level you. Cheques and money orders must be crossed and made payable to |.L.P.

Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.

control, and a carrying handle. Providing the smallest, please add £1 to TOTAL value of order.

lowest cost, slave on the market in this format.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

UNICASES _ ; ey CIEN N NN BN ENN EEE AN MGN DEN BNN GWE PNN BOW W N
inc.
Post to: ILP Electronics Ltd., Freepost 4, ‘
| HIFI Separates . )E/;;T ' , Graham Beli Houss, Roper Close,
LfC1 Preamp . 95 . l F Canterbury CT2 7EP, Kent, England.
UP1X 30+ 30Wn/4—8ﬂ Bipolar Stereo HhiFi ESA.SS I Telephone: (02227) 54778. l
UP2X B80wW/4 Bipolar Mono HiFi £54,95 Technical: (0227) 64723,
UP3X sow/afl Bipolar Mono HiFi £54.95 ELECTRONICS LTD Telex: 965780. l
UP4X 120W/4 4L Bipolar Mono HiFi £74.95 l d
UP5X 120W/88% Bipolar  Mono  Hifi  £74.95 i Please send me the following 1
UPBX 60W/4-841  MOS Mono  HiFi £64.95 : )
UP7X  120W/4~8Q  MOS  Mono  HiFi  £84.95 Wotal puschaseiprice : = = i
Power Slaves ‘I | enclose ChequeD Postal OrdersD Int. Money OrderD '
us1x 6OW/4 L) Bipolar Power  Slave £59.95 A i 7
us2x 120W/4 L2 Bipalar Power  Slave £79,95 I Please debit my A?cess/BarcIaycard No. )
US3X 60W/4-8L1  MOS Power  Slave £69,96 ! Name l
Usax 120W/4-8£) MOS Power Slave £89.95 e S
3 ress - Q =
Please note X in part number denotes mains volitage. Please insert ‘O’ in place of I I
X for 110V, 'Y in place of X for 220V (Europe), and ‘2" in place of X for 240V
{U.K.) Al units except UC1 incorporate our own toraidal transformers, Signature '
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PROGRAMMABLE

STAGE LIGHTING

Tis the season to be jolly, and put on pantos. And make yourself
a nervous wreck trying to control the stage lighting. This
programmable lighting control unit should solve your problems.
Design by David Colven and lan Cleverley.

s your lighting of Christmas pro-
I ductions a pain? Is your director

always shouting at you in the
lighting gantry about a missing spot,
wrong light level or jerky fades? Do
you need three hands with six fingers
each during complex scene changes?
Worry no more, here is a circuit that
does it all for you.

Over many years of school
productions the authors have come
to the conclusion that a system
capable of remembering scene
changes and fading stage lights at
pre-set rates would be a great boon.
The ‘computer’ we developed even
(eventually) met the exacting
standards of our stage director.

HOW IT WORKS —
_KEYPAD AND BUFFER_

The various output lines are normally
held low by resistors R1-4. When any
numbered key is pressed the strobe line
(KS) is taken hlgh by one of the diodes
D1-8, which triggers monostable IC1a
via Q1 The monostable is necessary to
debounce the keyboard. At the same
time the other diodes in the keypad,
D9-20, encode the numbered key into
parallel binary on lines KDO—2. This
paralle! data is presented to the inputs of
the dual lWO-EIt latches 1C6-9. Each
successive key-press/monostable pulse
clocks on IC2, a 4017 decade counter
whose outputs go high in turn and
provide the latching pulse to the
i egu ired latches. The latching pulses are
fed to IC6-9 via AND gates IC3a-d, 4a,
whose other inputs are taken from the
output of ICla via R5.C3. These
components delay the latching pulse
until IC2’s outputs have had a chance to
settle, avoiding any problems due to

that the first digit of the light number is
temporarily stored in IC8 by the first
key-gress before being transferred into
ICé y the second key-press.

The data must be input in a fixed
order and the contents of the buffer are
decoded and displayed on seven-
segment common ancde displays by
1C10-13.

double latching. One point to note is ||

22

The unit wil

| control up to 16

light channels of up to 2 kilowatts

maximum each.

It can pre-set each

channel to one of 16 different light

TRI-STATE
BUFFER

KEYBOARD

levels and fade each channel up

and down at 32 different speeds.
Up to 99 different scene changes
can be programmed into the unit as

BUFFER

KEYBOARD

MEMORY

DISPLAY

)

MULTIPLEX 1
SWITCH

y

SCENE
NUMBER
swiTeH

-

AUTOFADE
UNIT

AUTOFADE
UNIT

AUTOEADE
Wit

MANUAL MANUAL MANUAL
CONTRO L —eerei] G CONTROL miemmanii} PULSE CONTROL———f 1 oo
BLACKOUT——> .0t A.Emﬁ BLACKOUT mmeiel (i EBATOR BLACKOUT =——3 ceNeRATOR
SPEED UPsanmeais]| SPEED UP ] SPEED UP el
TRIAC UNIT TRIAC UNIT THHE URIT

Fig. T Block diagram of the stage lighting unit. Up to 16 auto-fade/pulse
generator/triac units may be controlled.

I 1 ] o
PB1|0 PBZ|1 PB3l PB4 3 PBS PBS 5 PB7 PBS 7 PBQ[E
Q
OKS
>4 -0 KDO
-3 KD1
’
!:- !:- !L !L O KD2
R1 R2 R3 R4 NOTE:

470R %47% 470R %47“ D1-20 ARE 1N4148

- e O oV

Fig. 2 Circuit diagram of the keypad unit.
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PROJECT

described, but this can easily be
extended by using extra memories
and addressing circuitry to meet any
requirements without theoretical
limit. Eight different light levels have
been found to be quite sufficient for
stage use. and fade times of up to
about one minute are possible.
Longer Tade times can be accom-
piished by programming in multiple
scene changes. Individual blackout,
master blackout, manual operation
and fade speed-up controls are
available.

The Light Fantastic

The light control circuits
themselves are designed in such a
way as to be easily driven from a
microcomputer with two eight-bit
user output ports. We felt, however,

that the expense of a micro-
computer dedicated for some weeks
to this single purpose could not be
justified; in any case, we had
enough hardware problems without
adding software ones as well.

All the lighting changes are
stored in RAM (a 6116 2K x 8 low
power memory) and are stored in
octal. This cuts down on the
complexity and expense of the
circuit and makes the most efficient
use of the store. It is worth it even if
it means spending some time
teaching your director or lighting
man about number bases!

One final virtue of this unit is
that by using external control
voltages, one can produce many
special effects and you could easily
have a 32 kW, 16-channel sound-to-
light unit!

Module Mode

A modular design has been
used for ease of construction and
these modules are housed in two
units. The main control console
contains the memory section,
separate auto-fade units for each
light channel, the phase switching
pulse generators and the power
supply. The front panel controls
include a calculator-sized keypad
for programming the information
and a pair of rotary switches for

.selecting the scene number: the

manual override controls, blackout
and speed-up switches are also
located on this unit.

If a touch of luxury is desired,
there’s no reason why the keypad
and scene select switches shouldn’t
be mounted separately in a small
hand-held unit so that the lights can
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Fig. 3 Circuit diagram of the keyboard buffer and data display circuitry.
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HOW IT WORKS — MAIN MEMORY

Once the data has been latched into the
buffers it is transferred into the main
memory by pressing the ENTER (E) key
on the keypad. This provides the E and E
signals (t¥:e latter being generated by
IC5a). Several things now happen at
once. IC2 is reset to ‘0’ and the output of
IC14 is set to the contents of the first
buffer, 1C6, which contains the light
number. This forms the four least signifi-
cant bits of the address for 1C22, the
memory IC. The seven most significant
address bits are set by the scene address
switches. The monostable IC1b provides
a write pulse to the memory and the
eight data bits from the buffer are
transferred into 1C22 via the tri-state
bidirectional buffers 1C23,24.

When the enter key is released, the
tri-state buffers are set to output data
from the memory to the data bus for the
auto-fade units, and the memory is set
to read. Nothing else is affected.

The multiplexing of the data to the
individual auto-fade units during the
‘replaying’ of the scene information

after programming is carried out by ICs
14-19. A standard clock oscillator form-
ed by IC5b,c and their associated com-
ponents has its output squared up by
IC5d. The signal clocks a }-K flip-flop,
iC20a, and the Q and Q outputs of the
flip-flop are NANDed with the signal to
give alternate clock pulses at PC and DC,
provided SW1 (the scene change switch)
is switched to the clock. If SW1 is earth-
ed then DC remains high. The signal PC
clocks the counter IC14 and causes the
lower four address lines (A0-A3) to rip-
ple through a 16-byte block. These ad-
dress lines are also decoded by IC19 (a
4-t0-16- line decoder) to give a low
voltage on the appropriate output. If
SW1 is in the depressed position then
the DC signal is clocking and the output
of the NOR gate selected by IC19 will go
high, ie one of the latch enables LEO-15
will go high. This causes the data on the
data bus to be laiched into the cor-
responding auto-fade unit.

Data is thus alternately fetched from
the memory and sent to the appropriate

fader unit as long as SW1 is not earthed.
Therefore it is necessary to hold this
switch depressed for at least 16 clock
cycles to effect a transfer of all the data
for one scene change. 2

The higher address lines for the
memory, A4-10, are selected by two
rotary switches, SW2 and SW3. One
switch represents the units and the other
the tens — the scene number may be set
from 0 to 99. The number set is encoded
to binary by the diode matrix and the ap-
propriate bit pairs are summed by ad-
ders 1C25,26.

The circuitry around Q2 is an auto
battery back-up. When the console PSU
is supplying power, Q2 is held on by
R40,41,ZD1, and the chip select pin of

the memory is held low, enabling the

memory. When the console is switched
off, Q2 turns off, the CS pin goes high
and the memory goes to standby modge.
B1 supplies the very small quiescent cur-
rent required by the RAM (via D21), thus
allowing the RAM to retain the data.
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ck-up system so that data is retained without mains power.
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Fig. 5 Circuit diagram of the scene number selector.

be programmed from the
auditorium with the stage in full
view. The advantage of this arrange-
ment is that setting-up can be done
from any part of the theatre without
having to lug round the main
console and all its power cables,
but the hand unit will require a
sizeable length of multiway cable
and with the prices these days we
doubt whether anyone’s budget will
stretch that far.

The second unit cantains the
triac power circuits and can be
permanently wall mounted with a
suitable single-phase mains supply
(up to 140 A may be drawn!). The
pulses from the console are fed to
opto-isolators in this unit and
control the various lights.

The Keypad And Memory
Buffer

This has eight numbered keys
(0-7) plus a data entry key. A three-
bit parallel code is produced along
with a strobe signal. The data from
the keyboard is held in a temporary
buffer store whose contents are
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displayed on seven segment
displays. The channel number to be
programmed takes the first two
keystrokes (any initial zeroes
required must be entered) and
requires four bits (00 to 17 octal).
The next keystroke enters the light
level (0 to 7) and the next two the
fade rate (00 to 37 octal). The light
number will be used as part of a
memory address and the other eight

- bits are the data to be stored.

The Main Memory

When the enter key is pressed
the data held in the buffer is placed
in the main RAM and the buffer is
reset. The eight data bits are stored
in a memory location which
depends on the light number and
the scene number: the latter is set
using a pair of rotary switches. The
memoty is structured in 16 byte
blocks, each block representing one

“stage lighting change. The data for

each light'channel is stored in
numerical order and is recalled in
order before being latched into the
autofade units. This transfer of data

is activated by a single switch,
which is held depressed for 16
cycles of the master clock.

The two 10-pole rotary switches
which comprise the scene number
switch are encoded to binary by
diodes; the units and tens are then
summed to give a seven-bit parallel
address, the most significant bits of
the address.

We've used a 6116 CMOS
memory IC so that the lighting
information may be retained even
when the console is powered down,
When this occurs the 6116 is forced
into its quiescent mode and is
supplied by its own private battery.
The chip is automatically enabled as
soon as the console is turned on
again.

Auto-fade Circuits -

Any number of auto-fade
circuits up to a maximum of 16 may
be connected to the memory
module. The data for each channel
for the current scene is held in an
eight-bit latch/buffer. Three of the
data bits are converted to a voltage
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Fig. 6 Circuit diagram for one of the auto-fade units.

HOW IT WORKS — AUTO-FADE UNIT

The data buffer/latch in each of the
possible 16 auto-fade units consists of
two four-bit D-type bistables, and their
contents control the light channei
behaviour. Three of the bits from 1C31
(those output on pins 16,15 and 10) are
used as inputs to a digital-to-analogue
converter, which gives a voltage level
that controls the final brightness of the
channel. With phase-switching control
this voltage has to increase rapidly at
low lighting |evels, then more slowly and
finally rapidly again. The currents from
PR1-4 are fed into a low value resistor
R62. To accomplish the high brightness
boost, two analogue switches, 1C27a,b,
are used to deliver extra current into this
part of the circuit when the data reads
110 or 111 (e light levels 6 and 7). Table

1 summarises the conversion in order of
increasing brightness.

The analogue voltage generated is
fed to a voltage comparator, 1C29. The
output of this comparator is integrated
by 1C30 and the resulting ramp voltage is
compared with the analogue voltage at
the DAC. The output of the integrator
will ramp up or down until it reaches a
set multiple of the input voltage and
then it will hunt imperceptibly until the
input voltage is changed again.

Five more analogue switches
(IC27¢,d, 1C28a,b,c) are used to control
the ramp rate of the integrator depen-
ding on the data stored in the other five
bits of the buffer/latch. The slowest rate
is produced when all the resistors
R64-69 are in series: this corresponds to

a data input of 00000 octal. As the stored
number increases in magnitude, various
resistors will be shorted by the ap-
propriate analogue switches and the
ramp rate will increase, until for 11111
octal all the switches are closed, all the
resistors are shorted and the maximum
ramp rate is achieved.

PR5 gives a reference voltage for the
integrator so that it will ramp up and
down at the same rate. This voltage will
be approximately 3V7 as the output
from the voltage comparator will be
either about 5 V or about 2V3.

1f a high voltage is applied to the
diodes D67-71, the data in the buffer
will be overridden, all the analogue swit-
ches in the chain will close, and the
ramp rate will increase to maximum.

which is integrated by a second
circuit. The integrator ramps up or
down until it reaches a level set by
the input voltage, at a rate
controlled by the other five bits
stored in the buffer.

The actual work of regulating
the power of the lights is done by
the switching pulse generator: this
works by sending mains-
synchronised pulses to the triac
power unit. The phase control is
accomplished by a standard ‘ramp
and pedestal’ UJT circuit. The ramp
rate is set by the voltage from the
auto-fade circuit and the sooner it
reaches the pedestal trigger voltage
the earlier in the mains half cycle
the triac is triggered and the
brighter the lamp will be.

Instead of using the auto-fade
output voltage, the control for the
pulse generator can come from a
manually operated potentiometer, a

26

blackout control or from an external
sound-to-light or flasher circuit.

Each pulse generator has its own
pedestal zener diode to eliminate
interaction between channels, and
the pulse generators are connected
to the power-controlling triacs by
opto-isolators.

Triac Control Circuit

As mentioned above, opto-
isolators are used for safety (the
prototype has suffered a few
disasters which would have melted
down the whole of the control unit
if these hadn’t been fitted). They
also allow the control unit to be
earthed while the triac trigger pulsé
is referenced to the neutral line.

The opto-isolator transistor
drives a transistor switch and
amplifier that pulses the gate of the
triac negative via a resistor.

Power Supplies

These may seem to be a bit
over-designed but this is necessary.
The first of them supplies the +5V
for the main logic and memory
boards and the autofaders: two
independent 5 V rails are generated
in order to prevent stray pulses on
the auto-fade supply doing horrible
things to the memory.

The second PSU provides the
supply rail for the pulse generator
circuits, together with a totally
unsmoothed output of about
33-36 V which is fed to the zeners
in each pulse generator to produce
the pedestal voltage (which drops to
0V twice each mains cycle). The
input buffer amplifier transistor can
suffer from thermal drift despite the
resistor values around it being
chosen to minimise the problem:
this results in all the light levels
increasing gradually after switch-on.
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Fig. 7 Each auto-fade unit requires one of these pulse generator and triac circuits.

TABLE 1

LEVEL CODE
0 000
1 001
2 010
3 011
4 100
5 101
6 110
7 111

CURRENT SOURCES

PR1

PR1,PR2
PR1,PR3
PR1,PR2,PR3
PR1,PR4
PR1,PR2,PR4
PR1,PR3,PR4,R61

PR1,PR2,PR3,PR4,R61

TYPICAL VOLTAGE
1V75
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2V75
2v85
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Fig. 9 Circuit diagram for the power supplies required by this project.
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To correct this tendency, should it
be present, the output voltage of
the second PSU is made variable so
that compensation may be made for
any residual drift.

The third PSU is located in the
triac power control unit and does
not require regulation. It is capable
of driving all the triac channels and
has its positive rail connected to the
neutral line as a reference for the
triac gate.

Next month we give the
constructional details of the Stage
Light Dimmer.

HOW IT WORKS —
—PULSE GENERATOR —

The input voltage to the pulse generator,
either from the auto-fade unit or the
manual control pot, is amplified and
buffered by Q3. Q4 acts as a constant
current source which charges up
capacitor C9 at a rate that depends on
the input voltage: PR9 and R79 set the
minimum charge rate. The voltage on
the emitter of tﬁe unijunction transistor
Q5 will rise as C1 charges until it reaches
the trigger voltage. The UJT then con-
ducts, discharging C9 through R81 and
the LED in 1C33, the opto-isolator. This
sends a trigger pulse to the triac. As C9 is
discharged at the end of each-half-cycle
(when the b1/b2 voltage falls), this pulse
is synchronised with the mains zero-
crossing ﬂoint. The delay is set by the
rate at which C9 charges and hence the
power level supplied to the lamp is |
varied.

The manual control RV1, working
through D73, will override the auto-fade
unit if the pot voltage is increased above
the auto-fade voltage, allowing special
effects. SW5 switches between auto and
manual modes and SW6 can black out
the channel by pulling the base of Q3 to
earth. All the channels can be blacked
;)ut if the master blackout line is taken
ow.

When the opto-isolator is fired Q6 is
switched off because its base is pulled
negative. This allows Q7 to turn on, giv-
ing a negative voltage pulse via R85 to
the triac gate which turns on the triac (if
| it isn’t already on). The delta capacitor
network C10-12 together with L1 help to
minimise mains-borne interference
caused by switching transients. A 10 A
fuse affords some protection for the
triac in the event of a fault occurring.

ETI

27



Micro Computer

Please phone for availability

BBC Model A £299
BBC Model B £399
{incl VAT) Carr £8/unit

Model A to Model B
upgrade kit £50
Fitting charge £15

ANALOGUE PORT KIT
IC 73, SK6 £7.30

B]BJC}

S

¥

p%‘f;”&“'*wgq

MEMORY UPGRADE
8 x 4816 AP-3 100ns £21.60 .
“F.D. INTERFACE KIT RS423 & VDU Port Kit
IC 7778 £70.00 £10.80
PRINTER & USER PORT KIT
IC 69, 70, 71 PL9, 10 £9.50

01-452 1500 Tecuvomaric Lo 01-450 6597

_Ali mating Connectors with Cables in
stock. Full range of ACORNSOFT,
PROGRAM POWER & BUGBYTE
SOFTWARE AVAILABLE

Phone or send for our BBC leaflet

BBC FLOPPY DISC DRIVES
Single drive 5%" 100K £235 + £6 carr.
Dual drive 5%" 800K £799 + £8 carr.
BBC COMPATIBLE DRIVES
These are drives with TEAC FD50 mechanism
and are complete with power supply
SINGLE: 100K £190; 200K £260; 400K £340
DUAL: 200K £360; 400K £490; 800K £610

Bus & Tube Port Kit £6.50

officiAL 1] (3 DEALER

CASSETTE RECORDER

Ferguson Cassette Recorder
£240 + £1.50 carr.

BMC BM 1401 14" Colou

RGB Input 18MHz Bandwidth

MONITORS
r Monitor ~ MICROVITEC 1431 M/S 14"
Colour Monitor RGB input

® ACORN ATOM @

Basic Built £135 Expanded £175
{carr £3 per unit)
Atom Disc Pack £299 + £6 carr

Bidirectional, Forward and
Reverse Line Feed,

Proportional Spacing, Auto
Underline, Hi-Res and Bloc
Graphics, Greek Char. Set.

Only £320

+ £8 carr.

Full
10”

80 Cols 30 CPS

Now only £175 + £6 carr.
Ask for details on GP 250A

ASCIl e GRAPHICS
Wide paper

Cassete leads £3.50 £240 + £8 carriage £269 + £8 carr. 305V Regulated PSU £26 + £2 carr,
Computer Cassette EO 50 ea. £4 50 fOI’ 10 Hi Res Green Monitor RGB lead for BMC f8 Pho‘ne or send for our BBC Atom
+ £1 carr. Antiglare screen £99 + £6 carr. Composite Videolead £3.50. list.
NEC PC 8023 BE - C PRINTERS EPSONMX 80 aggia’cl) g(s)gc{T 3
Tepes Mo < ; SEIKOSHA GP 100A MX 100 100855 136 cols

Logic Seeking, Bi-
directional, Bit Image
Printing, 9 x 9 Matrix

Auto Underline

MX 80 F/T3 £325
MX 100 F/T3 £430
(£8 Carr/Printer)

Parallel Printer lead for BBC/Atom to most printers £13.50 '
Variety of interfaces, ribbons in stock
2,000 fan fold sheets 893 x 117 £13.60 + £3 p & p

MICRODOCTOR

This is not a logic analyser or
an oscilliscope. It tests a
microsystem and gives a
printed reprint on RAM,
ROM and 1/0 — it will print
memory map, search for
code, check dataline shorts
and operates peripherals
Microdoctor

complete with PSU,
Printer, probe cabie

and two configuration
boards. £295.

sl

RUGBY ATOMIC CLOCK CORMECIORS CONNECTOR SYSTEMS |
This Z80 micro controlied clock/calendsr i Egl ) JUMPER AMPHENOL CONNECTORS | RIBBON
e Lot T e | S BT g, | SR
facilities include 8 independent alarms and for Wgs By e G 1 pin 1au;nmz‘:::':o sin 36'way Solder Socket 14 way Bp
each alarm there is a choice of melody or 10 80p 80p 280p led 145p 166p 240p 380p {centronix type) 550p 16 way 30p
alternatively these can be used for electrical 1 aesesiizee 24e ”"z‘.--m& é-]:v 'n?::;mm" 36 way IDC Plug %g::{ %235

3 e : . 25 175 150p 300 " Sitsos § ix t
switching. A separate timer allows recording o zun: mu: m: 1og gn Zpin Wom 40 o Wav(gz?(;::';;‘ugvpe’ 500p iw:: %ég:
of up to 240 lap times without interrupting W 220p t80p 550 Jos 290p 3Gy 430y E40p (IEEE type) 500p Sowsy  330p
the count. Expansion facilities provided. 50 235 200p 500p 24" Ribbon Cably with D. Conn. 24 way Solder Socket 500p B4 way 370p
See July/August ETI for details. Complete Kit 25 way Male 500p Female 550p 24 way IDC Plug 485p
£120 + £2.00 p& . -

=P R5232 CONNS (25 way D]
24" Single end Male  £5.50 EURD EDGE
24" Single end Female £6.00

MICROTIMER ) D-CONNECTORS 24” Female-Female  £11.00 CONNECTORS | CONNECTORS .
6502 Baseq Prggrammeableclock timer with 9 way 15 way 25 way 37 way 24" Male-Male £10.00 {indirect Edge Conn} 2118 wa BJ n{ﬁs
* 224 switching times/week cycle 24" Male-Female £11.50 DASTD Blug| Skt .02 ! 20 70p
* 24 hour 7 day timer Soder  80p 130p 160p 250p ::::; g: 2 :;gp };gp 1123 ::; Zlg: oe?
+ 4 independent switch outputs directly interfacing to gl 18 FEZmE‘ Hiee L DL HEADERS 416122 ,?;ﬂwa, 250: 31n: ! 2:25way 2250 220p

thyristor/triacs Soder  110p 160p 210p 350p Solsy foged? s 3 way 325p I1sp | idew T8 -
+ 6digit 7 seg. displays to indicate real time, ON/OFF and Reset Angled 175p 240p 310p 500p type ‘V 41612 3x32 way 275p 380p 2243 way 395n 5

o Wod  95p 95p 95p 126p L Apsed J3ziway 0o e mup 3

po 1x32wayCe-c - 52
* Qutput to drive day of week switch and status LEDS. 24 pin 100p 150p “;z ,wga; ,.nyasp:cg, arbor ipc; 5100 Lonn. Eﬂﬂp
Full details on request. Price for kit £67.00 40 pa 2259 |
=

L PLEASE SEND SAE FOR PRICE LIST

SOFTY Il INTELLIGENT PROGRAMMER SPECIAL
The complete micro processor devalopment system for Engineers and Hobbyists. You can OFFER
develop programs, debug, venify and commit 10 EPROMS or use‘in hast computer by using 2114L 80p
softy as a romulatar. Powerful editing facilities permit bytes, blocks of bytes changed, deleted %;g (+5v) %g
or insarted and memory contents can be observed an ardinary TV. Accepts most + Bv Eproms | 4136-2 80p
Softy Il complete with PSU, TV Lead and Romulator lead £169 4164-2 450p
6116P-3 350p
BOOKS (No VAT péip £1) _
CMOS Cook Book
uv ERASERS TRAINER KITS CRT Controller H/Book £595
) f 00 | Programming the Z80 £11.50
uvis upito 6 Eproms  £47.50 6502 Junior Computer % 0 280 Microcomp. handbook £6.96
UVIT with Timer £60.00 | 6802 Nancompl : -

£80.00 Programming the 6502 £10.25
UV140 up to 14 Eproms £61.50 | 8803 Nancomp i 00 | G50 Assy. Lang. £12.10
UVMTwithTimer  £78.00 | 1802 Micro Trainer E64 | g502 Applications £10.20
{Carr £2/eraser} E80 Manta £115 | 6502 Software Design £9.05
All erasers are fitted with Z80 Menta £115 | 6502Games £10.52
mains switches and safety {fully built and documented) 'f-:;?neg e e ooty el

interlocks Full details on request stock. As for our list.

i
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: ——— -
74LS247 SOpiMM : :
40 | 7ats2e8  s5pl 40205 ‘COMPUTER COMPONENTS
sop | 745249 8Bp| 4018 LM358P  60p | PLLO2A  500p M 3
sop | 74L5251  3%p; 4019 P 60p 2732(350ns) 7509172 10p | EMHzUE BP0
: 7 450p
smp | 74LS253  35pi 4020 STl isa p | 8726 120p | 8MHzU
o | 7452857 30p] 402) 2250 TV L1 | TMs2716 750 | 8T28  120p
3 740258 35p| 4022 g8795/95  90p
b | 74(S250  S5p| 4023 £16 280P10  250P 8197/38  %0p
J5p | JalSoe  20p| a2s SAD1024A Z80AP10  280p BiLaeran 90p | 32768KHz 100p
ng 745264 138p| 4025 5 2255 | z8ocTC - 250p | KRUCINTEIR | a10So7/08 op | 100HKz - 250p
100 | 7415266  20p| 4026 FF9634  800p | fono 260p | 280ACTC  280p 9602 220p | 200HKz  280p
0op | 745273 60p | 4027 $L490 350p 5803 850p ZBOADART 700p CRTB54E  900p 9637AP  160p Fraqin MHz
40 | 343575 225pl 4028 SN76131 125p | gopos g9 | 280ADMA  £10 | SATS027 £18) SQnes 3sop | 10 290p
a0 i 7418273 30p| 4029 SN78477 6809E 51 | zeosiorse s | SATS03 - £181 S\ io6ee 3sop | 1008 275p
18P 1 7asasc  100p SN76488 450p | gp3s 350p EF9365/6  €45| 7n157E8 6oop | 15 450p
%% | 74583 aop| 4031 B SNB7483  400p | coag 3000 MC6845  850p | Snaope g soop | 18432 210p
g0 | 7405290  a8p | 4032 CAA3028A SN76495 4000 | gana 280 | 2101.4A 400p | o pies 02 - 2.00 25p
Toop | 7415203 dop 4033 120 ggggfg" ;x B0S5A  350p | 2102.3L 1208 ?:AFSQE?;}?; Jeodl oisc controw 20 I
150p | 76L5295  90p| 4035 CA3019 8 INSB060 €11 | 21078~ s00m | Tmsaszy cra | NG | 3 p
e | Tasier sote | o TN oo pucsmer oo owia G| s @0l oy o 2 15
300 . 745208 180p | 4038 TA7204  200p | 75 24 %7]2-;_ §|4°°P TMS9929  £20| pp1791  £22 | 35795 . 100p
30p | 7415323 100p | 402 TAT208 B0 | Zm0 B0 | 17" doop FOI783  £23) 3886 300p
2% 1000 © 748322 150p | 4040 TA7222  150p | Za0n  wgn | 2047 o FD1785  £28 | 400 150p
8p 750 | 74 a0p | 4041 Tarsto 1500 d027.3  300p FD7S7 28| 414 2%
8 4 4042 8271 £36 | 4- p
b4 ash | JaLsase &P | 023 300p &5 | apscac) 77 |woresr €15 4603 20p
i8p 7418356 250p | 4044 g ™ 4 a50p | Amsesio 3;;; w23 ss0p | (18 I50P
Qi 74LS SERIES 7415363 140p | 4043 P oevices . REITYE SN - p
B s 1ip| 7415364 1aop | 4046 800 | S e0p | 4816AP23 2700 | v 1oe | JRTRSGA | &5 150p
gg c2lS31  11p| 74LS365  27p 382{73 123; 3245 a50p | 5101 300p m%gg; :g GENERATORS ?(’)“4 :553‘;
£ gm Dbl @)L B 55 R SR, mn) MR v T
2 S 1Zp| 74IS368  27p | Ao Zo0 |65 Ba0p | 116P3 750p | DACK) £28 [FOSZSIALC 7000 L4
sap 74S05  12p| 745374  56p | 4082 TCA210  350p | 6532 5500 | 651445 200p | DM8131  378p | leoRs 1000  175p
00 741806 12p| 7415375 45p | 453 1Ca220 350p | 6351 650p | 8810 120p | DPB304  460p |MC 750D 105 250p
70p LS07 12p | 7415377  80p { apsa TCA270 350p | 6821 100p | 7489 210p | DS3691 400p [DM86564  £12 107 150p
e, 72L508 12p | 7415378 60p | 4055 TCA940 175p | 68821  220p | 745189 225p | DSB830  140p 12.00 150p
50p | 741309 12p| 74LS3%0  48p | 4056 TCA365 120p | 8829  £1250 | 745201 350p | DSBB31 140D | pus T | 14318 175p
50p | 74510 12p | 741S393  45p | 4059 TDAI004A £3 375p | 745289 175p | DS8832  250p | § mcg,‘,‘m 14756 250p
3gp |[74LS11  13p| 74LS3%5  90p | 4060 TDA1008 320p | 68B40  600p | 93415  600p | DS8833  225p | PR o | 1200 200p
asp | 74512 12p | 74US393 160p | 2063 TDA1010 200p | 8850 1M0p { 93405 600p | DSEB36  150p | AYG2376 700p | 1600  200p
16p | 74L513  15p | 74LS445 100p | 4066 TDA1022 68850  220p DSEs38  226p | 74C922  420p | 18.00 200p
15p | 740514  25p! 7415467  90p | 4067 6852 250p

20 [ RomsieRoMs |
ROMs/PROMs BIEFSTcrI 0 4C923N 500 18.432 15
ToA1024 ;OOp 6854 Joop MC1208 55 | gaC9Z3NB00P | 595 1533

15p | 741520  12p | 74LS540 90 68854  800p | /45188  325p | MC1489 BAUD RATE RIPYEN 200

12p | 7a0sey 13| 74iS541 806 | soy TDA2003  32% | gg75 S570p | 745287  350p | mC3418 ssgg GENERATORS SIETY TS
30p | 740522  i2p | 74LS610  £19 | 4071 Tbazo02v 53 | 8154 950p | 745288 225p | MC3446  300p | pctadtt e7Bp | 27145 200P
25p | 740526 12p| 74LS624 90 | 4072 TDA2006 350p | 8155~ 350p | 745387 325p | MC3480 850 | dGMs1te 700p | 386667 1750
25p | 741527  13p| 74LS628  90p | 4073 TDA2020 320p | 8156 350p | 745471  650p | MC3486 5000 | 47028 75°°"0p 280 175p
18p | 740S28 1ap ! 74L5640 100p | 4075 TLos4 100p | 8206 225p | 745473 650p | MC3487  300p 55.5 p
2p | 741S30  12p| 74L5641 100p | 4076 TLo71/81  2p | 8212 110p | 745474 850p | MCA024  325p | RREVIER 116

25p | 741532 13p | 7415643 100p | 4077 TL072/82 45p | 8216 100p | 745570  650p | MCA0Ad  325p S 145.80  250p
48p | 741533 p.| 7408644 100p | 4078 TLO74 100p | 8224 110p | 745571  650p | MC14411 675p | AY-3-1015P 15.068 £2.
120p | 74(837 14p | P | 4081 TL083 75p | 8226 250p | 748573  950p | MC14412 750p 124.00 £2
66p | 7aLS38  15p | /4LS645 100p | o, T0B4  90p |8228  220p 75107 90p | AY-51013P
380 | 740580 12p | J4LSEEE 120P | 4007 80p|TLOSS  200p | 8243 280p 75110112 160p dils

65p | 741542 30p 7415669 120p 2089 40p | TL170 50p | 8250 B50p [ TV P98 | 75114/15  180p | COMBO17 300p | 4way 70p
B0p | 7alS47  3gp | 741670 MOp ) 45 TL430C  70p | 825) 250p 7121722 1400 | MBap?  a50p | Eway 85
60p | 74,548 45p 745878 550p 4004 UA1003-3 8253 390p | 2516(+6vi250p | 76150P  120p | TR1602 300p | Bway

180 | 740551  14p | 7419682 400p o0 935p | 8255 250p | 2532 370p | 75154  140p 10way  145p
170p | 741884 14p | 74LSE84  400p | 500 UA2240  150p | B256 £36 | 2564 12 | 75182 90p 2ZIF SKT$ l

20p | 74 855 14p | 74LS637 400p | 4097 UAA170  170p | 8257 2708 75324 375p B |

400p 250p
ULN2003A 75p | 8259 aocgp 2716{ +5v) 250p | 75361 150p | (TEXT TOOL)

350 | 740563  120p | 74LS85  40p | 4098

25p | 741873 1 74LS147 100 ULN2004  75p | 8271 6 | 2732 (350ns) £6 | 78363 150

24p | 741574 12§ 4 3| 225 OINZ0SB 230p | 878 4dop | 2716035008 | Joaes  ton | o mm MMS8174 700p

3P [ 7as78 1 ULN280? 200p (8284  350p 500p | 75151/2  66p | 40 £10 | MSMB832 700p
6p 4501 D | 40pn

3p | 740876 17p | /420 P | 4502 s0p | ULN2804 150p | 8288 £11 {2764 £1 | 75453/4 72 MK3805 £TBA

40p | 74583 36p | 74502 30p | 4503 NES534P UPCS?5  275p

7a.S85  a8p | 74804 30p | 4504 B5P | NESS34AP 120p | UPCES2H  200p LOW PROFILE SOCKETS BY Tl WIRE WRAP SOCKETS BY TI

80p 74505 60; q - UPCI156H €3

s 2l ik | [STEIRIENG et 2 B e wen S| S 2 R B A B
| xi in i in

30p | 74LS91  66p | 74510 40p | 4507 $ i e 357755‘;, 16hin 115 22hn 226 40bin %o | i6bin 40n 220n 68y 40pin 1008

741! XR2216 675
170p 74L§gg %; ;ﬁggg ggp bl 5V 7805 40p 7905 4Sp| XR2240 120’; BD235 8p | MPSAI3  40p | 2N2219A 26p | 25C2335 200p | 0A400V  200p
50p | 94 50p | 74530 MP 4512 &V 7806 40p 7906 45p| ZN4a14 S0p | BD241 60p | MPSUOS  63p | 2N2222A  26p | 2SC2612 200p | 25A400V  400p
80p 74LS107  20p | 74532 703 4514 av 7808 40p 7908 45p| ZN419C  180p | BD242 60p | MPSUO?  60p | 2N2363A 17p | 3N128  120p

12V 7812 40p 7912 45p| ZN423E  130p | BD379 60p | MPSU45 90p | 2N2484  25p | 3N140  120p
15V 7815 40p 7915 45p, ZNA24E  130p | BD3BO 60p | MPSUSS  78p | 2N2646  40p | 3N141 110p
18V 7818 40p 7918 45p| ZN425E 350p BOD677 40p | TI>20A 35p | 2N2904/5 25p | 3N201 110p T
24V 7824 40p 7924 45p| ZNAZ6E  300p | BF244B  38p | TIS25C  40p | 2N2906A  25p | 3N204  200p | 2.7V-33V
SV 100mA 78L05 30p 79105 60pi ZN427E  590p | BF256B  50p | TIP30A 35p | 2N2907A  26p | 40290 ~ 250p | A00MW Sp
6V100mA 78L06 30p ZN428E  a10p | BF267/8  32p | TIP30C agp | 2N2926 9p | 40361/2  75p | W 15p
8vV100mA 78L08 30p ZN1034E  200p | BF337 30p [ TIP31A  40p | 2N3053  28p | 40408 S0p
12V100mA 78012 30p 79L12 60p| ZN1040E 670p | BFR39 25p | TIP31C 4sp | 2N3054  55p | 40409 100p
15V100mA 78L15 30p 79L15 €0p| ZNA134 230p | BFR40/1  25p | TIP32A  40p | 2N3055 35 | 40410 100p m

ZNAZ34  850p | BFR79 25p | TIP32C 40; 2N3442  140p | 40594 120p
OTHER REGULATORS *| BFR80/1 25p | TIP33A 70: 2N3553  240p | 40595 120p

200p | 74LS136  25p | 745138 120p | 4536 LM308K 1A5V 140p 78HGKC 600p BrRse  180p | TR 80p | MRS e Yan 08732 1005 | oA aov 7o

WEsE FASE ub G m RS simtc Be mm o hs e &
‘ °

%o | 7alS1as 70 | Ja21e fgg: 4543 (M337T 2256 790UIC 2260 | Wbabutidl | 8FX84/5  40p | TIP3SA  120p | 2N3704/5 10p 8A 400V 75p

(M323K 3A 5V 450p 79HGKC 700p | AD161/2  45p | BFXBS/7  27p | TIP35C  140p 2N3706/7 10p |
LM723150mAAdipICL7660 zoog BC107/8  13p | BFX88 27p | TIP36A  140p | 2N3708/8 10p
p LM305AH250p| BCI0SC  14p [ BFXES ~ 108p | TIP36C  150p 2N3773 200p | gy1p7 05p

Boop | BE117 20p | BFY51/2  24p | TIP41A 50p | 2N3B19  20p | gyx36300 20p | 1BA40OV  110p

g%
B
5

75p
40p
6p 7418153  40p 4557 TL4g4 300p 78H12 P
7405154  80p | 748134  320p 524 BC147/8  9p | BFYS6 33p | TIPAIC  65p | 2N3820  40p | pag7 8n | 16A500V  130p
Son |7alsies  30p 1745195 S00p | Gete ) S Qp 53826 30| geige " jp BEYS  B0p | TaZA  e0p | 2N3E23 o
74L8156  36p | 745225  510p | 456 2 ul BC157/8  10p gg)vgg/zo 45p | TIP42C  65p §ﬁ§§§2
p |7al51r Zop | 74821 300 | s el orvociecTroncs BClae  MRIBdNT 2 I Thhe S | 2asos
40p |74(S180  36p | 745251 250p | 4 2N§777  40p TIL78 ssp| BC172  12p | BUI0S  1%0p | TiP121  75p | 2N3008
40 B/ oo 2% ] e P| pCi77/8 17p | BUI08  250p | TIP122 2N4037
p | 74LS181  36p | 745257 250p | 4584 40p | OCP71  180p TIL3IA  120p ot P | Boioe zggp o | 2 4123/4
40p | 7415162  36p 745268 250p | 4585 75p | ORP12  120p TIL32 55p ngg/ ]gv ey laon p;h‘g 1200 | S e
40p [74LS163  36p | 745260  70p | 40014 40p | ORPBO  120p TIL8! 90p CM3 P BU180A 13013 1P1 120p IN4401/3
@ |7aiSis  sop | j45261 300p sop | ORPST T2 TWI00 7% | BT 3P BUxs  doop | mwaoss 7op | 24427
G Kottt SR RECP S D AR MY OPTO ISOLATORS BC212/3  11p |BU08  200p | TISa3 . 30p | 2N4871
150p | 74L9168  Bep (745373 a400p | 40102 140p e BC214 ~  12p |BU40S  MBp | ZTX108  12p | 2NSO87
1200 | 74(S189 en | 745374 400p 40103 170p | yp74  130p TILIN 70p | BC237 15p | BUXBO  600p | ZTXa00 13p | 2N5089
p | 7408170 P |74s3e7  z50p | 30105 10p | mCTZ6  100p TIL1T2 70p | ge327 18p | BUYESC 350p | Z7TX452  asp | 2NBI72
P | 745471 e50p | 30108 40p | MCS2400- 190p TIL113 70p E 2N5191
50p |74LS173  55p 547 P BC337 16p | E310 50p | ZTX500  15p
55p 743474  ao0p | 49109 100p | i074 240p TIL116 70p | 5¢338 16p | MJB02  4oop | ZTX502  1ep | 2N5248
sop | sarsine ﬁg i 20010 zg MOC3020 150p - BC461  25p |Muzs01  225p | ZIXS04  gp | 2NS401
40p 900p [ LEDS S BCA77/8  30p | MJ2355  90p | ZIX652 65p | 2NS4
45p ;ﬁg; %p 4000 CMOS ?gg TiL220Red 10p | BC516/7  40p | MJ3001  225p | ZTX652  60p iz’k“gjgg
700 | 7415190 1 755 | 0125 TW222Gr 12p | BCS47B  14p | MJ4S02  400p | ZTX752  F0p | ZR2EE0 o PCB MOUNYING
700 | 9413191 0p 1600 | TIL209Red 10p TiL228Ye 16p | BCS48C  12p | MJEIA0  60p | VNSSAF  72p | S\ P A sov 18 RELAYS
2408192 10p lsob | TI211Gr 120 Rectangular BC549C  16p | MJE2955 100p | VNTOKM  60p | 5 0nc) 1A 100V 208
M5p | 473103 12p P | Ti212vel 15p LEDs(RGY) 30p | BCSS7B  14p | MJE3305  70p | VNGE 80p 1A 400v 28n | BoriavDC
60, 80p 2N6059 p |
P | 74081 3% BCS5SC  16p | MPFI02  40p [ 2N697  25p | 20759 1A 600V 30p | GOl SPDT2A
Sop | 74Ls1e % o) Diseiavs SISt ol A N R T 2a sy 30p | ZIOF o 1P
’ TiL312/3 110 22p 105 30p or
azop | 743106 24p 2000\ DLy04  140p TiCazs/3 10p | BD131  T5p | MPSAOS  30p | 2N708  30p | 2N6ZS% 25 sy 32| ColopoTEA
2500 | 248251 24p DL707Red 140p T)(330  140p i BD132 50p | MPSAT2  50p | 2N918 45p | 509306 3a 200V eop | 24VDC
45p 11p FND357 120 7750/60 200p | BD135/6 MPSA13  50p | 2N930  18p 240VAC_ 200p
4 (3 251307 3A 800V 72p
4sp 16p FNDSOO  90p Bargraph 226p | BD139 40p | MPSA20  50p | 2N1131/2 36p | 55¢4987 4A 100V 95p | Bor12vDC
45p 20p FNDS0?  90p ‘gyverwrryy | BD140  40p | MPSAQ2  50p | 2N1E13 25 | 55C1969 2A 400V 10on | CoOISPDT10A
asp 48p MAN3640 200p BD189 60p | MPSA43  50p | 2N1711  28p | 53Ca00n en 50V 80p| 24VDC
40p 40p MAN4640 200p 9368 250p | BD232 60p | MPSAS8  32p | 2N2102 70 240VAC 225
P ! '25C2029 e p
BoE 32}: ZN1040 * 670p | NSBEEBT 570p 9370 80233 75p | MPSAT0 2N2160  350p | 282078

N, ' PLEASE ADD 40p p&p & 15% VAT
TecaNomaTic Lo - LEASEADD Ao ps &1y

MAIL ORDERS TO: 17 BURNLEY ROAD; LONDONN Orders from Government Depts. & Colleges etc. welcome.

17 BURNLEY ROAD, LONDONNWI10
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)
305 EDGWARE ROAD, LONDON W2

Detailed Price List on request.
Stock items are normally by refurn of post.
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MIDWICH COMPUTER COMPANY LIMITED

FAST EX-STOCK DELIVERY OF MICROCOMPUTER COMPONENTS AT UNBEATABLE PRICES

MIBWICH NOW APPOINTED OFFICIAL ACORN e giers 8 , (¢ msurrs o
4116 200 D’
2114 Low Pover 4118 %gons h ME“HY GHHISTMAS = MEMORI
BBC MICRO DEALER i 0go | 4118180 o A HAPPY NEW e ES nmnw
4 . i
ACORN ATOM UPGRADES nF s 2715 458,’12 278 | 4164 2000s NEC 399 , AND ' 2708 1.10
Description. . price gy, 2 Ast6uge 1000 oXBe YEAR TO ALLOUR . e 11
Aot ck (AW 200 250ACPU ass IS ase | 55162508 a3a CUSTOMERS A1 o 140
e el e 1 R ~las o
3 ¥ i 595 5 X
Lo n. B LE o732 3s0ns 44 575 | pevice price | Device pice | 4116 1.10
.95 4154(11) bl 27324500 299 32 012 | BIL sockets fow 4118 090
BBC Microcomputer Upgrades 2732 450ns FL B 5532 450ns 298 * SPECIAL LOW a3 214 | protile 4164 (T) 180
“Memory Uporade (BBCT) 2150 AU Sl 2564450ns 999 | . PRICES FOR 37 012 | ‘bos Tin God WiW 4164 NEC 1.00
P it everice i D0S (483 700 AL B WTTERe o | & 1z ® | 2R it
*F.Disc interface inc . 3 H
“Arelooue out i (BBCA) 810 | pevie Price | Device Price | Device Price | 42 o7 | 3 3™ B
Serial 1/0 & RGB kit (BBCSE)B . lgﬁg 780 EAMILY AY5-1013 299 | 4023 015 | 47 034 | 15 13 33 52 gg E%mv nm:} -
-Expansion bus  ube ki (EBC6) 280¢PU 285 | AY5:3600 795 | 4024 031 | 48 045 | oy 14 35 60 0 850
Prnter cable inc Amphenol plug Z80ACPU, 345 DP8304 450 4035 0.16 49 0560 22 17 4B 170 .
{rot assembled) (BBC21) 1300 Z80€TC 264 | Mcigs 055 | 4026 120 | s 014 | 21 1942 70 7B0ADART 0.80
 User port connectar & cable (BBC22) 2.00 Z80ACTC 205 | MC1488 055 | 4027 023 | 54 004 | 23 25 54 80 Z80ADMA 1.10
+ Analogue nput plut & cover (BBCM‘) ﬁ%g ZB0ADART 570 MC2446 265 | 4028 840 .| 55 0.15 0 29 81 88 780PI0 690
*5 pin DIN plug for seriahint {BBC111) | ZB0ADMA 11.95 MC3448A 425 | 4031 1 69 73 0.18 Z804SI0 206
*6 pin DIN plug for RGB int (BBC108) 0.60 Z80P1D 275 MC3480 795 | 4033 164 74 0.18 it JUMPERS MK3886 8.75
*7 pin DIN plug for cassett {BBC141) gg Z804P10 285 MC3487 295 | 4034 1.80 75 0.19 Single ended 24" IRTEIRGR
*Connector for bus & cable (BBCE6) - 7B0AS10-0 1199 MC14411 694 | 4035 094 76 0.17 14 PIN 1.40 8500
:Single disc dive {ID0K) (BBC31) 25000 | Zopsio1 1199 | MCi44l2 799 | 4040 049 | 78 824 | 16pn g0 | 602 80
" Dual disc drves (BBC37) Sa 0. | moasioz 1199 | RO3ZSI3L 688 | 4041 077 | 83 934 | 21 piN 235 | 6520 085
Teletext Receiver (200K) (BBC71) 1443477 | Mi836 1100 | RO3-25130 689 | 4042 044 | 85 847 | 40PN 3% | 6522 260
Prestel receiver (BBC72) 80.00% | yicegg-4 1447 | 6402 425 | 4043 06s | 86 15 | o Ended 6 6532 10
*Games Paddies (per pair} (BBCA5} 11.30 ZB0BCPU 7.15 4702 745 | 4044 063 50 028 e i
*Pnces on these items are likely o change please contact sales office  } 7806TC 715 Igggan %gg 2822 11122 g; ggl‘) 16 PIN b5 gggg;lml' 0"2“00
before orderil 7.15 N 1 . 2
6 Serme tems ae on extended defvery from Acom plezse check | Bobag 2995 VOLTAGE 4047 049 | 43 025 | 20N 39 | 825 240
avaitability before ordering ntems marked**. ZR0S10-1 2382 S ;cggsnzncasm 2823 g% ?gg g;g B 12"' 8255 1.00
ACORNSOFT FOR THE BBC MICROCOMPUTER g%—llsﬁ; - 2382 NI A5 048 3829 g:ﬁ 1 3‘%0 }5 E o nz‘m st:auvmm: .
4 i ! INA588 245V 1.8 ! 13 20 IN 215 ;
8{2@2& %ﬁ%}agfeaﬁxg%u) o ;.gg 2389 §ﬂ§ ZNRe(025249v 160 | 4052 059 | 114 022 | 24PN 325 ZN4§7 075
Algebraic manipulation pk (AC124) 865 8803C 1210 | ZNRel040410v 16 4%5531 %E ! gg g.gg 40PN 510 %mﬁ g.;lg
Farth on BBC Micro (AC125) 750 6800 g45 | INReIOE2I7v 180 | 4054 } : Dauble Ended 18" ;
1465 ZNRef 100196V 2.56 084 | 135 024 | qapN 2 ZN433 075
Forth pack (AC126) ) 6810 112 4080 050 | 128 025 25 NTES 0TS
Lisp on BBC Micro (AC127) 7.50 6821 120 DYM CHIPS 4063 0~“ 15 038 16 PIN 225 i UuPD 760’2 o7
Lisp pack (AC128) 14,65 6840 395 | ZN450E 781 | 4068 020 | 13 g3 | 24PM 3.40 ;
Games-Philosophers quest (AC129) 865 | 645 675 | Zv4SO KT 1735 : : 40 PIN 525
G: 865 4068 021 | 138 027 misc. summ cmPs
ames-Defender {AC130} ] 6850 140 | UNEARS 4069 015 | 139 029 AY-3 120
Sares Mostrj(AG1 31} 2 €8st 107 1 (M301AN 025 | 4070 014 | 125 g7p | ZERO INSERTION Nalr e
Games-Snagper {AC132) 865 o0e7 e LU3OBN 089 | qo71 014 | 148 pge | SORCESOCRESS AY3-B910 100
8§ . LM311 ! . .
EPROM PROGRAMMER FOR REC MICROCOMPUTER e 562 | Caion 214 | 4072 o =t 038 | g 2 A
* Programs 2516 2716, 2532, 2732 Industry Standard e 1359 PN 930 | 4015 014 | 155 o34 | OPW 820 AY5-376 325
s 68812 1931 | {M5S5N vie | 478 oaa s e | mwarw DreIn L5
¥, NoiexernallgowersupplyliEG A 68821 229 | MSSECN 045 | 4000 o35 | 1o 923 | CONNECTORS 6800 FAMILY
* Plugs straight into expansion socket 68810 200 | \M741(BPIN)  0.14 | 408% 815 | 160 835 MALE-MALE  10.15 6800 450
i * Includes all Software requied | 68840 470 | |M474CN 0.64 ¢ (36" CABLE) 6802 280
XiEasyjiolise 68E50 288 | (m7asaPiyy 034 | 2082 020 | 162 835 | MALEFEMALE 1013
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The previous article explained how the computer handles input
and output of data but how many of us read and write in
binary? This month Owen Bishop explains the operation of more

user-friendly interfaces.

uite a number of electronic circuits produce their
output in analogue form, and it is beyond the
ability of a computer to read such data unless it is
first converted to digital form. Examples of devices
with analogue outputs are electronic thermometers,
pressure transducers, audio amplifiers f(for speech
recognition etc) and indeed any device which produces
an output voltage varying over a predefined range. Even a
simple carbon pot can be included in this list. The Games
Controiler of the Apple Il, for example, uses a 150k
potentiometer (there is also a push-button connected to a
memory-mapped latch, but this is a digital input). The
position, or setting, of the potentiometer i$ the analogue
quantity to be measured. The computer has a quadruple
timer IC and, when the Games Controller is plugged in to
the computer board, the pot becomes part of the RC
circuit of the timer. When the MPU is to read the setting of
the Controller, it first triggers the timer (the trigger input is
memory-mapped) then measures the length of pulse
produced. It does this by reading the memory-mapped
output over and over again, counting how many times it
reads ‘high” until it eventually reads a ‘low’. The number
of ’high’ reads is approximately proportional to the
angular setting of the control knob. The analogue-to-
digital conversion is crude and far from linear, but
certainly good enough for its intended application.

THRESHOLD/
e DISCHARGE ————
INPUT BY o - -—}
- ‘ |
i TIMER | R |
] TRIGGER 1 I
| ADDRESS ——TRIGGER e o e e
——| DECODER l L=
» c GAMES
2 | ouTPUT 1’ CONTROL
@ ov
o
o
=}
Eq
— 1 oUTPUT
ADDRESS ./ BUFFER
| DECODER
—d
TO MPU

DATABUS

Fig. 1 Analogue-to-digital conversion for a games controlier.

A-to-D Conversion . . .

Many computers have on-board A-to-D i1Cs such as
the National Semiconductor ADC0801 (Fig. 2). This
converts any input voltage in the range 0 V to 5 V to digital
output in the range 0 to 255 (00 to FF in hex). The heart of
the IC is a chain of resistors in series, with 5 V across the
ends of the chain.
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Fig. 2 Simplified block diagram of an A-to-D converter such as
the ADCO0BO01T. Vger is an on-chip or external reference voltage.
Vc'is the output voltage from the resistor chain, which is
compared with Vi, the analogue voltage which is to be
converted.

Internal logic controls CMOS analogue switches
which switch resistors into or out of the chain, so
producing a voltage (V) which can range from 0 Vto 5 V
in 256 steps. At each stage a comparator matches the
output of the chain against the analogue voltage (V,y). The
largest resistor is switched in and out first, to determine if
the input is less than or greater than 2V5. Then the next
largest resistor is switched in and out to narrow the
possible range to within 1V25. At each stage the chain
output and analogue input are matched more and more
closely. After eight attempts the closest match will have
been found. The logic signals which have produced the
.natch are then used to set the eight output buffers to one
of the 256 possible combinations which can be read as a
byte (0 to 255) by the computer. This IC converts the
voltage with true linearity, with an accuracy of half a step
in 256 steps and takes only a few hundred microseconds
to do so. If we want greater accuracy, there are similar A-
to-D ICs with a 12-bit output. Note that it is the converter
which does the'work: the MPU only has to read the result.
We do not need to write software to instruct the MPU to
measure pulse lengths as with the Games Controller. This
saves time and simplifies programming.

Most A-to-D ICs have ways of altering the span of the
input range, so that voltages from, say, 0 V to 2 V produce
the full-scale output range, 0 to 255. In addition you can
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COMPARATOR

Vin O——

COUNTER

CLOCK

VREFO—
Fig. 3 Simplified block diagram of a simple A-to-D converter,
the 507C. Vges is an on-chip or external reference voltage. Vin
is the analogue volitage to the converted; Vour is the square
wave output.

adjust the offset so that, for example, you obtain a reading
of 0 when the input is 10 V and reading of 255 when the
output is 12 V.

As might be expected, a Ato-D IC is a sophisticated
circuit and is correspondingly expensive. If an application
requires several analogue inputs and high conversion time
is not of paramount importance, the inexpensive 507C IC
provides linear conversion in 1 mS with seven-bit
resolution. This has a resistor ladder (Fig. 3), and the
counter supplies current to each resistor in binary
sequence. The op-amp adds the currents and the result is
that the output ramps down a voltage from 0.75 x supply
voltage to 0.25 x supply. If the enable input is high, the
comparator gives a high output whenever the ramp
voltage exceeds the analogue input voltage: thus the
length: of time the output is low is a measure of the
analogue voltage (Fig. 4). The MPU can find this time by
using a program like that described for the Games
Controller.

Vi —0.75x VReF
| | | i | —0.25xVpgE
11 11 il il il | | |
h ,_.‘I iu;’ lul !”l m )
i ov

R
t

Fig. 4 The input and output voltages of the 507C A-to-D )
converter. The computer measures t, which is proportional to
Vine

... And The Converse Conversion

If a peripheral needs an analogue signal to control it
(eg controlling the speed of a motor), we need circuits
which can convert the digital output of the computer into
its analogue equivalent. '

The ZN425 D-to-A converter makes use of an R-2R
ladder (Fig. 5). The switches are under the logical control
of the eight-bit input. As the count increases, the output
voltage increases in proportion (see panel). To drive a low
impedance device the output must be buffered by an
operational amplifier.

This IC may also be used for A-to-D conversion, using
its binary counter. The counter is clocked by an external
pulse generator, and as it counts the pulses, switches
controlling the R-2R ladder are closed and opened in a
binary sequence. The output is a staircase ramp of 256
steps. An external amplifier compares the output from the
ladder with the analogue voltage which is to be converted.
When the ramp output equals the analogue voltage, the
output from the amplifier inhibits the clock. At this point
the logic output which controls the switches can be read
as an eight-bit equivalent of the analogue input.
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Fig. 5 Block diagram of the ZN425E D-to-A converter. Vger is
an on-chip or external reference voltage. The amplifier is not
on the chip but is an external op-amp (eg 741).

Screens And Printers

The way most owners receive information from their
micros is through the screen. This may be a domestic TV
set or a monitor unit specially designed for the purpose.
Those whose main interest lies in arcade games,
adventures, and the like usually need no more than the
screen, but anyone with an interest in programming soon
finds that the screen alone is not enough. There is the
tedium of copying long listings of favourite programs from
the screen, and the frustration of being able to see only a
few lines of program at any one time. Sooner or later, the
serious programmer adds a printer to the system. This
month we shall deal with both these ways of receiving
information from the micro.

The fact that the technology of high-speed (for the
time) printing was already available in the form of teletype
machines, lead to the early mainframe computers having a
printer but usually no screen. We are reminded of this
early use of teletypes by some of the curious control codes
which abound in the ASCH character set (see last month’s
article). The screen of the early mainframe computers, if
any, was often a CRT in which the X and Y deflection
plates were under the direct control of the computer. [t
was a kind of high-grade oscilloscope, with the computer
using the electron beam to ‘draw’ an image on the screen.
This was suitable for displaying charts and graphs, but not
much use for text.

With a modern computer, the electron beam scans a
rectangular area on the end of the CRT, in the same way as
a TV set. The field (or raster) consists of a large number of
horizontal lines (the number varies according to the
system) placed close together (Fig. 6). Each line isscanned
in turn, from the top to the bottom of the screen. Most TV
systems have an interlaced raster in which the beam first
scans alternate lines down the screen and then returns to
scan the ones between the first set. As the beam scans, its
intensity (and hence the brightness of the glow produced
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HOW THE R-2R LADDER WORKS »

Assume all switches are set to 0 V. The three left-hand resistors
are equal to 2R and 2R in parallel, and so can be replaced by a
single R resistor. Thus the four resistors shown are equivalent to
2R switched to 0 V. We can carry this reasoning all along the lad-
der, until we reach a switch thatis notsetto0 V.

2R

R
0V O~ VWV\VA—
R EQUIVALENT
TO E
ov

R
AN
2 EQUIVALENT
TO

R
oV ov

If all except SW7 are set to 0V, and SW7 is set to V (the
reference voltage), we can consider all resistors to the left as
equivalent to a single 2R resistor, switched to 0 V. We have a
potential-divider, and V, = V/2. This corresponds to the ex-
pected output, since 128/256 = 1/2.

=

CODE = 1000 0000 = 128

Vg=V/2
2R

HIGH
IMPEDANCE
INPUT

If ali except SW6 are set to 0 V and SW6 is set to V, we can
consider all resistors to the left to be replaced by a single 2R
resistor, switchedto Q0 V.

fo = VIBR; 11 = (V - V))/2R; 12 = Vi/2R

By Kirchoff’s Law (sum of currenis entering a point must equal
sum of currents feaving a point):

lo =11 — Iz, so
Vi/3R = (V — V3)/2R — V4/2R, giving
2V = 3V - 3Vy - 3V

Vi = 3V/8
Now we can calculate V!
Vo = 2V4/3 = V/4

This corresponds to what is expected since 64/256 = 1/4.

vy Vo
=2R % R %

ov CODE = 0100 0000 = 64

Vo= V4

Here both SW6 and SW7 are switched to V.
lo = (V - Vy)/3R but |y and 1, are as above.
Ib=1 + 1 so
Vi2R = (V = V1)/2R + (V —~ V1)/3R,
which simplifies to V1 = 5V/8.

NowV, = Vi + (V - V{)/3 = 5V/8 + VI8 = 3V/4.
This is what we expect, since 192/256 = 3/4.

v, vy
=2R §7 R g? » . . g
OV O AAN At A p—— 1+ CODE = 1100 0000 = 102
f2 fo
: 2 Vo=%V

2R 2R
b fo
w8 SW7
Q =]
v h

This kind of reasoning can be repeated all along the chain. get-
ting more and more complicated, but with the same kind of result.
If all the switches are set to V, the maximum V, is obtained, ie
255/256V.

on the screen) is modulated. If the beam is strongly
modulated, so that it produces either bright light or none,
we can use it to produce a textual display of good contrast.
Fig. 7 shows how a line of text can be built up from dots of
light in seven successive scans. These are followed by a
number of lines in which the beam is blanked (off} to
provide spacing between rows of text. This process is
repeated all the way down the screen.

r , N
7 LINES DEEP——»{:‘

A SINGLE
MODULATED LINE
i
DIRECTION OF SCAN

FACE OF CRT -

\— " _
Fig. 6 How text is displayed on a TV screen.
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As Fig. 7 shows, it is possible to build up well-defined
alphabetic characters from a 7 x5 matrix of dots. Numeric
characters, punctuation marks and various other symbols
can also built up in this way. We will now look in more
detail at what the computer has to do in order to produce
such a display. Visual displays are a field in which
microcomputer designers have felt themselves free to use
their inventiveness. Consequently, there are almost as
many ways of producing the display as there are makes of
microcomputer. Our discussion will therefore deal only
with the main principles which are common to most

micros. :
1DOT SPACE

5 DOTS WIDE gOTS WI\DJ 5 DOTSWIDE

SUCCESSIVE {
SCANS

NSO R W N

DIRECTION OF SCAN i
DOT OF LIGHT
Fig. 7 Enlarged view of the first few letters shown in Fig. 6.
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The Writing’s On The Screen . . .

Figure 8 shows the signal which is fed to the grid of the
CRT to modulate the beam to produce scan 5 of Fig. 7.
The length of a single dot-producing pulse. is of the order
of 15 uS. This waveform is produced by a circuit like that
shown as a block diagram in Fig. 9. Most micros have what
is termed a memory-mapped display. A certain block of
memory addresses is set aside for holding the text.
Normally it requires one byte of data for each character.
For example, if the screen has 16 lines, with 64 characters
per line, the memory area must consist of 1024 bytes, or 1
kilobyte. Whenever text is to be displayed, the CPU stores
the ASCI! codes corresponding to each character in the
appropriate memory cell.

__ WHITE
LEVEL

BLACK

II|I|I|l|1.“(]l|ll|l|],¥ltlIII||LEVEL

TIME

LINE
SYNCHRONISING
PULSE

Fig. 8 The signal required to produce the fifth scan of Fig. 7.

The video RAM, as this section of memory is usually
called, is read in sequence by the video circuitry.
Although video RAM can be addressed by the MPU like
any other part of RAM, in some micros it has its own
control signals and its own data bus to connect it with the
video circuit. For most of the time it operates
independently of the microprocessor. The ASCII code for
each character in turn is transferred to the data latch. It is
held there while the next code is being fetched. The
output from the laich goes to a character generator 1C.
This is a special kind of ROM (see Designing Micro
Systems, ETI October 1982) which converts an ASCII code
into the corresponding pattern of dots. It has inputs from
the latch to tell it which character is to be generated, and
from the synchronising circuit to tell it which one of the
seven lines of dots is to be generated. It has five outputs
that indicate which dots are to be displayed as white and
which will be black.

» | O—» S —
2 | O — e
e Qe —— — SHIFT
2 REGISTER
< O— DATA =3 CHARACTER [~
0 ) Que—ip] LATCH fump] GENERATOR fomci)
% O —a
Z | o—> !

O] —

1 VIDEO
. MIXER BUFFER

TO
MONITOR
CIRCUITS

SYNG
CIRCIHTS |

Fig. 9 Block diagrarh of t)h‘g circuit for displaying text.

The output from the, character generator is converted
from parallel to serial form by the shift register. This
produces a train of pulses, some high, some low, like
those shown in Fig. 8. These are fed to a video mixer
circuit where line synchronising pulses and frame
synchronising pulses are added. The combined video
signal is then passed through a buffer circuit to the
monitor.

Such a signal is not suitable for sending to a domestic
TV set. The TV is expecting a UHF carrier signal from an'
aerial, modulated by the video signal. So, if a TV is being
used, the signal from the video mixer must first go to a
modulator. This produces a UHF carrier signal (usually on

)

Channel 36) with the video signal imposed on to it. When
the TV receives this signal it demodulates it, recovering the
original video signal that it then uses to produce the
display. The additional processes of modulation and
demodulation inevitably lead to distortion; consequently,
the resolution obtainable on a TV is inferior to that
obtained on a proper monitor screen. A TV is acceptable
when there are 40 or fewer characters per line, but when
there are 60 characters or more the use of a monitor is
much to be preferred.

Graphics Galore

The variety in methods of producing textual displays is
exceeded by the variety of techniques used for producing
graphics. A few- micros (eg ZX81 and PET) use the
character generator to produce geometrical shapes and
other designs and symbols. These can be combined on the
screen to produce designs of almost infinite complexity.
This technique exploits one of the useful features of
character generators: they can be programmed to produce
any or all of the possible patterns on a 5x7 (or larger)
matrix. For example, we can have them programmed for
different styles of letter or for special letters for different
languages. There 2% permutations of dots, far more than
can be accommodated within a single IC, so the snag of
this method is that the user is limited to the range of
symbols selected by the manufacturer. If you are writing
programs for playing Bridge or Blackjack, the hearts and
clubs symbols will be useful but, if your interests lie in cash
account programs, they are a waste of space on the chip.

BETWEEN
LETTER
SPAI\CE

{a)
1 2
4|8
16|32

BINARY
VALUES OF
EACH PIXEL

Fig. 10 Graphics blocks, as used in the TRS-80 Model 1. (a)
Each pixel has the binary value shown. (b) and (c) The sum
of, values of ‘on’ blocks plus 128 gives the code. (d) How a
block is displayed by scanning (letter A for comparison of
sizes). The blocks are displayed on a 6 x 12 matrix, leaving
no space between adjacent blocks.

= E—
CODE = CODE=

1+32+128 = 161 2+8+16+128
=154 BETWEEN LINE SPACE

Many computers use graphics blocks (Fig. 10) as a
means of constructing displays. A block may consist of six
sub-blocks (gr pixels, which is the name used for picture
elements). Designing displays by this method involves
interpreting your picture six blocks at a time and
programming the computer with the corresponding code.

'The codes are stored in video RAM, as with text. Separate

circuits are used in place of the character generator to
convert the code to the corresponding set of videc signals
and feed them to the shift register. If the designs required
are regular (such as decorative borders), programming is
simple but it becomes very time-consuming if you want to
draw complicated pictures.

A third approach to graphics is to deal with each pixel
separately, and allocate one bit in video RAM to each
pixel. If the value of the bit is ‘0, the corresponding pixel is
‘off' (black screen). If it is ‘1’, the pixel is ‘on’ (white
screen). A medium-resolution graphics display, for
example MODE 5 on the BBC Microcomputer, has 256
lines, each with 160 pixels. This gives a total of 40960
pixels. Allotting one bit per pixel, the video RAM must
provide 5 kilobytes. If the display is to be in colour, an
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additional 5K bytes are required to indicate colour
information for four colours, or an additional 15K for 16
colours. With the high-resolution display on the BBC
Microcomputer (MODE 0) there are 640 pixels per line,
requiring 20K, but allowing for only two colours. It can be
seen that high resolution graphics, and particularly high-
resolution colour graphics, require a very extensive video
RAM. The cost of RAM has fallen in recent years, making it
feasible to provide micros with good high-resolution
colour graphics at relatively low cost. But, unless special
‘paging’ address circuitry is introduced, a micro with a
16-bit address bus is limited to 64K of memory, into which
ROM, program RAM and the video RAM must be fitted.
Consequently, an increase in the size of the video RAM
means a decrease in the address space left for program
RAM. If video RAM is physically a section of RAM itself,
instead of being a separate entity as in some micros (see
above), this section of RAM can be used for video when a
program is to have plenty of graphics in colour, but can be
turned over to program or data storage when graphics are
not required. This is the system generally adopted in
micros with high resolution graphics.

A Colourful PAL

In the PAL system of colour television, used in most
European countries, colour transformation is transmitted
by modulating the luminance (brightness signal) with a
very high frequency chrominance (colour) signal. The way
in which the chrominance signal is derived and
subsequently decoded in the TV set is too complex to go
into here. The final result is that three separate signals are
derived to control the red, green and blue guns of the
colour tube.

The output from a computer to an RGB colour
monitor consists of four signals, on separate lines. The
‘sync’ signal provides the pulses needed for synchronising
scanning with the reading of video RAM. The other three
signals (R, G and B) control the three electron guns of the
colour tube. Whenever there is a pulse on R, a red dot is
produced on the screen. Whenever there is a pulse on G,
we obtain a green dot. In either case only one kind of
phosphor (red or green) is made to glow. If there are
pulses on R and G at the same time, both electron guns are
activated. A red dot and a green dot are produced in the
same region of the screen. From the normal viewing
- distance it appears that there is a yellow dot on the screen.
All colours are produced by mixing red, green and blue in
various combinations and proportions. - .

The availability of separate signals for the red, green
and blue guns means that excellent colour rendering with
full saturation may be readily obtained on an RBG
monitor. For those who wish to use a domestic colour TV,
micros with colour graphics usually have a TV output. In
the video mixer circuit the RGB signals are combined with
the [uminance signal before modulation and  the
composite signal . is sent to the TV set. As with
‘monochrome TVs, losses of signal quality occurring during
demodulation and decoding mean that resolution and
colour rendering is not as good as with a monitor.

High resolution colour graphics can give an intricate
picture but, with so many pixels to be individually dealt
with, one might think that programming would be too
‘laborious for the average user. In fact, high resolution
graphics may be easier to handle than the graphics blocks
or generated characters described earlier. Since there is
only one shape (a dot) instead of dozens or hundreds, we
avoid the need to specify which shape is to be displayed.
Since each pixel can be specified solely by its X and Y
coordinates of the screen, the basis of pixel graphics is
mathematical and it lends itself ‘readily to mathematical
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treatment. It is easy to write routines for drawing lines,
circles, or triangles, and for filling in areas with solid
colour. The high-level language may include commands
such as DRAW, PLOT, and CIRCLE, which perform these
functions automatically, leaving the user to supply only
the parameters. Graphs, bar charts, clock faces and alf
kinds of designs which are composed of reasonably simple
geometrical shapes can be programmed in a few lines.

Getting Into Print

Controlling a printer is very different from controlling
a monitor or TV. When controlling a monitor, the
computer is responsible for all the timing and signal
generation. The monitor merely transfers this signal to the
screen as a raster of lines, varying in brightness along their
length. Once the data has been transmitted, there are no
further problems for the computer, for the monitor is able
to work fast. The signals it receives are almost immediately
translated into a pattern on the screen.

A printer takes a much larger share of the work on
itself. The computer simply tells the printer which. letter is

to be printed next. Then the printer works out how and

where to print the letter, or when to feed the paper on to
print the next line. It can even organise itself to save time
by printing alternate lines from right to left! In order to do
this the printer needs an elaborate logic circuit. This may
often include a microprocessor specially devoted to
managing its activities. If the printer is of the dot-matrix
type, it also needs a character generator to tell it which
co)mbinations of printing.needles to fire at the ribbon (Fig.
11). ‘
(a) (b}

TTT

Fig. 11 Dot-matrix printers use a matrix of printing needles.
If a needle is fired it hits the ribbon and makes a dot on the
paper. In (a) a capital G is produced on a 5 x 7 matrix. In (b)
a lower-case g is produced with a tail beneath it using a 5x 9
matrix. In generaﬁ printers with few rows are not able to
offer descenders like this.

The main disadvantage of a printer compared with a
screen is that it deals with data much more slowly. There is
a physical limit on how rapidly we can accelerate and then
decelerate the appreciable mass of the print head (be it a
matrix of needles or a daisywheel) and the rollers or
sprockets which feed the paper to it. By contrast, the beam

DO"

D1’

D2

| D3

CPU PRINTER

D4

| D5”

D&’

D7’

el

f

BUSY |

DATA STROBE

- OUT OF PAPER |

Fig. 12 Parallel data transfer between computer and printer.
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of electrons in a CRT is virtually massless and can be
directed and modulated almost instantly.

There are two main ways in which a computer and
printer may be connected. The parallel transfer of data is
illustrated in Fig. 12. An example of this system is the
Centronics interface, originally devised by manufacturers
of Centronics printers but now adopted by many other
~ manufacturers. The first point to note is that there is two-
way communication, in contrast with the one-way
communication between computer and monitor. This is a
consequence of the relatively slow speed of a printer. A
computer can instruct a printer far faster than the printer
can print. Rather than have the computer waste its
valuable time waiting for the printer to operate letter by
letter, we let the computer send a long string of commands
to the printer in rapid succession. Since there are eight
data lines, the computer can send a byte at a time. This is
normally the ASCIi code for the letter required. The printer
can also interpret ASCII control characters for operations
such as line feed (LF) and carriage return (CR). Whenever
the computer is outputting data it makes the
DATA STROBE line low. this has the same function as the
WR control line used internally, and is derived almost
directly from it. Similarly, the data lines are separated from
the data bus of the computer only by latches, which hold
the data long enough for the printer to be able to receive
it. In some micros a general-purpose /O device is used for
this purpose (see Designing Micro Systems, ETI December
1982).

The 1/O device or the buffers leading to the printer
data lines need only one decoding circuit to enable them.
Thus a printer needs to have only one address in RAM
allocated to it. In comparison with the video screen, the
printer makes minimal demands! '

Printer Buffer

When data is received by the printer it is stored in a
small RAM, called the holder buffer. This holds the codes
for about 80 characters (maybe more}, which is enough to
print one line of text. It stores codes as they come in, then
reads out codes previously stored and prints the
characters they represent. When the computer sends a
long string of codes the buffer is likely to become full. Also
the printer has occasionally to stop printing to move on
the paper to the next line. Again, codes will accumulate in
the buffer. At this stage the printer puts a signal on the
BUSY line. The effect of this is to interrupt the computer
and make it stop sending any more data. When the printer
has printed all that it has stored and its buffer is empty, the
BUSY signal is taken off the line and the computer is free
to send the next batch of data. On some interfaces there is
also an acknowledge line (ACK), a handshaking line by
which the printer informs the computer that it has done
whatever it was told to do and is awaiting fresh
instructions. There may be an OUT OF PAPER line for

STOP START
“BIT BIT

l ASCIi CODE ¢

DATA U

BUSY

CcPU PRINTER READY ERINTER

DATA SET READY

Fig. 13 Serial transfer of data between computer and printer.
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signalling this fact to the computer. The level on this line is
usually controlled by a micro-switch connected to a lever
which is in contact with the paper. An OUT OF PAPER
signal causes the computer to send no more data until the
normal level is restored.

Are You Being Serialed?

The alternative way of sending data to a printer is to
transmit a series of pulses along a single line. This has
obvious advantages in that only a single data line is
required instead of eight. The most frequently used system
of serial data transfer is known as the R$232C standard.
The standard specifies voltage levels and rates of data
transfer and the system to be used for coding the data. The
standard also covers the types of connector to be used so
that any pair of devices employing RS232C may be
coupled together and expected to communicate reliably.

In Fig. 12 the pulses drawn above the parallel data
lines indicate that thé computer is sending 0100 0001 (or
65 decimal, the ASCII code for ‘A’). In Fig. 13 the same
ASCIl code is being sent serially along one data line.
Sending eight bits one after another is obviously slower
than sending them in parallel, a byte at a time, as in Fig.
12, but since printers are relatively slow this is not a great
disadvantage.

There are various ICs available for converting parallel
data to serial data. A simple parallel-in-serial-out (PISO)
shift register such as the 74L5166 will do the job, but ICs
specially designed for computers do it better. A universal
asynchronous receiver transmitter (UART) is an example
of such an IC. This provides two-way communication,
being able to receive parallel data from the CPU and
transmit it as serial data, and to receive serial data from a
peripheral and pass it to the CPU as parallel data. The
latter function is not required for use with a printer, but
would be used, for example, when two computers are
required to communicate with each other. Not only does
the UART convert from parallel to serial (or the other way
about) but it takes the parallel data, makes it into a train of
eight pulses, and adds a ‘start’ pulse and a ‘stop’ pulse to
the beginning and end of the train.

Correcting The Errors

Since it requires only one data line, serial data
transmission is suited for long distance. Parallel data
transmission is rarely used under such circumstances. The
longer the line, the greater the chance of stray
electromagnetic interference finding its way on to the line
and into the data receiving circuit. This is why the train of
pulses often includes an extra pulse known as the parity
bit. The idea of this is to allow the receiving device to
check that no spurious pulse has been added as a result of
interference during transmission. The parity bit is
calculated by the UART before the data is transmitted, and
is added to the end of the train of data pulses, then
followed by the stop bit or bits. The value to be given to
the parity bit is found by counting how many 1s are
present in the data. If the number is even, the parity bit is
made 1, so the total number of 1s becomes odd. If the
number of 1s in the data is already odd, the parity bit is
made 0, so retaining the odd number of 1s. At the
receiving end the UART simply has to count the number of
1s in the train. If it is odd, all is well and it then sends on
the train (minus the parity bit) to be decoded. If the
number of 1s is even, a transmission error has occurred
and the device or its operator can be alerted. This system
is not absolutely error-proof for two errors could occur
which would be self-cancelling. However, if the average
rate of error is, say 1 in 100,000 bits on any occasion, the
chance of two errors occurring on that occasion is 1 in
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FEATURE: Micros

10,000.000,000 bits, which be
disregarded.

The system described above is known as odd parity. It
is also possible to work with even parity, in which the
parity bit makes up the 1s to an even number. Most UARTSs

can be programmed to deal with either type of parity.

can fairly safely

It’s Your Timing That’s Crucial

Figtre 10 shows the train of pulses required to
transmit the ASCII code for ‘A serially. It includes an even
paritv 5it. The voltage level specified for signalling 0 is
-3\ or more, while the level for 1 is any voltage lower
than -3\ The interval between successive groups of
pulses can be as long as necessary. The receiver waits until
a start bit arrives and then decodes the nine or so bits
which follow, There is no interval between successive
pulses. Tne sequence of five Os, for example, is received as
one iong high pulse. It follows that the transmitter and
receiver must both have a method of timing the duration
of pulses. Both circuits have oscillators or clocks built in to
them to fix the rate at which they work. When two devices
are coupled both clocks must operate at the same
frequency. To assist standardisation, a number of
frequencies have been selected for use with R$232C
interfaces.

The rate of transmission of data is expressed in baud.
This unit, named after a French engineer, J. M. E. Baudot,
is equal to the number of bits transmitted per second.
Standard rates are 110, 150, 300, 600, 1200, 2400, 4800,
9600 and 19200 baud though the hlgher ones are not
included in the. RS232C standard. To simplify circuit
design there are baud rate generator ICs. These are driven
by a high frequency crystal oscillator circuit; the hlgh

DATA
{ASC1] CODE}
s —
msB LsB
‘HOLDING” , )
H!“‘OIO"‘lOIO'OlOIOI“SITO‘%' HOLDING
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ke A s BIT
O I - e T R i R R no»
" m——————) I-—-l I I l .
‘EVEN’ 1
PARITY

Fig. 14 The waveform of a serial signal (see text). There may
be one or two ‘stop’ bits. The holding period between suc-
cessive signals may be any length, which is why the system is
called asynchronous.

frequency is divided by internal counter circuits to
produce a range of output frequencies at standard baud
rates. A UART may be connected to one or other of these
outputs, depending on which baud rate is to be used. An
interface usually has the facility for switching the UART to
any one of the generator outputs, so that the rates on
transmitter and receiver may be matched.

Since this is an asynchronous system, matching of
timing does not have to be of high precision. Timing at the
receiver begins when a start bit is received. The clock at
the receiver has to remain in phase with the transmitting
clock only for the duration of 10 to 11 pulses. The
receiving clock probably runs slightly slower or faster than
the transmitting clock, but this does not matter. It can get
only a fraction of a pulse out of phase in such a short time,
and this is not enough to cause errors in decoding. When
the next train of pulses arrives, timing begins all over again
from the arrival of the start pulse Any discrepancies of
timing which might have accumulated between trains are
eliminated. ETi

MODULES FOR SECURITY & MEASUREMENT

CA 1250

This exciting new module offers alt the possible
features likely to be required when building an
intruder alarm system. Whether used with only 1 or
2 magnetic switches or in conjunction with several
uitrasonic alarm modules or infra-red units. 3 really
effective system can be constructed at a fraction of
the cost of comparable ready-made units. Supplied
with a fully expianatory Data Sheet that makes
instaliation straight forward, the module 1s fully
testad and guaranteed.

*available in kit torm £16.95 + VAT

® But-in electronic siren drives 2 loud speakers

@ Provides exit and entrvance deiays together
with fixed alarm time

@ Battery back-up with trickle charging facility

® Operates with magnetic switches, u/sonic or
LR. ynits

® Ant-tamper and panic facility

@ Stabilised ouput voltage for external units

® 2 operating modes - full alarm/anti-tamper and
panic facility

® Screw connections for ease of instaliation

® Separate reiay contacts for switching external
loads

& Test loop facility

Adjustable range
from 5ft. to 25ft.

ULTRASONIC
ALARM
MODULE

US 4012

Fully built
& tested 2=

A really
effective fully built |8
module containing both
ultrasonic transmitter and
receiver and circuitry for providing
faise alarm suppression. This module,
together with'a suitable 12V power supply
and relay unit as shown, forms an effective
though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet, it is easily mounted in &
wide range of enclosures. A ready-drilled case and necessary [
hardware is available below.

Power Supply & Relay Hardware Kit

DIGITAL VOLTMETER MODULE DVM 314
Fully built & tested

® Positive & negative voitage with an FSD of
989mV which is eastly extended

® Requires only single supply 7-12V

@ High overall accuracy - 0.1% + 1 digit

® Large bright 0.43" LED displays

® Supplied with full applications data
With this fully built and calibrated module a wide range of accurate such as
thermometers, battery indicators etc. canbe constructed at afraction of the cost of ready-made units. Full
details are supplied for extending the voliage range, measuring current, resistance and temperature.
*Fully guaranteed. the unit has been supplied to eiectricity authonties, Government departments, etc.

Units PS 4012 £4.25 +var

Provides a stabilised 12V output and relay with 3A
contacts. The unitis designed to operate cne or two
of the above uitrasonic units. Fully built and tested.

HWAa012 £4.25 + VAT

A suitable ready-drilled case wath the various mount-
ing pillars, mains switch socket and nuts and boits.
Designed to house the uitrasanic alarm module

Temperature Measurement Kit BT.10 £2.25 +vaT

Using the I.C. probe supplied, this kit provides a linear output of 10mV°C over the tempersture range
j from 10°C to + 100°C. The unit is ideai for use in conjunction with the DVM modiile providing an
accurate digital thermometer

Pewer Supply PS.209 £4.95 +var

This tully built mains power supply provides two stabiiised isolated outputs of 9V, 250mA each. The unit
B is ideaily suited for operating the DVM at Temperature Measurement module.

ETi JANUARY 1983

Siren Module
SL 157 £2.95 +vaT

Produces aloud and penetrating sliding tone operat-
ing from 9-15V. Capable of driving 2 off 8 ohm
speakers to SPL of 110db at 2M.

Contains &n inhibit faciity for use with shop

lifting loops etc. or other break to activate

circuits

Add VAT & 50p post and packmg
to all orders.

Shop hours 9.00-5.30 p.m.

(Wed. 9.00-1.00 p.m.)

Units on demonstration — callers
welcome.S. A E.witha

together with its power supply.
Size: 153mm x 120mm x 45mm

* ACCESSORIES *

3-positicn Key Switch for use with
CA 1250 supplied with 2 keys
Magnetic switch {with magnet}
5* Horn speaker for use with CA1260

and SL167

Dept:ETI/13. -
21DukeStreet,
Princes Risborough, Bucks.

Princes Rishorough (08444) 6326
Telephone Orders Welcome
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The Jupiter Ace uses FORTH

The Jupiter Ace personal computer runs in FORTH, an easily
understood language, typically four times as compact and ten
times as fast as BASIC. Before the Ace all personal computers
used BASIC and FORTH was only available to a privileged few.
The Jupiter Ace also features a full-size moving-key keyboard,
high-resolution graphics, sound, floating point arithmetic, a fast

wheel printers.

information.
Software

All
inclusive
price

For £89.95 you receive
your Jupiter Ace, a mains
adaptor, ail the leads
needed to connect to most
cassette recorders and T.V.s
{colour or black and white}, a
software catalogue and a
manual.
The manual is a complete
introduction to the world of
personal computing and a
course in FORTH programming
on the Ace.

Even if you are a complete
newcomer to computers, the
manual will guide you step by step

from first principles to confident
programming.
The price includes postage, packing
and V.AT.
The Jupiter Ace is backed by a full 12
month-warranty.

only
£89.95

The Jupiter Ace is available only by mail order.
Please allow up to 28 days for delivery.
Send cheque or postal order with the form to:—
JUPITER CANTAB, 20 FOXHOLLOW
BAR HILL, CAMBRIDGE CB3 8EP

“ORDER NO

l Please send me:—

D JUPITER ACE MICROCOMPUTER(S) @ £89.95.

and reliable cassette interface and 3K of RAM.

Available soon

Plug-on parallel printer interface.
For around £20.00 this will connect your Jupiter Ace to
anything from high-speed dot matrix to letter-quality daisy

Plug-on 16K Memory Expansion
For around £30.00 you will increase the memory of your Jupiter
Ace to 19K giving you instant access to enormous amounts of

A catalogue will be sent with every machines, and includes, initially,
programs for education and entertainment.

Technical Information
Hardware

Z80A running at 3.25 MHz,

8K bytes ROM

3K bytes RAM
Keyboard 40 Moving-key keyboard with auto repeat on every key and
Caps Lock.
Screen Memory mapped 32 «olumn x 24 line flicker-free display with
upper and lower case ascii character set.
Graphics Chunky graphics (64 x 46 pixels) may be plotted, unplotted
or over-plotted {(XOR operation). Also, the entire character set (128
characters and their video inverses) may be redefined allowing intricate
shapes to be drawn with a resolution equivalent to 256 x 192 pixels.
Sound Internal loudspeaker may be programmed to operate over the
entire audio spectrum.
Cassette Programs and data in the compact dictionary format may be
saved, verified, loaded and merged. Blocks of memory can be saved,
verified, loaded and relocated. All tape files are named. Running at 1500
baud, the Ace wili connect to most portable tape recorders.
Expansion Port Contains D.C. power rails and full Z80 Address, data
and control signals. May be used to connect extra memory and other
peripherals. IN and OUT words allow port-based peripherals to be
addressed.
Data Structures Integer, Floating point and String data may be hetd
as constants, variables or arrays with muitiple dimensions and mixed
data types. There are no restrictions on names.
Control Structures IF-ELSE-THEN, DO-LOOP DO-+LOOP,
BEGIN-WHILE-REPEAT, BEGIN-UNTIL, all may be mixed and nested
to any depth.

The Jupiter Ace closely follows the FORTH 79 standard with extensions
for floating point, sound and cassette. It has a unique and remarkaole
editor that allows you to list and alter words that have been previcusly
compiled into the dictionary. This avoids the need to store screens of
source, allowing the dictionary itself to be saved on cassette.
Comprehensive error checking removes the worry of accidentaily
crashing your programs.

Designed by
Jupiter Cantab

Computer Designers
Steven Vickers and Richard
Altwasser played a major
role in creating the

ZX Spectrum and then

Name. Mr/Mrs/Miss Lt 1 1 1 ¢ 11 4 v gt b b L) | formed Jupiter Cantab to

* develop advanced ideas in
) X personal computing. The

Address |t 1 1 1 v v v v v b v gl rr bbb 1 Ace is the result, another

[ililllllll!lllllllll_llLJETl

all-British computer to lead
the world.




(o on a computer date

(and take along the wife and kids)

Have you ever fancied spending the day playing with an Atari, or
a Sinclair, or an Apple computer?

Well, these plus a complete cross-section of the hard and software
available to the home user, will be on display at the London Computer
Show.

The empbhasis is on the lower end of the price bracket, with
computers from £50-£300.

You will be able to chat to the manufacturers and play w1tlh the
computer before you buy.

So bring along the wife and kids (who’ll probabiy be more of an
expert on what you re buying than you).

And if you’re a party of 20 or more, there’s a 25 % discount.

Friday 7th January ’83
(10.00am-6.00pm)
Saturday 8th January ’83
(10.00am-6.00pm)
Sunday 9th January ’83
(10.00am4.( oopm)

THE LONDON HOME ,'}'"""""""-S'K--VE-S-(;[-) --------------
COM P UTER SHOW . Present this token duly completed when buying your ticket for a

|5 eduction. Only 1 token allowed SO,
Royal Horticultural Society’s Old Hall, Vincent Street, Op reduction. Only I to Rt

London SW1. 1 NameMr/Mrs/MSS ..., ..o oers e ime e s s meenn

*For advanced bookings for parties of 20 or more, please send : Address
cheques payable to Argus Specialist Publications Ltd. (Dept. U e v g, o e, Vs . T icves | AT, s, pivesceiued
LHCS), 145 Charing Cross Road, London WC2H OEE. : . . . ETI
Telephone 01-437 1002. pignature e ETL

e e e )




DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on
the ICL7126 (2 lower power
version of the ICL7106 chip}
and a 31/2 digit liquid crystal | $1948)
display. This kit will form the
basis of a digital multimeter y
{only a few additional resistors and switches |
are required—details supplied), or a sensitive
digital thermometer (-50°C to - +150°C)
reading to 0.1°C. The basic kit has a
sensitivity of 200mV for a full scale reading,
automatic polarity indication and an ultra
tow power requirement—giving a 2 year
typical battery iife from a standard 8V PP3
when used 8 hours a day, 7 days a week.

Price £15.50
DISCO LIGHTING KITS
DL 1000K

This  wvalue-for-money kit
features 2  bi-directional
sequence, speed of sequence
and frequency of direction

and crystal earpiece and o change, being variable by
stomakea means of potentiometers and incorporates a

sensitive miniature radio. master dimming control. £44.

HOME LIGHTING KITS
R e C H R IST MAS
PRESENTS GALORE

switch and control up to 300w. of lighting.

TDR300K Remote Control  £14.30
Dimmer

MKé Transmitter for above £4.20

TD300K Touchdimmer £ 7.00

TDEXK Extension kit for 2-way
switching for TD300K £ 2.00

LD300K Rotary Controiled £3.50 /‘/D

Dimmer

Ly N4141C, kitin-
ed on Z
Elisdes pCB, wound aerial

HOME CONTROL CENTRE *

This New Hemote Control Kit enables you to
control up to 16 different appliances any-

whe e in the house from the comfort of your gize: 5.5 % 2.7 x 2 cms. 8 DLZ100K

arm hair. The transmitter injects coded Requires PP3 9V battery. A lower cost version of the above, featuring

pul-es into the mains wiring which are 1€AL FOR BEGINNERS. unqir:lctignal channefl sequence with speed

trﬁcruved by ;ecelverlmod;les lgl:ct)nnec_:eg to £5.0 ::,'ilch:d gnlrce:lnrs“:m: f!f;sﬁ' ,:og. Outpu:s
€ 5ame mains supply anc used 1o switch on Y 3 rossing points

the appliance addressed. Raceivers. are ! LCD 314 D:G'T MuLT IMETER l to reduce radio interference to a minimum. 1§

addressed by means of a 16-way keyboard, vf "aggu including DC vohtage (200 my-1 Optional opto input DLA1 Only £8.00

i followed by an on or off command. Since and AC voltage, pC -1000

Allowing audio {"beat”} —light response.
DL3000K
This 3 channel sound to light kit features zero
voltage switching, automatic level control &
built in mic. No connections to speaker or amp
required. No knobs to adjust — simply connect

to mains supply & tamps. only £11.95

{1Kw/Channel}

and resistancg 10 2 M) +°h"p"’"' (200 ma-10 A)

pushing buttons can become rather boring, gam and diode check. Input lﬁPNPtransis(or

the transmitter also includes a computer
interface so you can programme your favour-
ite micro to switch lights, heating, electric
blanket, make your coffee in the mornlngr
etc., without rewiring your house. JUS STOCK'NG FILLERS
THINK OF THE POSSIBIUTIES. The KIT
includes ali P(éBs and compone!nts f%r ﬂng
B transmitter and two receivers, plus a drilled § pACK {1) 650 Resistors 47 ohm to 10 Mohm - 10 per value £4.oo
B box for the transmitter. ., “ d ”
Order as XK112. £42.09 § PACK{2) 40 x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25 OPEN-SESAME

The XK103 js a general purposa infra-red trans-
Addmonal Remevers XK111 £16.00 PACK (3) 60 Polyester Capacitors 0.01 to 1uF/250V - 5 per vaiue £5.55 mitterireceiver with one momentary (normally

open) relay contact and two latched transistor
PACK (4) 45 Sub-miniature Presets 100 ohm to 1 Mohm - 5 per value £2.90 ﬁ?;f;‘i'seg?ai?::: N é’JlT;’:éy “Jg; uiﬂ?;x'ggg
PACK (5) 30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40 puts 1%‘:3;?‘/27;:9'; Q%r‘:trsn Zﬁc?u?;‘.?&f’c'a up 10
: PACK (G) 25 Red LEDs (S5Smm dia. )£1 25 in the home for switching tights, TV, closing
PACK(7) 20 BC182 NPN General Purpose Transistors £1.20 ] Sarans. etc. deal for aged or disabled
PACK (8) 20 BC212 PNP General Purpose Transistors £1.20 [| heKitcomprises a mains powered receiver, a

four button transmitier, complete with pre-
drilled box, requiring a 9V battery and ona

All full spec. branded devices

BUY ANY 5 PACKS AND WE WILL SEND YOU 10 RED LEDs

opto-isolated solid state switch kit for inter-

ELECTRONIC LOCK KIT XK101

This KIT contains a purpose designed lock €,
10-way keyboard, PCBs and all componeits
l to construct a Digital Lock, requiring a 4-kzy
sequence to open and providing over 5000
different combinations. The open sequence
may be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply: 6V to
16 V d.c. at 40uA. Quput: 750mA mex.
Hundreds of uses for doors and garages, car
anti-theft device, electronic equipment, etc.

facing the receiver to mains appliances. As |§
with all our kits, full instructions are supplied.

ONLY £23.75

Will drive most refays direct. Full instructions REMOTE CONTROL KITS
supplied MK6 SIMPLE INFRA RED TRANSMI
pp N Pulsed infra red source complete with hand-held plastic box. Requires a 3V battery £4.20
b ONLY £1 ety QKTIINTA I;‘EID b 201t M. d with h Joad: 500W
§ mechanism for with iatch R C ingle channel, range approx. ains powered with a triac output to switch Joads up to -
Elsctricllockimec N or use A LL P I S at 240V ac. £9.00 {RCBOOK —Speciat Price for MK6 and MX7 together £12.50 |
locks and above kit
£ B MK8 CODED INSFRdgoﬂE% TI:ANSPIJHTEH
| ¥ Based on the SL: the kit includes all components to make a coded transmitter and only |
13.50 E XC UDE VAT requires a 9V (PP3) battery and keyboard. 8 x 2 x 1.3cms £5.90 4

MK10 16-WAY KEYBOARD

For use with MK8 and MK18 to generate 16 different codes for decoding by the ML928 or ML326

receivar (MK12} kit. £5.40

MK11 10-Channel + 3 Analogue o/p IR Receiver

Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volume,

tone and lamp brightness. Includes its own mains supply. £12.00

MK12 16-CHANNEL IR RECEIVER 1

For use with MK8 kit with 16 on/off outputs, which with further interface circuitry, such as relays

or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out-

Rl uts — please specify when ordering. Includes its own mains supply. £11.95 |
K13 11-WAY KEYBOARD For use with MK8, MK18 and MK11 kits. £4.35

MK16 Mains Powerad IR Transmitter

 Mains powered for continuous operation — single channel, for applications such as burglar
alarms, automatic door openers, etc. Range approx. 8 ft. £2.50

MK17 12V d.c. IR RECEIVER

For use with MK& or MK 16. Relay output with DP 3 Amp change-over contacts, may be used as

Iatched, momentary or “break beam” receiver. Qperates from 6-13V d.c. £9.50

MK 18 HIGH POWER IR TRANSMITTER § d

Similar to MK8 but with range of approx. §0ft. £6.20

Angcillary Kits : MK2 Solid State Relay "

Opto-isolated with zero voltage switching. No. triac supplied. £2.60

MK15 DUAL LATCHED SOLID STATE RELAY

Comprises 2 x solid state relays and latch for use with momentary

version of the MK12. 2 output triacs required {not supplied). £4.50

24 HOUR CLOCK/APPLIANCE TIMER KIT

Switches any appliance up to 1kW
on and off at present times once per ~ CT1000K Basic Kit .....oconeiiriiinnsnncnnnn
day. Kit contains: AY-5-1230 IC.  CT1000K with white box (56/131 x 71mm}
0.5" LED display, mains supply, (ReadyBuilt) ... i i
display drivers, switches, LEDs,
triacs, PCBs and full instructions.

THE MULTI-PURPOSE TIMER HAS ARRIVED

Now you can run your central heating, lighting, hi-fi system and lots
more with just one programmable timer. At your selection it is
designed to control four mains outputs independently, switching on
and off at pre-set times over a2 7 day cycle, e.g. to contral your central
heating f{including different itching times for kends), just
connect it to your system programme and set it and forget it—the
clock will do the rest.

FEATURES INCLUDE:-

0.5" LED 12 hour display.

Day of week, am/pm and output status indicatars.

4 z2aro voltage switched mains outputs.

50/60Hz mains oparation.

Battery backup saves stored programmes and continues
time keeping during power failures. (Battery not supplied).
Display blanking during power failure to conserve battery power.
18 programmea time sets.

Powaerful “Everyday” function enabling output

to switch avery day but use only one tima set.

Useful “sleep” function—turns on output for one hour.
Diract switch control enabling output to be turned on
immediately or after a specified tima interval

20 f; ion keypad for prog

Programme verification at the touch of a button

{Kit includes all compenents, PCB, assembly %
and programming instructions). ORDER AS CT5000
SHORT FORM CATALOGUE - send SAE

FV\EE (6" x9”). We also stock Vero, Books,
ReS|stors, Capacitors, Semi-Conductors etc.

FAST SERVIGE - TOP QUALITY- LOW LOW PRICES

No curcuut |s complete without a callto-

ELE

) BOStOQVE}%aS‘f, = N
London LA\CARD Y

aelCome 01-579 2842 TECHNICAL arTer3pm
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Add 55p postage & packing +15% VAT to total.
Overseas Customers;
Add £2.50 {Europe}, £6.00 (elsewhere) for p&p.
Send S.A.E. for further ST:OCK DETAILS.
Goods by return subject to availability.

OPE 9am to 5pm (Mon to Fri}
10am to 4pm {Sat)
CALING A NORTH

UXBRIDGE ROAD

H NO1S08
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Amateur “Zlﬂl 0
will bccomc

much clearer
~after 3rd Dec.

The radio market has
become more complex. Things
have become more confused.

Wires get crossed as new
equipment floods onto the
market.

At the end of the day,
even the most avid enthusiast
spends more time trying to find
out about new equipment than
on the airwaves using it.

As for the novice?

They stand little chance of
picking anything up at all.

So we’ve decided to clear
things up.

- On December 3rd our new
magazine Ham Radio Today
begins.

Not a magazine you need
a degree in electronics to
decipher.

Or one that still calls your

gear a wireless.

Rather a magazine that
simply clarifies the vast range of
electronic gadgetry available.

Lists new equipment,
analyses its performance.

Thorough reviews, special
features, news items and
constructional projects.

In a clear and concise way
that will give everyone a perfect
5+09.

Ham Radio Today.

Tomorrow. . .tune in and
find out, 73.

Published by
Argus Specialist Publications Ltd.




CORTEX rparT3

TO DISC DRIVES MOUNTING PILLAR

SOLDER TAG
BETWEEN
TRANSISTOR
AND BUSH

FROM TRANSFORMER

SWITCH FITTED
TO BRACKET
CLIPPED ON TO
Q, W SWITCHES

I ——

WIRE LINKS |

SNIP OFF FLANGE SNIP OFF FLANGE
OF SWITCH BEFORE OF SWITCH BEFORE
FITTING BAR SPACE BAR FITTING BAR

Fig. 2 The keyboard overlay, in two halves so it doesn’t get stapled into illegibility.
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PROJECT

PARTS LIST
POWER SUPPLY D1-4,9,10 1N5402 Capacitors
Resistors (all ¥W, 5%) D5-8 1N4002 C1,2,5 220n 35 V tantalum
R1,2 10R ZD1 BCW70 5Vé6 C3,4 4u7 16 V tantalum
Cé6 4n7 ceramic

Capacitors Miscellaneous Cc7 33p ceramic
C1,7,11,15 100n polyester PCB (see Buylines); one off three way
C2-4 4700u 16 V axial connector; two off five way connectors; Semiconductors

electrolytic transformer (13.5-0-13.5 Vat 3 A, 9V IC1 7415123
C5,6,9,10, , at 4 A; fuseholder clips; four off TV5 IC2 74L508
13,14,18,19 1u0 35 V tantalum heatsinks. 1C3 7418157
C8,12 2200u 25 V axial 1C4 2376

electrolytic Q1 BC182L
C16,17 4700u 25 V axial

electrolytic KEYBOARD Miscellaneous

Resistors (all 4W, 5%) PCB (see Buylines); 67 off momentary

Semiconductors R1,2,6,8 4k7 push-to-make switches; one off latching
IC1 7805 R3 18k push-to-make switch; set of 67 double
1C2,4 7812 R4 12k shot moulded key tops; IC sockets;
IC3 7912 R5 680k switch mounting bracket; mounting
Q1,2 TIP2955 pillars etc.

R7 100k

he CAPS LOCK switch is

physically different from

the rest and is wired in
with wire links. Press this switch
into its bracket together with the Q
and W switches before fitting to the
board. It is most important that the
switches fit squarely on the board.
The best way to be sure of this is to
solder only onepin of each switch
and then holding the board, press in
turn each of the switches while
reheating the soldered joint. If any
are misaligned this will correctly
position them. The key tops can
now be pressed on and the
remaining pins soldered.

The power supply is on a single-
sided PCB with six wire links and it
is best to fit these before any
components. Connections to and
from this board are made via
connectors and to ensure that their

pins are soldered in squarely, fit the
sockets on to them during soldering.
The power supply is all on the back
panel and the power transistors use
this as a heatsink, being fitted to it
with mica insulating washers.

As well as holding the input and
output sockets, the rear panel has
provision for a cooling fan and one
should be fitted when disc drives
are used.

The disc drives pass through the
front panel and are screwed onto a
mounting plate. Plates on the sides
of the drives press against the panel,
thereby making a rigid sub-assembly
which fits into the cover of the
computer. The standard kit has a
panel with no cut-outs for disc
drives and a new panel is provided
with the drives when purchased.

There are two positions in
which the main board can be fitted.

The board has provision for a
Eurocard connector for expansion
purposes and there is a cut-out in
the side of the computer through
which the connector passes; for
external expansion the board fits at
the far right hand side. However, if
the add-on units are to be fitted
internally then the position to the
left is used.

BUYLINES

Powertran are supplying complete kits
of parts and component packs for the
Cortex. A complete 64K Cortex kit will
cost £295 plus VAT, carriage free. A
ready-built 64K Cortex will cost £395
plus VAT, carriage free. Prices for add-
ons (eg floppy discs, R$232C interface,
memory expansion etc) and for compo-
nent packs (eg PCB, semiconductors etc)
can be found in Powertran’s brochure.
Powertran Cybernetics, Portway In-
dustrial Estate, Andover, Hants SP10

2NM. Telephone 0264 64455.
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SPECIALIST ELECTRONIC COMPONENT DISTRlBUTORS
325 Edgware Road, London W2 1BN Telephone: 01-723 4242 Telex: 295441 BUSY B

1983 CATALOGUE NOW AVAILABLE

Probably the largest stock of ICs and Transistors in the South —
TRY US FIRST!

SEND LARGE SAE & 75p TO ADDRESS BELOW

= s CPS 80  Power Supply 282 342 26.24 2.10*'
rimson e 1'r| CPS 80D Dual Power Supply 2763 4.14 3177 2.5
P ower Supply .86 3.88 29.74 250
PROFESSIONAL AMPLIFIER MODULES CPS 1500 Dual Power Supply 31.65 475 36.40 2.60|
CPS 250 ' Power Supply 32.03 4.80 36.83 3.50)
CODE DESCRIPTION Less VAT INC WT CPS 250D Dual Power Supply 39.43 591 4534 3.65
VAT VAT (Kg} TS 70 Thermal Switch 70°C 192 029 221 0.02
£ £ £ HS 50 50mm Heatsink 1.60 0.24 1.84 0.151

CE 608 Power Amplifier Module 18.26 2.74 21.00 0.16 HS 100 100mm Heatsink 260 039 299 0.30|.
CE 1004  Power Amplifier Module 21.30 320 2450 0.20 HS 150 150mm Heatsink 365 05 4.20  0.45)
CE 1008 Power Amplifier Moduie 23.90 360 27.50 0.21 FM 1 Fan Mounted on 2 x HS 100 3213 4.8 369 1.20.
CE 1704 Power Amplifier Module 30.43 457 35.00 0.22 FM 2 Fan Mounted on 2 x HS 150 36.10 542 4152 1.50
CE 1708 Power Amplifier Madule 30.43 457 35.00 0.22 CPR 1X Pre-Amplifier Module 31.30 4.70 36.00 0.15)
CE 3004 Power Amplifier Module 42.60 6.40 49.00 0.40 MC 2 Moving Coil Pre-Pre-Amplifier Module  20.00 3.00 23.00 0-071
BD1 Bridge Driver Module 7.13 1.07 820 0.06 REG 1 Regulated Power Supply 8.09 1.21 930 0.07:
TR 80 Toroidal Transformer 80VA 18.00 2.76 20.70 200: | TR#6 6VA Mains Transformer 287 043 330 0.21
TR 150  Toroidal Transformer 150VA 20.07 3.01 2308 235 | X002 2 Way Crossover Module 17.39 2.61 20.00 0.07
TR 250 Toroidal TRansformer 2560VA 2543 381 29.24 3.35 X03 3 Way Crossover Module 26.09 391 30.00 0.07'
TR 250Q Toroidal Tansformer ({low noise) 33.20 4.98 38.18 2.80 MU 1 Muting Circuit for XO 2 or X0 3 8.3 125 9.60 0.04
B6 Bridge Rectifier {6 amp) 099 015 1.14 0.02! CK 1010  Complete Pre-Amplifier Kit 78.26 11.74 90.00 2.50:
812 Bridge Rectifier {12 amp} 1.80 0.27 2.07 0.03 CK 1040 Complete 40 Watt Power Amplifier Kit 103.48 15.52 119.00 .7.30|
C4700/40 Reservoir Capacitor and Clip 191 029 220 009 | CK1100 Complete 100 Watt Power Amplifier Kit 129.56 19.44 149.00 7.30
C4700/63 REservoir Capacitor and Clip 240 036 276 011 | MC2K Add On Moving Coil Kit 21.74 326 25.00 012
C4300/63 Reservoir Capacitor and Clip 260 039 299 011 | PSK ' Pre-Amplifier Power Supply Kit 17.39 261 20.00 0.75

SOLE DISTRIBUTION BRADLEY MARSHALL LTD.

325 EDGWARE ROAD, LONDON W21 BN TEL: 01 723 4242

ALL KITS

INCLUDE PCBs

includes the project — you wili need to
order the instruction reprint at an extra
45p each. PCBs included. Reprints
available separately 45p each+p&p 45p.

Full kits include printed circuit boards,
components, hardware, 1.C. sockets,
cases etc. unless stated {not batteries). If
you do not have the issue of E.T.I. which

SPECTRACOLUMN DEC 82, Less case and lights £34.85p

PLAYMATE Augu/Sept 82, less opﬂonal foot RECHARGEABLE BATTERY extra... ..£19.96
pedal + mams unit... ..£39.98  HANDCLAP SYNTHESISER Aug 81 £32.98
Case e; WAH PHASE June 81. Less pedal 14.78
DUAL LOGIC PROBE Sept82 ... LED JEWELLERY June 81. Cross.. £2.98
AUTO VOLUME CONTROL Sep Star £9.91 Spiral £7..

INSULATION TESTER May 82. £17.57 GUITAR NOTE EXPANDER April 81 ... 17.98
AUTORANGING CAPAC|TANCE METER DRUM MACHINE April 81 . 65.97
Mar/April 82 ......... ~£71.33  ENGINEERS STETHOSCOPE Mar _.£20.88
HIGH QUAL|TY PHONO AMPLIFIERS Feb 82. SOUND PRESSURE LEVEL METER

Less case ££43.98
MOVING COIL STAGE .... . INFRA RED ALARM Feb 81 £58.98
MOVING MAGNET STAGE... £18.69 4INPUT MIXER Dec80... £21.74
PEST CONTROL Feb82... e MUSICAL DOORBELL D 12.77
GUITAR TUNER .Jan 82 METRONOME Nov 80 £6.58
COMPONENT TESTER ULTRASONIC BURGI £29.50
CAR ALARM Nov 81 CAPACITANCE METER Aug 80 .. £22.28
ENLARGER TIMER CMOS LOGIC TESTER Aug 80 ... 11.98
SOUND BENDER OctB1.. CLICK ELIMINATOR April 79 £67. less case
WATCHDOG SECURITY £49.98

A\DVENTURES TH DIGITAL ELECTRONICS P

New book by Tom Duncan in the popular ‘Adventures’ series.
This book of entertaining and instructive projects is designed for hobbyists, and
students. It provides a stepping stone to the microprocessor.
The first part deals with the properties of some basic ICs used in digital electronics.
The second part gives details of how to build eight devices — shooting gallery, 2 way
traffic lights, electronic adder, computer space invaders game, etc.
For each project there is an explanation of ‘how it works’ and also suggestions for
‘things to try'.
No soldering — all circuits built on 2 Bimboard 1 breadboards.
Adventures with Digital Electronics book £3.26. Component pack £42.50 ref. ETDC.
All the components needed including 2 breadboards and hexadecimal keyboard
Available less breadboards £29.98 ref ETDF. Both less battery.

MAGENTA ELECTRONICS LTD

EW23, 135 HUNTER ST., BURTON-ON-TRENT. STAFFS
_ DE14 2ST 0283 65435. MON-FRI 9-5.-MAIL ORDER ONLY
ADD 45p P&P Prices inc. VAT

TO ALL ORDERS . OFFICIAL ORDERS WELCOME
ACCESS and BARCLAYCARD {(VISA) OVERSEAS Payment must be in sterling.
ORDERS ACCEPTED BY PHONE OR IRISH REPUBLIC and BFPC — UK

POST. PRICES EUROPE — UK PRICES+10%
SAE ALL ENQUIRIES. ELSEWHERE — Write for Quote.
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Desk-top Ten Way Manual Ex-
change {key & lamp unit)
£8+£1.80 P&P

LOW-COST, RUGGED
TEMPERATURE CONTROL

HiGH QUALITY

Recent Style P.O. Telephones
£4.75 + £1.80 P&P
2 for £9 + £2.50. 5 for £26 + £5

Older style black telephones,
£3. p&o as above. Our leaflet
explains how to use G.P.O.
phones in haome  intercom
systems.

TEMP. GAUGE 0° —120°C
Remote sensor on 38"
capillary, panel mounting
dial 55mm. dia.

ONLY £2.50

Operator's Headset with Mic. & 4 Pole
Jack
£2.75

16A 240V RANCO THERMOSTAT
Wide contro} range {low room temp. to over boiling point)
Sensor on 22" capilliary. £2.30, including control knob

RANCO THERMAL CUT-OUT100°C
15A 240V. Sensing coit on 4lin. capilliary panel
mounting with reset button £1.20

BUY ONE EACH OF ABOVE FOR £5.50 °

LIGHT DEPENDENT RESISTORS in plastic_housing
with window, heavy-duty lead. Similar to ORP 61.
You normally pay well over double for resistor alone.
Only 30p or £2.35 for 10,

GEARED Synchronous motor, 8 r.p.m., 240V A.C. 3
Watt £2.
- SOLENOID GAS VALVE. 240V A.C. 5 P.S.1. surtable
for non-corrosive fluids. £2,20

BULGIN 3 pin free plug & panel socketr, 2A 240V
50p
AUTOMATIC DIAL UNIT. (mains powered). Tnese
units connect into a telephore and dial a number when

a punch-card is inserted. Card & instructions supplied.
Cards readily available. Many uses. Only £8+£1 p&p

S Digit Counters 48V coil. Non
resetable 75p

UNISELECTORS. 50v, 4 Bank
+ Homing Bank, 25 way £3.50

D CONNECTOR SOCKETS
with cover, 50 way £2

50V 8A TRANSFORMER.
Ideal for big power supply unit
or amplifier £12 inc. pé&p.
BEAT THAT!

Various stabilised power
supplies available — Excelient
prices send for details.

i FREE on request — Leaflet
“’D.l.Y. Telephone Systems and
Automatic Exchange Design’

 L.E.M. SERVICES ADD 50p P&P
22 Emscote Road, ORDERS OVER
Warwick, £7.50 POST FREE

Warwickshire
ALL ITEMS — MONEY BACK IF NOT DELIGHTED.

uniess stated otherwise
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Now you can indulge your ambition to spend more
time playing music. At the same time you can build a
superb organ at home, yourself, and it will cost you
less than half the ready assembled price. You need no
previous experience in electronics or carpentry —
WERSI makes it easy.

Do you have to be a virtuoso or a music lover to
benefit from building a WERSI organ? No . . . this
would mean failure to recognize the
sense of the hobby. Even after your
project is completed you will be able
to discover new excitement from the
world of music. Whether you play
haunting blues stomping disco,
liturgical hymns or classic renditions
the new generation of WERSI organs
will make your life more enjoyable.
Want to know more? Just fill in the
coupon below, and we’ll send you all
the information.

, Purley, Surrey

e e . ot e e )

I PLEASE SEND ME'FURTHER DETAILS OF THE WERSI RANGE
4-15 Royal Oak Centre, Brighton Road.

I Send to WERSI ORGANS & PIANOS LTD.,

ORGANS & PIANOS | 2
WERSI ORGANS & PIANOS LTD I oo
14-15 Royal Qak Centre, Brighton Road, = Aa
Purley, Surrey. Tel: 01-668 9733. I = g yl

ETI JANUARY 1983

There are now TEN retail cutlets for WERSI ORGANS and
kits and there’s a friendly welcome awaiting you at all the
showrooms listed below. We offer free demonstrations and
a technical support service second to none. Pop in and
discover The World of WERSI for YOURSELF.,

1 AURA SOUNDS LTD
14-15 Royal Oak Centre, Brighton Road, Puriey, Surrey §1-668 8733
2 AURA SOUNDS LTD
17 Upper Charter Arcade, Barnsley, 8. Yorks. 0226 5248
3 AURA SOUNDS LTD .
1729 Coventry Road, South Yardiey, Birmingham 021-797 8244
4 ELECTRO VOICE SALES LTD
Maple Cross Industrial Estate, Denh
Herts. Tel. Rickmansworth 75381
5 ELECTRO VOICE SALES LTD
388 Aspley Lane, Nottingham 0602 266311
8 ELECTRO VOICE SALES LTD
486 Felixstowe Road, Ipswich, Suffolk 0473 710051
7 ELECTRO VOICE SALES LTD
626 Lanark Road, Juniper Green, Edinburgh 14 031-441 4248
8 MICROC DIY CENTRE LTD
Albany Road, Newquay, Cornwall 063 73 5953

.9 TWSLTD
185 Walton Summit Centre, Bamber Bridge, Preston, Lancs.
0772 37249

16 WAVEBAND LTD :
29 Oxford Street, Whitstable, Kent 0227 262006

Want to know more about WERSI? Look for the other
advertisement in this issue and send the coupon to the
Head Office address below—we’ll send you free details.

Way, Rick worth,

ORNGANS & PIANOS
WERSI ORGANS & PIANOS LTD

. 14-15 Roya! Oak Centre, Brighton Read,
Purley, Surrey. Tel: 01-668 9733

45



FUEL GAUGE

Moving coil meters? How passé. If Ford is

prepared to spend millions of pounds on
computer-aided design and robot

assembly, the least you can do is fit your =

car with an electronic fuel gauge. Design

by A. M. Smithers.

he standard petrol gauge, as
I fitted to most cars, is of a

primitive ‘hot-wire’ design, the
gauge responding to the heating
effect of the current through it,
which in turn varies with the
resistance of the fuel gauge sender
unit located in the fuel tank. The
chief disadvantage of such a gauge
is the inaccuracy of reading.
Running out of petrol is
advantageous only in certain
circumstances and even then it
would be nice to know exactly
when it was going to occur!

A far more elegant, and indeed,
much prettier solution would be a
bargraph type display which could
be accurately calibrated. With the
help of the LM3914 bargraph
display driver this can easily be
effected. The standard sender unit
in the tank is retained, but the
petrol gauge is disconnected at the
instrument panel and the sender
unit is, instead, connected to the
input. R2 provides the current
source for the sender unit
previously obtained from the gauge
itself. Please note that considerable
adjustment is provided on the
circuit resulting in the value of R2
and, indeed, the resistance of the
sender unit being not at all critical.

The voltage developed across
the sender unit of the car in which
the prototype was fitted varied from
around 10V when empty to around
2V when full. A 741 operational
amplifier is used to invert this signal
by comparing it with a 5V reference
provided by R4 and R5. The output
of the op-amp varies from about
0V5 when the tank is empty to
about 8V when it is full. This output
is now of the correct sense to be
fed to a standard LM3914 expanded
scale voltmeter. The potential
divider formed by R7 and PR1
provides a full scale adjustment
which may be calibrated against a
brimming full petrol tank. Similarly
PR2 provides a zero adjustment for
calibration against an empty tank.

46

Construction

The circuit is relatively simple
and may be constructed on
Veroboard or the PCB design as
illustrated. IC sockets are
recommended, particularly to
novice constructors, as LM3914s do
not come cheap and removing an
18-pin IC is no easy task in any
case. The LEDs may be soldered
directly to the board as shown or
may be mounted remotely, for
instance on the car dashboard with
flying lead connections to the PCB.
If mounting the LEDs on the board
specified, please note that 0.125”
LEDs must be used as 0.2” types
will not fit!

R2, the 100R 2 W resistor is not
of a critical value and to save costs,
on the prototype this component -
was made up of 4x470R W
resistors in parallel. Any similar
combination resulting in a power
handling of TW5 or more may be
used.

Provision is made on the PCB
for converting the circuit to dot-
mode display. Although this
modification would not be
advantageous for a fuel gauge, the
project can of course be used for

RO RRg

HOW IT WORKS.

| vehicle this voltage will vary from 2V
| when full to around 9V when empty.

A current source for the fuel gauge
sender unit is provided by R2. A voltage
proportional to the resistance of the
sender is therefore developed between
the input and ground. In a typical

This variable input is inverted around a
reference voltage derived from R4 and
R5 by a unity gain inverter consisting of
IC1, R3 and R6. C1 is deliberately larger
than is normal for frequency
compensation to slow down the
response of the circuit, thus providing a
far more static display, free from
annoying flicker. A variable potential
divider formed by R7 and PR1 sets the
FSD of the LM3914 bargraph display
driver.

PR2 serves two purposes: the setting
of this pot adjusts the zero level of the
voltmeter, while the value sets the LED
current. A value of 2k2 was chosen to
given an LED current of around 7 mA ac-
cording to the formula:

| 1.2 (10+R)

LED ™ R
where Ris the value of PR2 in kilohms. A
current of 6 mA per LED with all LEDS il-
luminated corresponds to a maximum
dissipation in 1C2 of around 600 mW
which is inside the rated maximum of
660 mW,

The components ZD1, R1 and Q1
form a simple stabilised power supply of
around 10V. This value allows for a
weak battery while still maintaining !
accuracy. :

+t2v

a1

FROM
IGNITION

R1
1k0

R2
100R R4
2w 10k
{SEE TEXT)

INPUT R3

F
FUEL O
SENDER

1

I3 LED1-10
1 X

D

4

c2

/J; 22u

8!

F3 EI I
1%7 I G

1c2

s

o
-
[

UNIT 1

<
35§
10k
NOTE:
IC1 18741
1C2 1S LM3914
Q1 1S BFY51
ZD11S 10V 400mW ZENER
LED1-10 ARE 0.125""
RED LEDS

%

L

2
6 1 X

;

PR2 | \
242 4

T

Fig. 1

Qov
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any purpose requiring a monitor
with a response that is inversely
proportional to a linear input.

Testing And Calibration

After assembly of all
components, connect the unit to a
12V supply and short the input
terminal temporarily to OV. It
should be now possible by
adjustment of PR1 to obtain a full
10 LED display with adjustment to
at least half FSD. With the input
shorted to +10V PR2 should adjust
for no LEDs illuminated, again with
considerable adjustment both ways.
If the unit fails to function check for
solder shorts, misfitted components,
broken PCB tracks and faulty
components — in that order.

To calibrate the unit it is
obviously necessary to have access
to the car with fuel tank full and
empty; we recommend that the
following procedure is adopted. Run
the car until the tank is nearing
empty. Drain the tank into a
suitable container by disconnecting
the fuel line at the pump and refill
the tank with about 2-3 pints of fuel
to allow a certain safety margin
even when the gauge registers
empty. Connect the unit temporarily
to the car and after allowing the
tank contents to settle, accurately
measure the voltage at the input
and record this value. Replace the
tank contents, drive to a garage and
fill the tank completely with fuel,
Again accurately measure the
voltage at the input.

Remove the unit to the test
bench, apply power and connect a
low value potentiometer between
the input and ground. Now using
the recorded values, the unit may
be calibrated on the bench by
applying the correct voltages by
adjustment of the potentiometer,
This method of calibration is
necessary because the two
adjustments are highly interactive
and calibration would otherwise
entail filling and draining the fuel
tank several times, which would be
time-consuming and possibly
expensive. When calibration is
complete, seal the presets with wax
or nail varnish and finally install the
unit in the car. Take care not to
allow the track around the edge of
the PCB touch the chassis when
mounting the unit — this is the
+10V rail and blown fuses will
result. '

The display brightness is set by
the value of PR2. This value is
chosen to give a current of about
6 mA per LED which corresponds to
a dissipation of around 600 mW in
the LM3914 when all LEDs are

ETFJANUARY 1983

INPUT FROM
+12V FROM FUEL
IGNITION SENDER
SWITCH SWITCH

0V (CHASSIS)

Fig. 2 (Above) Component overlay.
This is slightly altered from the
prototype shown.

Fig. 3 (Below) Connection details for
the unit.

o +12V FROM
IGNITION
EXISTING ELECTRONIC
FUEL FUEL GAUGE
GAUGE
ov
BREAK
CONNECTION |
INPUT
L9 +12v
TO FUEL CONNECT
SENDER UNIT TO CHASSIS

illuminated. As the maximum
allowable dissipation of the device
is 660 MW, on no account should
the value of PR2 be reduced.

A design point is that the
display is of 10 LEDs and most >
modern cars have tank capacities of

-around 10 gallons. Thus an

approximate direct readout of
‘gallons remaining’ is obtained and
a fair estimation of fuel
consumption may be made.

BT

i,

A SRR T AR o

R A RGN

PARTS LIST :

‘| Miscellaneous

Resistors (all 1W, 5% except where
stated)

R1 1k0

R2 100R 2 W (see text)

R3-7 10k

Potentiometers

PR1 10k miniature horizontal
preset

PR2 2k2 miniature horizontal
preset

Capacitors

C1 100n polyester or
polycarbonate

C2 22u 16V tantalum

Semiconductors

IC1 741

IC2 iM3914

Q1 BFY51 or similar

ZD1 10V 400 mW zener

LED1-10 0.125” red LEDs

PCB (see

Buylines); hardware for
mounting .

BUYLINES______

No problems with any of the com-

ponents here; everything should be sold
by everybody, and most of it could be ||
found in your junk box. The PCB can be
obtained using the PCB Service order
form on page 91.
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16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound...
high-resolution

graphics...
From only

£125!

First, there was the world-beating

Sinclair ZX80. The first personal computer -

forunder £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to.make
Sinclairworld leaders in personal
computing. And the ZX81 remains the
ideal iow-cost introduction to computing.

Now there's the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And alow price that's
unrivalled.

Professional power-
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access toarange of 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate datafiles. '

You have a choice of storage capa-
cities (governed by the amount of RAM),
16K of RAM (which you can uprate later
1o 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
is an amazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
foran upgrade. The cost? Around £60.
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‘Ready to use today,

easy to expand tomorrow

Your ZX Spectrum comes with amains
adaptorand all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whetheryou're a beginner oracompetent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'li quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There’s no need to stop there. The
ZX Printer—available now— is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
pius an R8232 /network interface board.

MAGENTA
TRUE VIDEO
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BRIGHT

| @ Full colour—8 colours each for

o Teletext-compatible —user software

@ High speed LOAD & SAVE-16Kin100 |

@ Sinclair16K extended BASIC -

Key features of the
Sinclair ZX Spectrum

foreground, background and border,
plus flashing and brightness-intensity
control.

@ Sound-BEEP command with variabie
pitch and duration.

@ Massive RAM-16K or 48K.

@ Full-size moving-key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

@ High-resolution-256 dots
horizontally x 192 vertically, each
individually addressable for true high-
resolution graphics.

® ASCIi character set-with upper-and
lower-case characters.

can generate 40 characters perline
or other settings.

seconds via cassette, with VERIFY& |
MERGE for programs and separate |
datafiles.

incorporating unique ‘one-touch’ :
keyword entry, syntax check, and 5
report codes. l




ZX Spectrum software on
cassettes —available now

The first 21 software cassettes are
now available directly from Sinclair,
Produced by ICL and Psion, subjects
include games, education, and business/
household management. Galactic
Invasion...Flight Simulation...Chess...
History...Inventions...VU-CALC...VU-3D
...47 programs in all. There’s something
for everyone, and they all make full use
of the Spectrum’s colour, sound and
graphics capabilities. You'll receive a
detailed catalogue with your Spectrum.

RS232/network
interface board

This interface, available iater this
year, will enable you to connect your
ZX Spectrum to a whole host of printers,
terminals and other computers.

The potential is enormous. And the
astonishingly low price of only £20is
possible only because the operating
systems are already designed into the
ROM.

=i

Sinclair Research Ltd, Stanhope Road,
Camberley, Surrey GU15 3PS.
Tel: Camberley (0276) 685311.

The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCll character set-including lower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly what is on the whole TV
screen without the need for further -
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
perline and 9 lines per verticalinch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive -
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using a single inter-
changeable microfloppy.

The transfer rate is 16K bytes per
second, with average access time 0f 3.5
seconds. And you'll be able to connect up
to 8ZXMicrodrives to your ZX Spectrum.

All the BASIC commands required for
the Microdrives are included anthe
Spectrum.

Aremarkable breakthrough ata .
remarkable price. The Microdrives are
available iater this year, for around £50.

How to order your ZX Spéctrum

BY PHONE~-Access, Barclaycard or

Trustcard holders can call 01-200 0200 for :

personal attention 24 hours a day, every
day. BY FREEPOST ~use the no-stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.
EITHER WAY-please allow up to 28

~ days for delivery. And there's a 14-day

money-back option, of course. We want
you to be satisfied beyond doubt-and we
have no doubt that you will be.

l—'l-'o: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5 3BR. Order—l
| oty item Code Item sPrice Tostal [
I .. __Sinclair ZX Spectrum-16K RAM version 100 125.00 I
| Sinclair ZX Spectrum-48KRAMversion 101 175.00 |
I Sinclair ZX Printer 27 59.95 I
Printer paper (pack of 5rolls) 16 11.95
I Postage and packing: orders under £100 28 295 |
I orders over £100 29 495 I
Total £
I PleasetickifyourequireaVATreceiptD l
] *I enclose a cheque/postal order payable to Sinclair Research Ltd for £ }
I *Please charge to my Access/Barclaycard/Trustcard account no. ’ l
*Please delete/complete L Lol b L0
l asapplicable ‘ ‘ ,
, |Signature ) | l
PLEASE PRINT
l [Name:Mr/Mrs/Miss | | | | | | | | S O S0 T O O I
l |Address | | | | | TS B S S O O O R B R e ]
ILII,I‘};!flli|I~_Ll}lllli|i!l.|li|
IL’iﬁl O T O O N A R A A R IEngowlf

l FREEPOST-no stampneeded. Prices applytoUKonly. Export prices on application. '
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MEMOPAK IGK For those just setting out on the road to

real computing, this pack transforms the ZX81 from a toy to a
powerful computer. Data storage, extended programming and
complex displays become feasible.

For even greater capacity, memory packs can be added
together (16 + 16 + 16K or 16 + 32K). The MEMOPAK 32K and
the MEMOPAK 64K offer large memories at economical prices.

MEMOPAK HHG This pack breaks down the constraints

imposed by operating at the ZX81 character level and allows
high definition displays to be generated. All 248 x 192
individual pixels can be controlled using simple commands,
and the built in software enables the user to work interactively
at the dot, line, character, block and page levels. Scrolling,
flashing and animation are all here.

MEM"PAK Gemmniﬂs I/F The BASIC commands

LPRINT, LLIST and COPY are used to print on any
CENTRONICS type printer. All ASCII characters are generated
and translation takes place automatically within the pack.
Reverse capitals give lower case. Additional facilities allow high
resolution printing. The full capabilities of your printer are now
under the control of the ZX81.

MEMOGALG The screen display behaves as a ‘window’

on a large sheet of paper on which a table of numbers is laid
out. The maximum size of the table is determined by the
memory capacity, and with a MEMOPAK 64K a table of up to
7000 numbers with up to 250 rows or 99 columns can be
specified. Each location in the table can be either a number
which is keyed in or a formula which generates a number.
Every time the command to ‘calculate’ is given, all the
formulae in the table are re-evaluated.
——— Spreadsheet analysis started as an
- aid to cash-flow analysis, but this
powerful tool has now been
generalised and MEMOCALC with
its special ability to perform

T iterative calculations is invaluable
A VTN in the performance of numerical
Bt tasks.
- 16K £26.00 + £3.90 VAT £29.90
- 32K £43.43 + £6.52 VAT £49.95
64K £68.70 + £10.30 VAT £79.00
HRG £34.70 + £5.20 VAT £39.90
3 CI/F £34.70 + £5.20 VAT £39.90
0 MEMOCALC £26.00 + £3.90 VAT £29.90
e KEYBOARD WITH INTERFACE
a : £43.43 + £6.52 VAT £49.95
- Memotech products are available at larger branches of WHSMITH




realises the ZX81 potentia

The Memotech approach to microcomputing is to take the well-proven and popular ZX81 as the heart
of a modular system. This small computer houses the powerful Z80A processing unit and acts as the
central processor module through which the MEMOPAKS operate.

Memotech has a reputation for professional quality, producing units which are designed to fit
perfectly, to look well-balanced, and to work efficiently and reliably.

The modular approach gives ZX81 owners the freedom to design the system they really need.
Furthermore, the intercompatibility of the modules ensures that later additions will click straight in,
to give you a system that grows with your ambitions and abilities.

To ensure that your expectations are realised, care is taken at every stage to design features into the .
system to anticipate your frustrations and to forestall them. For example: '

A) Memories are cumulative e.g. 16K and 32K can be added to the MEMOPAK 16K or even to the
Sinclair 16K RAM pack.

B) The HRG firmware allows commonly used constructions {such as scrolling, shading and labelling
graphs), which might otherwise be beyond the user’s programming capabilities, to be evoked by a
few simple commands.

C) The Centronics I/F converts ZX81 character codes into ASCll and extends the print line to the width
of the printer, still using the LLIST, LPRINT and COPY commands.

As one example, a system with 16K of memory and MEMOCALC is all that is required to perform
sophisticated numerical calculations giving the same results as a computer at 10 times the price. The
problem may be as complicated as a cash flow or production schedule, or as simple as household
accounts or pocket money budgeting. If the bank manager wants to see the cash flow, then a single
print instruction to the Centronics I/F will give a printout which is more than acceptable to any bank.

The example system which is shown below, on the other hand, would satisfy the needs of someone
who wanted to enter data via a light-touch keyboard, construct and label graphs, and then copy the
screen to an 80-column printer. Only 16K of memory is used here but with additional memory, more
than one video page can be stored. Up to 7 successive pages can be displayed cyclicly to give
animated displays.

Looking forward, Memotech will continue to back the ZX81 through 1983 with fast storage devices,
pressure sensitive electronic drawing boards and more software packs including a wordprocessor, an
RS232 interface and a Z80 assembler.

MEMOPAKS may be ordered by post (cheque, Access/Barclaycard quoting number) or by teiephone.
Please make cheques payable to Memotech Ltd. and please include £2.00 per unit for packaging and
postage inland (overseas £3.00).
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We want to be sure you are satisfied with
your Memopak - so we offer a 14-day money /
back guarantee on all our products.

MEMOTECH LIMITED

3 COLLINS STREET
OXFORD OX4 1XL ENGLAND

TEL. 0865 722102 f N
TELEX 837220 ORCHID G |
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BUYER’S GUIDE TO

CONQUERING
THE UNIVERSE

Only a few shopping days to Christmas, and we’re full of |
goodwill to all men and xenophobia towards aliens. Peter Green
has been killing as many as possible (aliens, that is), and this is

how he got on.

No doubt you all think it’s a pretty cushy job, playing

video games day after day and getting paid for it

too. That's because ydu’re not sitting here trying to
type this article with the twin ailments of Intellivision
Thumb and Atari Cramp. The former is caused by
excessive pressure on the direction disc through -sheer
panic when you’re trapped by a falling boulder in
Astrosmash. The second is the result of trying to keep a
firm grip on the joystick while throwing the USS Enterprise
all over the known universe.

Which brings me to my first complaint. Oh great video
game companies, when are you going to produce a
decent hand controller? The offerings of the two giants
leave a ot to be desired. The Atari controller needs a lot of
force on the joystick if you’re to be certain you’ve closed
the switches, and as a result the left hand which is gripping
the controller base starts to go numb quite quickly:
especially when you have to tighten your hold because
you're starting to sweat and lose your grip. On the
Intellivision the flat direction disc is, | think, a lot easier to
use (although there are many in the office who'd dispute
that), but ! still find that in the excitement of a game I'm
pressing too hard, which quickly makes the end of the
thumb sore. | suppose the real answer is to cultivate a
calm attitude during play, but this is almost impossible
(maybe we should produce a book on Zen and the Art of
Videogames!).

By far the worst problem with the Intellivision is the
fire buttons on the sides of the Controller. These need a
ridiculous amount of pressure to push them in, which isn’t
so bad when they have to be momentarily pressed; but in
one game which required continuous pressure for rapid
firing, | ended up dead because my hand simply couldn’t
grip the controller any longer. So loosen your springs,
gentlemen!

The next problem was actually getting hold of
anything to review! At this time of year it seems everyone
has the same idea, and time after time | was told by the PR
companies that they had nothing for me because
everything was out on loan and none of the journalists
would return it. This explains the lack of reviews for the
Atari VCS in particular, and as for the Philips G7000 — |
never managed to lay my hands on one.

Maybe [ should propose a new video game in which a
screenful of journalists acquire video games and when
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they’ve had them for a certain length of time you can blast
them with a 30 kW X-ray laser . . .

Eventually | managed to get a reasonable selection
together, though, and play-testing began. It became
apparent that there are three broad categories of game:
ones where you have to kill an infinite series of strange
things and get the highest number of points, those where
you have to kill a finite number of strange things in the
fastest possible time, and those that simulate some real
human activity. The success or failure of any of these types
depends mostly on how well the designer has struck the
balance between challenge and skill level. If a game is so
easy you can master it after playing it once, it's a bad
game; so, too, is one that kills you off within 30 seconds no
matter how much you practise. The ideal game is fairly
easy at the lower levels but increases in difficulty at just the
right pace to keep step with your increasing familiarity
with it. It should be possible to play it again and again and
always find that extra challenge that brings you back for
more: unfortunately few games can achieve this.

One of the best guides to the success of the game, |
found, was the number of people that started looking over
my shoulder while | was playing, and how many of them
fought to take my place when 1 went to the loo! There are
a lot of dedicated gamers in our office and the highest
scores that we give are not necessarily mine (in fact they're
rarely mine!).

Star Raiders (Atari 400)

This is one of the best Star Trek simulations you can
buy. The TV shows the view through the viewscreen of the
Enterprise, with stars drifting past very realistically, and an
array of readouts at the bottom giving co-ordinates, energy
left, number of kills and so on. The joystick is used to steer
the ship and aim and fire the photon torpedoes, while the
keyboard gives functions such as forward and aft view,
shields on/off, long range scan, galactic chart, attack
computer on and hyperspace controls. Basically the idea
is to protect your starbases by locating your enemy (and
there’s a lot of them) on the galactic chart, travelling to
their location by hyperspace (a spectacular effect as you
storm through the starfield) and kill all the aliens you find
there. Simple, huh? Until you discover that the controls
work as they would in real life so that when the joystick is
pushed forward the ship’s bow drops and the view
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through the screen rolls up. Ditto left and right
movements. This topsy-turvy system takes a bit of getting
used to, and the only course is to stick at it until your brain
finally clicks. Once you get the knack of steering you still
have to cope with the fact that your photon torpedoes
move with true perspective and dwindle in size, so aiming
is an acquired art too. Mastering all this is quite satisfying,
but once you've beaten the basic game and try to move up
you find that the difficulty leaps enormously: your shields
are no longer impervious, you quickly take a lot of damage
and die fairly rapidly. This assumes you actually found any
aliens in the first place, because on the higher levels you
have to steer through hyperspace and this is damned
difficult. No-one in the office has beaten this game on
anything other than novice level, and our highest rating so
far is Lieutenant Class 4.
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Missle Command (Atari 400)

Another cracker for the 400, this is the one where a
central missile base is trying to defend the cities on either
side by shooting down the aircraft, satellites and nuclear
warheads which are doing their best to decimate the
landscape. The catch is that you have to position your
target cursor just the right distance in front of the enemy
because they only detonate if they fly into the explosion of
your missile and it takes a finite time for your missile to
reach its target. And don’t miss — most of the warheads
are Multiple Independent Re-entry Vehicles, so if you
don’t knock them out fast you suddenly find they split into
half-a-dozen or so. Bonus points are awarded each time
'you clear the screen for cities saved and missiles not used,
and the amount you score increases as the game
progresses, but after a certain point the nasty smart bombs
appear. These don't fly blindly into your fireballs, but will
always dodge them if possible. This means you either have
to lay a pattern of charges around them, or get good
enough to hit them spot on. Tricky. Our maximum is
74,420, and we can recommend this as a good game.
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Space Invaders (Various)

Here | have to admit that I've never been able to
understand the runaway success of this game — it bores
me rigid. Anyway, what can | say? Everyone’s seen this
and knows that there’s a screenful of aliens who fly in
gradually descending rows while you try to stop them
doing same by shooting upwards with your laser.
Whoopee. Since | can’t get up the enthusiasm to practise
this one my score is derisory, but my brother-in-law’s sister
is so good she can get the score on a VCS up to all nines
and then clock it round to zeroes. It's safe to say that:if you
can manage that you're not doing too badly.

“Defender (BBC Model B)

Possibly the best simulation of an arcade game on a

‘micro that we’ve seen yet. Full colour, excellent high-

resolution graphics, all the sound effects you could ask for
and a fast, challenging game. Acornsoft have definitely
come up with the goods on this one. The game follows the
standard Defender format: your spaceship is flying over
the surface of a planet populated by little men who are
prone to being kidnapped by alien landers. Your task is to
prevent this antisocial behaviour by lasering the alien ships
before, during but not after — because if they complete
their task by reaching the top of the screen, they turn into
very fast mutants which plough straight into you. Extra
points are awarded if you can rescue a human in mid-air,
and even more if you land him safely. Once you've
cleared the first wave things turn progressively nastier,
with bombers, pods, swarmers and other whatsits all after
your blood. This is when you really need your smart
bombs, which instantly detonate everything on screen:
very useful in a tight corner. There are seven control keys
for various functions so just getting yourself co-ordinated
takes a while, but it's worth persevering. | started out by
getting maximum scores of 450 (by ramming three
landers!) but after a couple of hours | was soon getting
respectable totals. Current office maximum resides with a
colleague on Personal Computing Today, who racked up
54,350.
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The Empire Strikes Back (Atari VCS)

This is one of the new releases for Christmas from
Parker and quite good it is too. The game recreates the
battle from the film of the same name, ‘in which Luke
Skywalker and his pals take on the Imperial Walkers in
their snowspeeders on the ice planet Hoth. You are the
pilot of a snowspeeder trying to prevent a line of walkers
from reaching the right-hand side of your TV. The action
actually takes place over an area eight screens wide, and a
small radar view at the bottom of the screen tells you
exactly where you are in the larger scheme of things.
Walkers are tough critters — you have to hit them 48 times
in the body to destroy them, whereas they can take you
out with five shots or fewer. This would make the game
almost impossible but for two things. The first is that for
every two minutes you can keep the snowspeeder alive,
you get 20 seconds of the Force being with you, which
makes you invincible; as soon as this happens you can just
sit there blasting away and ignoring enemy missiles. The
second thing is the occasional appearance of very small
‘bomb hatches’ on the body of the walker; if you can get a
laser bolt into one it destroys the walker immediately. The
bad news is that if you play the harder games, these bomb
hatches will often launch homing smart bombs which
chase you for a considerable time (of course there’s bonus
points in it if you can shoot them down). There’s an
infinite sequence of walkers, and they get faster and more
accurate as time goes on, so this game ends when your last
snowspeeder has been destroyed, the object being to
score as highly as possible. On game 13, the hardest (smart
bombs and solid walkers that destroy you if you fly into
them), the current maximum is 5,562.

Yar’s Revenge (Atari VCS)

Now most of the time you can play a video game and
when someone asks what you're doing, you can give a
coherent answer. But when you reply that you’re a Yar
who's trying to kill the deadly Qotile with your Zorlon
cannon, you tend to get forehead-tapping and pitying
looks. Well, ignore the infantile plot and concentrate on
the game: which isn’'t one of the most gripping we’ve
played. You’re a sort of intelligent space-going housefly
(stop laughing at the back there) and your enemy, the
Qotile, is hiding behind a shield. Your job is to break
through the shield, either by shooting out cells from a
distance or getting in close and eating them. Eating a cell
or touching the Qotile loads your Zorlon cannon, which is
the only thing which will destroy the Qotile (tough things,
Qotiles). Shoot through the gap in the shield and pow! Exit
one Qotile and enter another. To give some added spice
the Qotile periodically turns into a spinner and fires itself

I S B

§ AR IEATEIR 11

ik B

across the TV at you. Possibly a good game for the kids but
it won't keep you engrossed for long. Qur maximum score
on the normal game with maximum difficult setting was
116,923. if you're interested, Yar's Revenge is the second
ggme from the right on the top row at the end of Atari's TV
ad. :

Starstrike (lntellivisioh)

Now you’ve all seen this one — it’s in the Mattel TV
adverts. it doesn’t take too much intelligence to figure out
that this is meant to be as close to the Death Star canyon
sequence from Star Wars as Mattel can get without
breaching the copyright laws. Your ship is flying above a
trench (actually your ship stays stationery and the trench
rotates beneath you). You can manoeuvre about but you
have to be careful not to hit any part of the enemy space
station or the game’s over. You can judge your position
and height by the shadow under your caraft. The score
starts at 8000: it decreases steadily as time goes on and
increases every time you shoot Jown the enemy ships
which fly down the trench at you. The object of the game
is to successfully bomb the five red targets that appear
over the horizon and pass beneath your ship (if you
haven’t got out of position by chasing aliens}. Get killed or
fail to hit all five targets before your score reaches zero and
it’s bye-bye Earth — the red thingies take off and decimate
the ol home planet. The idea isn’t bad, but the balance of
the game could do with a bit of work: it’'s too easy to beat
on the lowest level and too fast to beat at the higher ones.
Our maximum — 6462 on level 1. There’s a good video
game lurking in the Death Star sequence, but this isn’t it.

Astrosmash (Intellivision)

Superficially this seems almost identical to Space
Invaders, and yet | found it a lot more to my liking. You
have a laser base at the bottom of the screen which you
can move right and left, and which fires upwards at all
sorts of space debris which is dropping out of the skies
towards you. Every time you hit an object, it explodes (and
if you're lucky it detonates another piece which was flying
too close): every time an object hits the ground, you lose
points. Now and again large or small white ‘spinners’ start
falling — you must hit these or you lose a base when they
land. As your score goes up you can score points faster,
but the action speeds up and you then get guided missiles
which home in on your laser and attack UFOs which fly
across the screen lobbing huge bombs at you. The main
trick with this game is to get a good rapid-firing technique
established, but as pointed out earlier, the stiffness of the
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Mattel push-buttons gets you cramped very quickly. At
least Mattel have had the decency to provide a pause
facility on this game, so you can loosen up your fingers
before carrying on. As is usual in games of this type, the
various scoring levels are indicated by the background
changing colour and some of them make the targets a bit
harder to see; I'm not sure if this is deliberate obstruction
or not! Not a bad game at all, and worth trying to beat our
maximum of 23,190.

Skiing (Intellivision)

Not a bad little simulation, this, though if 1 were
programming it | think I’d alter the rates of acceleration
and deceleration which seemed a bit exaggerated to me.
There’s a choice of two courses, downhill or slalom, 15
degrees of mountain slope, and up to six different skiers so
you can make it a team event with your friends. The
difference between the two courses is that the downhill
course is designed for speed, with a fair distance between
gates (and mounds of snow to jump over), while the
slalom requires some precision skiing with tight turns
(which were a bit beyond my abilitiest). The game is
improved immensely by the excellent detail of the skiers
(Mattel have always been best at this aspect of graphics)
and by the sound effects, which include realistic thumps
as you collide with the trees and a cheering crowd as you
pass the finish line. Unfortunately | didn’t seem to be able
to complete the course in less than a minute (best time was
64.6 seconds, making me a hot-dogger), but I'll keep
trying. Now where’s that wax . . .2

SNAFU (Intellivision)

Peculiar name for a game (especially if you know what
it stands for — and we can’t print it here), but quite good
fun to play. There are four snakes on the screen, two
controlled by the computer and two which can be steered
using the hand controllers. There are various types of
game based on two basic ideas: trap games and bite
games. In the former the trail grows continuously so that a
complex maze develops on the screen, and the object is to
force your opponents to trap themselves and crash into a
wall. The other type involves snakes of a finite length, the
trick being to run your head over your opponent’s tail and
gradually eat him away. Some permutations allow the
possibility of diagonal movement, some have obstacles
which must be avoided. Once the number of snakes on
the screen has been reduced to two, the computer takes it
upon itself to play one of two rather catchy little tunes, just
to make things a bit more entertaining. There’s no score of
ours to beat, since all the games involve you against an
olpponent. A good game when you're fed up with killing
aliens.

Utopia (Intellivision) .

Now here’s an unusual one: this is a sort of graphics-
based version of Kingdoms, where you rule an island
community and score points by maximising the well-being
of your people. Tyrants need not apply. You can play
against an opponent, who takes the other island, or simply
try to beat your previous best score. As head of the
Treasury you can decide whether to buy fishing boats or
PT vessels, crops, houses, schools, factories, forts, or
hospitals: you decide whether to co-operate with your
neighbour or wage war on him. Natural hazards include
storms and hurricanes: unnatural hazards include pirate
ships who sink your fishing vessels. The game consists of a
number of rounds from 30 seconds to 2 minutes, after
which you are told how many points you scored, how
much your population has increased (or decreased), and
the amount of gold in the treasury. 1 liked it.
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Dungeons And Dragons (Intellivision)

This is great! I've always been a fantasy lover and this
is a really different type of computer game. Set off across
the mountainous terrain towards Cloud Mountain, with
the ominous snoring of the fearsome Winged Dragons in
the background as they wait for their next meal — you.
Plan your route carefully, as some mountains are
impassable while the rest have caves containing arrows,
tools, and fierce monsters to guard them. The caves and
tunnels only light up as you pass along them so you have
to become adept at tracking your prey. Some monsters
leave visual clues to their presence (though what | thought
were dragon droppings turned out to be something else)
and some can be heard as you approach. it's up to you to
learn the various signs and strengths of the foe, because
the manual won't help you: in-fact it was a long time
before | realised what made the spiders dangerous. If you
can keep at least one of your three men alive to the end,
you get to find the two halves of the Crown of Kings,
although when you do the finale is something of an
anticlimax. There are four skill levels, sightseer, weekend
adventurer, seasoned adventurer and hero, and | finally
managed to reach hero, despite the incredible speed of
the baddies and the paucity of arrows on this level. Who is
this Conan chap anyway? One of Mattel’s better games.

Tron — Deadly Discs (Intellivision)
Mattel have managed to tie up the licence for the
home video game market from Disney (there are also Tron
arcade games on the way), and this first cartridge is based
on the Frisbee fights from the film (see the review on page
16). You take the part of Tron, facing three opponents on
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the Game Grid in a duel using identity discs. You can
move about, throw your disc in any of eight directions
(judging the lead on your moving target if you don’t want
to miss), or block your opponents’ disc when they aim at
you. The bad guys enter.the arena through doors which
you can jam open — get two opposite each other and you
can teleport through from side to side, giving strategical
superiority as well as allowing you to recover one hit
(three hits and you’re dead). Should you clear the screen,
however, one of Sark’s Recognizers appears to repair the
jammed doors. Knock out its robot eye, a devilishly tricky
manoeuvre, and you get 10 times warrior value bonus
points. Watch out after 10,000 points, though: your
scoring rate has increased considerably but your
opponents are faster and more accurate at aiming.
Sometimes you'll get dark blue Leaders, who can carry
homing discs or discs that count as two blows; the purple
Bulldog warriors are slower but need two hits to kill them.
After you reach a million points (and by now I've played
enough to believe it's possible), the computer switches
tactics and sends on orange guards with paralyzer sticks,
which need four blows to kill them and can end the game
simply by touching you. My new ambition is to get up to
this stage of play: I've already.racked up 242,500, and a
curse on the homing disc that got me just short of reaching
the quarter million! The only way to score highly, by the
way, is to learn to use the hand controller by feel alone. If
you keep looking down to see which button to push, you
aren’t going to last very long. This gets my vote as favourite
game of the article.

Preppie (Atari 400)

And this gets my vote as the best-written piece of ‘non-
alien’ games software yet published. The game is based on
the arcade game of Frogger, and the playing area is a golf
course. Preppie is the American for caddie, and the poor
sou! has to retrieve a series of lost golf balls in a fixed time
limit. The problem is that he has to traverse a fairway being
criss-crossed with lawnmowers, golf carts, and on the
harder levels, bulldozers (don’t ask me what they’'re doing
on a golf course), then leap from log to log, barge and
alligator to cross a river. All the time you're playing, the
computer is seranading you with a selection of catchy
tunes in three-part harmony, and the graphics are quite
superb. We particularly liked the bit where the caddie gets
flattened out after hitting a lawnmower — sadists that we
are. There are 10 difficulty levels, and no-one here has yet
succeeded in surviving level 6 (it's the killer frog on the
towpath that causes the problems). Our high score is
14,730. Very highly recommended, despite its rather
frightening price tag ot £23 (this is a tape, not a cartridge).
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B-17 Bomber (Intellivoice)

The first of the games for the Intellivision that requires
the use of the add-on Intellivoice module. You are flying a
bombing mission over Europe during the Second World
War, and throughout the flight you're getting a series of
comments and warnings in a (pretty appalling!) Texan
drawl. ““Bandits at six o'clock’”’, it announces, and you
switch to the view from that gunnery position to shoot
down der Luftwaffe. Sometimes this doesn’t work,
because there’s a line of bullet holes across the canopy
and your gunner is dead! Once you've reached your
target, you can sight through the bomb doors and release
your thousand-pounders (‘“Bawmbs awaay...”) and
hopefuly hit something (‘‘That was awn tarrgit . . .”"). The
cockpit displays leave a lot to be desired, considering the
sort of quality you can get out of an Intellivision: just a
green horizon wobbling about as you try to dodge the flak.
Not a bad game, but I think I'd want to see some better
software than this before | went out and bought an
Intellivoice. -

Cloudburst (VIC 20 cartridge)

We've included this one for people who aren't very
good at Space Invaders etc. Basically it's just smeer
carnage, with enemy practically throwing themselves onto
your laser bolts. At some unspecified future time. the
Earth’s atmosphere has become so polluted that mutant
creatures have spawned in the acid clouds and are
dropping down amidst acid rain to ravage the planet. Your
laser gun can fire up, or to the left and right to slaughter
any creatures making their way across the surface atter
landing. The screen colours are restful tints of pink, red
and blue, to counterpoint the machine-gun speed of your
laser fire and the ferocity with which the mutants hurl

‘themselves at you. In between games the VIC plays you a

snatch of rather incongruous 12-bar boogie. The easiest
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FEATURE: Video Games

level is damn fast, and anyone who claims he can survive
longer than 10 seconds on level 9 is a liar.

Jumbo Pilot/Sub Commander (Atari 400)

Here are two especially for those of you with very
poor reflexes. You require the reaction time of a corpse to
play these because they are ‘real-time simulations’ ie
pretty slow. In Jumbo you have to take off, fly across
country and land. It takes 11 minutes or so just to taxi into
position and lift off, and you can then spend anything up
to two hours watching the dials in the cockpit do very
little, until you attempt to land and plough into the tarmac.
Then all you can do is start again. Frustrating, huh? The
least the author could have done was to include an option
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to practise landing without going through the rest of the
game. Our highest score is zero, since no-one’s been able
to land yet; but one of us did manage to do a barrel roll
successfully!

Sub Commander is a simulation of World War Two
submarine combat against shipping convoys in the
Mediterranean. You have all mod cons like sonar,
periscope, hydrophones and torpedoes, plus a satellite
reconnaissance of the Med (in WW 112 Oh well . . .). You
stalk the ships, aim through the periscope and hopefully
torpedo them before they blow you out of the water with
depth charges. Rather more action in this game, but still a
bit slower than my tastes run to. Highest score so far is
10,420.

low, really reason

withIC’s

With the new LM2A logic monitor from GSC, you can see
just what's going on in an integrated circuit for only £87*

The LM2A’s sixteen LED indicators show the static and
dynamic logic states of all the pins on 14 or 16-pin IC
packages, and GSC'’s unique Proto-Clip provides rapid,

reliable contact with the circuit.

You can use the LM2A with different logic families, too. A
front-panel switch lets you select TTL or C-MOS, and a variable
threshold control covers any voltage from +1V to +9V for other
logic levels. It's small and light enough to hold in the hand, and

operation is simplicity itself.

Take the logical course of action —fill in the coupon now.

* Price excluding P&P and 15% VAT.

I EL Model LM2A ‘ LOGIC MONITOR |  Unitpriceine. P&P 15% VATE102.35 | anty.

| Reqd.

“Name

I Address

G.S.C. (UK) Limited, Dept 9L,

Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Telephone: Saffron Walden (0799) 21682.
Telex: 817477.

ETI JANUARY 1983

I enclose cheque/P.0. for £

American Express card no.
I FOR IMMEDIATE ACTION ~ Thé G.S.C. 24 hour, 5 day a week service.
Telephone (0799) 21682 and give us your Barclaycard, Access, American

Express number and your order will be in the postimmediately.
L N N I W

exp. date
For FREE
catalogue D
tick box

i
|
or debit by Barciaycard/Access/ I
i
-—_-—_____--——l
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CASIO FX702P

CASIO SUPER DEALS

sy e " - dot matrix dispfay basic language.
! RECHE P L, = '1 o Up to 1680 stgm{:s/zzs mergorlgs
W~ Now only
L3000 G G ) G 00 Bl M) 0 B3 £71.00
PuLULdlaRkacos -
fea L B us fewfucafus-nga B3 f f —F-
DIPPPUIRGoBa
RO C 0 E &S S

CASIO FX601P/602P

10 +2 digit dot matrix, full alpha numeric upper and
lower case. 50 functions. Up to 512 steps/88
memories. {601P up to 128 steps/11 memories.}

Fxsozp £63.00 Fxe01p £37.00

FA2 CASSETTE INTERFACE £19.00

FP10 PRINTER FOR 602/702 £40.00

AX250

Multi fuinction, dual
display, dual time
zones, 12/24 hour
display. Versatile
alarm/chronograph

»

Sesds |
Cﬂ_ln IEHEE |
LTS

)
}

EL5100 61 functions, 24 digits, 10 memories, 80 steps ...
EL5103 63 functions, dot matrix, 6 memories, 80 steps ...

HP11C SUPER DEAL PRICE

203 program lines, 21 addressable memories
NOW onLy £88.95

HEWLETT ULTRA HIGH QUALITY CALCULATORS
PACKARD

HP10C New Mode ...............POA

HPA1C £
HP12C financial/stats £119.95 HP41CV 5 times 41C memory
HP15C New Model . 109.95

HP41C/41CV Software Modules, All Subjects £25.95

NEW TI 57 LCD 50 functions/8 memories. 10 digit LCD £21.95
NEW TI 55-11 LCD 122 functions, linear regression, up to 56
steps/8 memories. 10 digit LCD £32
NEW T1 Programmer Essential tool for programmer..
Ti 58C 172 functions, up to 480 steps/60 memories |
Tt 59 With magnetic card reader up to 960 steps/100

" memories .£119.95
PC 100C Printer for TIS8/58C/59 ....cevevcricviinncinenas £179.95
T1 58/58C /59 Software modules. All subjects .................. £35.95
FP 10 Scientific/Statistical Print + Display.................. £69.95

Full range of Canon, Casio, Hewlett Packard, Sharp, and Texas
Calculators and accessories supplied
Large SAE with all enquiries please

Export less 10% — All payments in £ sterling
All prices include post, packing, VAT, 12 months guarantee
Payment with order, Cash, P.0O., Cheque or Access

OR SALES & SERVICE

{no stamp required UK),

Redditch, Worcs B98 0BR

Past & Packing, 50p for
KS kits, 76p for UK kits,
£1.00 for cabinets. Send
S.A.E. for catalogue of
our extensive range of
kits & cabinets. Trade,
Educational & Export

snquiries welcome

LTD

ELECTRONIC KITS

7, Hughenden Road,
Hastings, Sussex,
TN34 3TG
Telephone: Hastings
{0424) 436004

Mini VHF Supqr-reganeran‘vo
raceiver
88-108 MHZ 9v D.C.

KS 130

£9.27 inc. V.AT.

Ks20 W
© Minj F.M,

Ks 238
3

2 Channel audio mixer,
20V D.C. M
f4.21 inc. VA.T.

ax

Ks160
Dark room timer,
Timing range 1-99 secs.
£11.58 inc. V.AT.

88-108 MHZ 9V D.C.
{Not licenceable in U.K.}
37 inc. V.AT.

operated sound to light,
300W per channel, 240V A.C.
£11.58 inc. V.AT.

3 channel sound to Ilght
output 3 x 1KW 2
£12.63 inc. V.A. T

KS250
12V-0.5A stabilized power
supply
£2.37 inc. V.A.T.

Nicad battery « unar o
10-20-45-150 mA, 15ngrc
max 240V A.C.
£8.42 inc. V.ALT.

UK 380
Digital tuning indicator
£37.88 inc. V.A.T.

Stereo pre-amp, UK 713 KS 410
treb-bass-ridd & 5 4 hone mixer, Car mounted digital clock,
volume control 16-25V D.C. A.C. 240V operated 12v D_S_
£15.79 inc. V.A.T. £20.00 inc. V.A.T. £16.84 inc. V.A.T.
4 Y 7

KS 440
Universal anti-theft alarm
£10.52 Inc. V.AT.

Ks 450

Anti-theft alarm for
motorcycles, 6-15V D.C.
£9.48 inc. V.A.T.

KS 500
Go-No-Go transistor tester,
BV or 4.5V battery
£6.27 inc. V.AT.

Ks 420

UK 108

Digital D.C. vol b
999MV-939V, 0.5V D.C.
£17.89 inc. V.A.T.

Not Il:enceable in U.K. '
£9.46 inc. V.

AT.

UK 113/U
10W integrated circuit
amplifier

£6.31 inc. V.A.T.

KSS 2:0 KS 300
tifier f channel chase light, TKW Westminster chimes,
Ame"':”;'/“,_-“ er-igr per channel, 240V A.C. {Big Ben)
£6.27 inc. V.AT. £10.62 inc. V.ALT. £9.48 inc. V.AT.
. T ——
. lgg .
i *
\§Z S

562
Transistor and diode tester
£14.73 inc. V.A.T.

UK 716

Three-way stereo mixer
£24.21 inc. V.AT.

UK 882 Centralized anti-theft
alarm
£33.67 inc. VAT

PLASTIC CABINETS
OUTSIDE DIMENSIONS PRICE
MODEL WIDTH | HEIGHT DEPT | INC
INCH| mm |INCH| mm | INCH | mm [ VAT
00/300100 | 754 {1914 | 181 | 4 | 689 | 175 | £421
00/301.02 | 756 | w4l 23 | w0 17 | a0
00/3004 | 754 | 914 n)ew| B By
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ELECTRONIC
PIANOS
SPECIALISTS SINCE 1972

Clef Pianos adopt the most advanced
form of Touch Sensitive action which
simulates piano Key inertia using a
patented electronic technique.

7: OCTAVE
DOMESTIC MODEL
COMPONENT KIT £266

COMPLETE KIT £442
MANUFACTURED £695

ELECTRONIC M
MICROSYNTH

THE COMPACT MUSIC SYNTHESIZER

USIC

“THE compurs BAND-OX'

COMPLETE
KIT

{MASTER RHYTHM ALSO REGUIRED)

range of Voices and Effects and is
designed for use with an External
Amplifier and Speaker.

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for our
complete lists, or use onr telephone VISA/ACCESS Service.
Competitive quotations can be given for EXPORT orders — in Australia

Two Domestic Models are available COMPLETE [} 2% OCTAVES A revolution in the field of Computer Music Generation! £
including the 88 note full size version. KIT ¢ SWITCH ROUTING ¢ 2 OSCILLATORS A musicians instrument for vocal & instrumental soloists
! Four intermixable Voice Controls may be — Jit rf = i

DS&MOEEK K'tsm used to :}b:ﬂain anid: v‘z:riadlion of Piano £129.00 ¢ THUMBWHEEL @ 2 SUB-OCTAVES practice — live performance — recording

tone, including Harpsichord. o A ing Tri 35 f
Compressor £36 | Both Soft and Sustain pedals are in. STRING T B o £ Chors Lasratment (one o 16 Wavelorm/Envelone
;ha.ser A gg %%g;’sm;‘:e "’prgﬁdgfsﬁn ‘:gd ﬁ';;:;m:é ENS PIdNB ROTOR-CHORUS g:hmbin::x'i‘ons), with the Cap:ci(y ‘xgosrdqrrer over 3(.:(:,00 é}seru P_mgra‘rjnmabls

uning Am| L Comprehensive two speed organ ord Changes on more than ifferent Chords. Using advance:
Matronome. £35 ] Tremolo, Honky Chorus, and Phase | 5 yer, popEular Licyboard o nhus s Hree ohase |  Microprocessor technology, Playback of 50-100 Scores can be executed
Flanger f634 A p%wér amplifier integrates into_the Synthesizer Kit for Group or chorus generator. in any Key and at chosen Tempo. vComqle!ebMu‘snc Paﬁ is ljelc.uro_mv:afl‘l)y
Chorus £54 | Piano top which may be removed from Home, uses, hour Octaue COMBONENT/KIT{E36.00 i’c’.}’n’Squ?S': zs:lforlﬁr:n éﬁﬁ?“@ngﬁiﬁnda%;ﬂf{ sc‘:‘l'i](:xl{\s cir):lcsl[:diné
St. Mixer £90 | the Base for easy transportation. E‘;‘;gt‘)‘:’;: "}s;g‘"m‘;m vg[ahh:glel: Muliiple Score Sequences. Sockets are “provided for Volum Pedal and
Graphic £72 requires control ;;anel (not KEYBOARDS Footswitch plus separate and mixed instrument Quiputs. Total size
gelay £g Slx OCTAVE iupplied) to be fitted to side of Our Square Front Keyboards 197 x 11* 44" incorporating Master Rhythm.
ercussion cyboard. 88 NOTE (A-C) £62.67
g 20|  DOMESTIC MODEL COMPONENT KIT £197.50 B BCTAvE B 7 THE progammatie DRUM MACHINE
by ROLAND COMPONENT KIT £234 CABINET £41.40 FOURINCTAVE ES1:62 EIGHT TRACK ‘
COMPLETE AKIT £.;i9: K “?’AN:G? Since 1972 Clef Products have consistently produced leading desigrs in ;&g(mm:s/

Co}'nponﬁn!dKlls netu ; ¢cyboard. Key the field of Electronic Musical Instruments, many of which have bgen PATTERNS/

switch har wa;e. an b P published in technical 1 i With musical quality of paramount TWELVE

components t‘“ may °I purc jmportance, new lechniques have been evolved and the latest musically INSTRUMENTS/

gyur s}agesKa_ ";.) “}:m €Sl Cabinets valid technology has been incorporated into projects which have been SEQUENCE

omp ;‘e is “,’:ia‘]’; °°3’?mm meoi‘ successfully completed by coastructors over a Wide range of technical OPERATION.

B‘”“g .ar;‘:s;- s thal?' i ;: caﬁ_m capability. Back up TELEPHONE advice is available to all our COMPLETE KT £79

atfdmscs“:kero els o OwWervimpl customers. All instruments are ‘on show. N

The Six Octave Stage Piano has the same masro. - £119

- The Clef Master Rhythm is capable of storing 24 seleciabibe rhytimic
drum patterns, invented, modified, and entered by the Operator on to
Eight Instrumentation tracks. A three position [nstrumentation control

plesse contact JAYCAR in Sydney. Visit our showroom.
CLEF PRODUCTS (ELECTRONICS)
LIMITED

expands Lhe number of instruments available to twclve, grouped inio
sounds typical of playing with Drurnsticks, Brushes, or Latin American
Bongos and Claves.

Sequence operation aitows two rhythm sections to he coupled with the
second (B) section appearing at four, eight or sixteen Bar repetition. All

P SIX OCTAVE
STAGE MODEL

» . ¢ 3 -
drums can be adjusted for level and resonance on internat controls to suit
COMPONENT KIT 234 tDept. ET1), 44A Bramhball Lane South, Bramhall.. individual (aste."thus producing good musical sounds on a battery driven

.COMPLETE KIT £383 MANUFACTURED £580 ‘Stockport, Cheshire SK7 1AH  061-439 3297 unit 8" x 57 x 24" J

Interak 1 — |

/0.0

& T T oy o

Vogs o) i -

2

HOME COMPUTERS |
DO NOT WORK!

You've already got @ ““home’ computer — am | right? You
may' be anyone — a Hospital Electronics Workshop, a
University Computer Dept., an Electronics Research
Establishment, or you may be just plain Joe Soap.
Either way round — you're fed up with the boss, or your
wife (may be the same thing), always asking you — ""Very
nice, but what does it do?”’ | know you can make it do
things, so you must be pretty clever, but what a mess.
What's that heap of junk plugged n the back — talk about
spaghettil
They look lovely, home computers, don’t they — until you
bolt on all the things round the back that the designer
couldn’t {or wouldn’t) include.
| think we both know what is needed: A “rack and card”
build it yourself system (interak 11). Something like Acorn's
and Tangerine’s original plug in systems, before they went
on tG more profitable things, but you don’t want it 6502~
based — Interak 1 uses the Z80A, {doesn't everybody who
has any sense?}.
If you use Interak 1, the 2B80A CPU is on one card, the VDU
Intarface is on another, Dynamic RAM on another, and so
on. Very tidy, and very modular because “any card fits in
any slot”. And that ugly expansion adaptor, and the special
box of bits you've got sticking out of the back, can be neatly
. . re-packaged and slid into the spare slots in Interak 1.
I've got no space to say more (this advert's cost a few
hundred pounds already!), so send me a stamp {203p)
and/or SAE, or neither, or ‘phone if you prefer, and Ill send
you the 38-page low-down.
David Parkins
P.S. Although this advert may sound a bit corny, {we have 1o
get your attention somehow) Interak 1 really is a serious,
sensible system with thousands of cards sold, and in daily
use. Cards, Manuals, all available separately inc. circuit
diagrams.

The new THANDAR SC110A

represents a break through
development. The SC110A is only 2“ thick and weighs under 2 Ibs yet it retains the
stavndard features g_f a bench oscilloscope.

in  Oscilluscope

FULL-SIZED PERFORMANCE

® 10MHz band width

® 10mV per div. sensitivity

® Full trigger facilities are provided includ-
ing bright line and auto, with T.V. iine
and frame filtering

® RUNS ON ORDINARY HP11 {four)
batteries or rechargeables

® Basic price — £170 UK Post free

Optional extras

AC Adaptor £6.69; Rechargeable batterias

£8.63; X1 Probe £8.05; X10 Probe £9.20;

X1/X%10 Switched Probe £10.90; Carry Case

PFM200A FREQUENCY

METER

® Pocketsize ® 8-Digit LED display #
Frequency range 20Hz-200MHz # Resolution
0.1Hz ® Sensitivity typically 10mV rms

® Timebase accuracy 2ppm @ 8.
10 hours ® Frequency: 2 rangss, 4 gate times
® Price £67.50 UK Post fine

Optional extras — AT Adaptor £5.69

: 5

LAEGE S.AE. Brings details of: Oscilloscope, Frequency Meters, Signolg ¥

Generators, Function Generators, Pulse Generators, Analogue and Digita
Multimeters; Digital Thermometer, C.R.T. Tester, Logic Analysor etc.

Al prices include VAT, Official orders welcome. Mail order only, or callers by prior
appointment. Barclaycard/Access welcome. Cash/cheque, otc., with order.
Government and Educational Establishments offizial orders weloome.

kGREENBANK

Greenbank Electronics (Dept. TI2E), 92 New Chester Road,

; ; B.K. ELECTRONICS -
New Ferry, Wirral, Merseyside 162 5AG s AP e Py Son Ennax SEETY T on
Telephone: 051-645 3391 7 37 Whitehos w, Esstwood, Lalghon Sos Ensux S5157Y gyt 8
ETI JANUARY 1983 5%



PRINTED
CIRCUIT
PRODUCTS

EXCLUSIVEMAIL ORDER
FORPRICE CONSCIOUS ENTHUSIASTS

Kelan Engineering, establised for over 12
years as manufacturers of high Quality
Printed Circuit boards and the original

" innovators of the Positive Photo Resist
System NOW INTRODUCE.

the complete Printed Circuit Workshop

Copper Clad Boards % Veroboards
Breadboards % Artwork materials
Hobbyboard Photo Resist System the
simplest, cleanest method ensuring
high quality PCB’s EVERYTIME.
Plastic & Die Cast Boxes & Cases
Connectors % Sockets
Terminals % Screws, Nuts, Spacers
etc. % Workshop Tools
Drills & Machines.
.ZX81 & SPECTRUMINTERFACING
SYSTEMS AND ACCESSORIES.

2 b S SR 2 2 g

troduct
Complete-low °°St":{;s|st Kitincludes

H‘\)Ibet:(\()%%ﬂ?e‘ln:r:p & full mstructlons for
lI'.j)lY UV unit-all artwork boa
chemical requwemen

fo Clrcu|t Making’

“|ntroduct|on

Please send me details of -
Hobbyboard mail order catalogue
Hobbyboard Photo Resist System
. Hobbyboard ZX81/SPECTRUM SYSTEM
Hobbyboard special offer
NAME ..o et sess e |
 ADDRESS ..ocoosveirercenee P |

I have completed [ ] electronic projects during the

past 12 months
Harrogate, North Yorkshire.

B 0423-883672 ETI183

\-——-————-—————-I
60

North Works, Hookstone Park,

|

, ~ I
KELAN (Hobbyboards) LTD :
|

F\UDIO GLECTROﬂICS

bonus for all orders
received by 28/2/83.

¥ } Mini stereophones
with every

7206/7081/2050

(State 3%mmor 14"

\jackplug)

7206 20K/ Valt, 18 7081 50K/ Veit, range 2050 50K/Volt plus

ranges. doubier Taster

with S6402 with C815664 with CS1820
%6 below. %g %ﬁ below Mgﬁﬂ { gee above

[7
TRI0 20 MHZ DUAL TRACGE SCOPES Eﬂjﬂ:—‘

140mm Tuhe: DC to 20 MHZ: SmV sensitivity: GHZInven
GS1820 Detayed sweep: 0.2-usec 10 0.5
sec Sweep: Modes CH1, CH2, DUAL and
AOD. List Price £539.06 inc.. VAT,

our Price . £420 inc. VAT {UK c/p £4)
£S1566A NOA, AUTO. VIOED: 0.54is8¢
Sweep: Modes CH1, CH2, ALT. CHOP and ¢
ADD. List price £368.00 inc. VAT.

gur Price £29Binc. VAT (UK e/p £

2 SAVE 2\19

SAVE £89

{Optianal probe X 10 £9.45}

| HT252Y%" 8ohm
| 15 wali tweeter

SPEAKERS & TWEETERS

A A

HIF20ESM Bohm | yiF20ESM 4 ohm

30/50 watt Bass/ ;

version 8’ £4.99
Midrange 8" £5.99
{UK 6/pE1.20) {UKc/p£1.20)

€3

Mlm stereophones as above
Fﬁ for purchases ot £10.00 or
more from this advertisement.

ﬂ

HIF87BSM 4" 88hm | PH303" 8ohm 15

30/50 watt midrange wall tweeler 5220
£4.95 (UK c/p 65p)

GN3g" ©
3wayﬂnhm 15 watt | SN300 40 watt HT3|5F5 x3%" 8ohm
crossover £1.251 version  £1,75 | 30 walt tweeter
{UK c/p Tweeters & Crossovers B5p per 1-3 items}

STEREOPHONES © MEGAPHONES o P.A. HORNS

3318 10 walt mega- CHE66" 10 watt 8
ohm PA Horns £8.05
£6.95 wx c/p B5p}
." \

£32.
[UK c/p£| 05
331 without siren

M1 12 Stereophones

£28.9 ,
UK c/p£1.05} padded earpieces:
maono/stereo switch:

Car Speakers vol. controls 645 2%
§P25/4 \Uuzdnhm £3.95 {UK ¢/p 85}

£6.50 700 Mains TV boosters

cnsszn 10t 20 {UK c/p£1.05)
walls 5" Tanned 4and  CRBBO 200z § ohm
g £H:95

8 ohm 200z z
£7 95 pair £7.50
(UK c/p £1.08)

{UK ¢/p£1.05}

back of set

)I£5.95 i1k /5 550

TMB Masthead 2 TV's)

£12.95"%,

&1 SG402 100KHZ to 30 MHZ

6 band Trio RF Generator int/ext. mod.variable
o/p to 100mV. AM int 4D0 HZ mod.

List nrme £71.00inc. vat

ORDER BY POST OR PHONE OR GAI.I. IN AND SEE FOR YOURSELF
WELL WORTH A VISIT! ALL OFFERS LIMITED QUANTITIES E & OE

AUDIO ELECTRONIC

TEL:01-724 3564 .

301 EDGWARE ROAD. LONDON W2 1BN,
ALSO AT HENRYS RADIO.

404/406 EDGWARE ROAD, LONDON W2

Cubegate
Limited
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PROJECT |

ZX ANALOGUE-

TO-DIGITAL

CONVERTER

Expand the consciousness of your computer and let it
sample the delights of the real world with this low-cost ADC.
Design by Rory Holmes.

ow about a tast, eight-
Hchannel, eight-bit analogue-

to-digital converter, all in one
small box that plugs neatly onto the
back of your Sinclair computer and
costs about £152 A rhetorical
question, really, because that’s what
we're presenting in this article. The
applications for this project are
numerous since A-to-D converters
allow your computer access to the
‘real world’: and the real world, as
the data acquisition experts call it, is
anything which varies smoothly and
continuously, such as temperature,
sound ievel, voltage, position, speed
and so on. Eight channels of
analogue input data, each with a
resolution of one part in 256, will
open up a whole new field of
applications for your computer and
programs. For example, some of the
things you might consider include
real-time graphs for multi-variable
displays, eight-channel spectrum
analysers (or even Spectrum

analysers!), VU meters for recording
work, process control programs,
central heating control,
potentiometer-type joystick inputs
(up to four sets of two axes),
weather station computers,
waveform analysis by computer,
aircraft simulations and so on. You
might even be able to make good
Uncle Clive’s boast that the ZX81
could control a power station!

The ADC IC

Our analogue-to-digital
converter is based around the new
7581 IC, a complete data
acquisition system on a chip with
some very handy features. The best
of these features concerns the way
in which data is made available to
the host computer: by using a ‘dual
port RAM” and internal scanning
logic the conversion process is
made completely transparent to the
user. Basically this means that the
microprocessor need do nothing:

the latest analogue data is always
available and may be read from a
small memory-mapped region of the
computer’s address space (éight
consecutive bytes).

The chip will convert each
channel in 50 microseconds and
performs a complete conversion
update of all eight channels in 400
microseconds. The analogue input
voltage range is 0-10 V and these
limits will correspond to 00 and FF
Hex respectively.

The unit plugs into your
computer via a double-sided edge
connector, and, if you want, you

'can include a switch to enable the

unit to switch between the ZX81
and the Spectrum port
configurations. The eight analogue
inputs enter the unit via a 15-way
‘D’ type connector. The system
derives its low-current 5 V supply
directly from the expansion bus, so
it will start functioning as soon as
the computer is switched on,
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Here you see the protruding edge socket.
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Fig. 1 Circuit diagram.

HOW IT WORKS

Figure 1 shows the complete circuit of
the eight-channel. analogue-to-digital
converter. There are four separate parts
to this circuit: the main converter device
IC3, the master clock oscillator (a single
CMOS gate), a negative voltage
reference generator, and the address
decoder. The 7581(IC3) is a complete
eight-bit, eight-channel data acquisition
system, designed for direct interface to
microprocessor buses. The 7581 ac-
cepts eight analogue inputs and sequen-
tially converts each input into an eight-
bit binary word using the successive ap-
proximation techniqué. Results from the
conversions are stored in an internal
eight-bit eight-word ‘dual port RAM’.
The dual port RAM allows a
microprocessor to access the analogue
data independently of the internal up-
dates; aI'I). the data acquisition is
therefore transparent to the program-
mer. The analogue data appears to be
permanently available in eight suc-
cessive ‘read only” RAM locations — you
cannot write to these addresses.

The converter requires a master clock
for its scanning logic and this is provided
in our circuit by 1C4a, a Schmitt inverter
gate wired as a 1.6 MHz oscillator. Con-
version of a single channel takes 80
clock periods, with a complete scan
througﬁ all eight channels taking 640
clock periods. At 1.6 MHz this cor-
responds to 50 uS and 400 uS
respectively.

The converter is wired in our circuit
for simple unipolar conversion using a
—10 V reference supply, In this case the
eight-bit word covers an|analogue range
of 0-10 V as illustrated'in the transfer
characteristic diagram of Fig. 2. The ac-
tual analogue input circuitry is shown in
Fig. 4. An R-2R resistor ladder forms a

multiplying DAC to perform the A-to-D

conversion. Each input, including the
reference input, has an impedance of
about 20k. A status output is also
available: which allows an external
device to identify which channel is being
updated at a given moment: it provides a
siinal, synchronised to the master clock,
which follows the scanning logic and
pulses low for channel 0. The status
signals as related to the master clock are
shown in Fig. 5. )

The reference voltage generator that
provides —10 V for IC3 is based on the
voltage multiplier principle and allows a
single 5 V supply to power the entire
unit. The voltage tripler is constructed
using CMOS Schmitt trigger inverters,
and a capacitor-diode multiplier chain
formed by C2-4 and D2-5. The inverters
are connected as a self-oscillating ring
running at several kilohertz to provide
the AC square wave to the voltage
multiplier. The tripler should give 15 V
at the negative side of the smoothing
capacitor C5 but due to diode and im-
pedance losses this is reduced to about
12 V. The zener diode ZD1 is then used
to clamp this voltage to the 10 V
reference level.

The address decoding is performed
using the same system we designed for
the Message Panel Interface (why re-
invent the wheel?). 1C1 and IC2 perform
the address decoding and the slide
switch SW1 selects either memory-
mapped decoding for the ZX81, via
ICtb, or 1/O-mapped decoding for the
ZX Spectrum via ICla.
decoder is switched for the Spectrum the
states of the bus lines IORQ (I/O re-

quest), A5 (address bit 5), and RD (the’

read signal) are continuously monitored
for logic lows. If they all go low together,
then the Spectrum is performing an IN
addr, X command, and the output of

When the‘

NOR gate 1C1a will go high. This output
is inverted by 1C2a, which in turn takes
the chip select pin of the converter (pin
13) to logic low. As the chip select goes
low the data from IC3’s internal memory
(addressed by the three lower address
bits A0, A1 and A2) is made available to
the data bus for the read operation.
Thus any of the eight-bit data words may
be read at any time.

The rest of the gates in the decoder
section are effectively ignored, and as
far as the Spectrum is concerned the
A13, A14 and A15 inputs are connected
to the wrong bus pins anyway.

When plugged into a ZX81, however,
with the selector switch in its other posi-
tion, these other gates become usefully
active. With 1C2c wired as an inverter,
address bits A14 and A15 must be high
and A13 low in order to take the output
of IC1c to logic high: this means the se-
cond 8K address block is being selected.
The output of IC1c is inverted by IC2d
and fed to one input of IC1b, a NOR
gate. The other two inputs of this gate
monitor logic low states on theﬂ'ﬁc
(memory request) and RD bus lines.

Thus the output of IC1b will only go high
when the ZX81 is performing a memory
read operation at a location between
8192 and 16383. The output of IC1b is
fed to the chip select pin of 1C3 via the
selecter switch and inverter as before.
IC2b inverts and buffers the enable
signal to drive the ROMCS line (linked
via SW1b): consequently this line will go
high through diode D1 whenever the in-
terface is addressed and switch off the
8K ROM in the ZX81.

The 15 mA or so supply current for
the TTL and CMOS is taken directly from
the 5 V supply rail on the ZX bus.
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OUTPUT CODE

A FULL ScALE
11111111 4 RANSITION ~a
11111110 -
111111014

{

A
v
e
Ve

‘] /
00000011
00000010 |
00000001
ooogooo0 L b

0 04 08 12
INPUT VOLTAGE VOLTS

(REFERRED TQ ANALOGUE GROUND)

NOTE APPROXIMATE BIT WEIGHTS
ARE SHOWN FOR ILLUSTRATION

T 1™
9.92 9.96 10

BIT WEIGHT FOR —10V REFERENCE 1S ~39.1mV
Fig. 2 Transfer characteristic diagram.

Voo
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updating the analogue data at the
chosen memory locations ready for
PEEKing or machine code access.
There’s no reason why this
device couldn’t be used with any
other computer. All you have to do
is find a handy unused hole in your
system’s address space and design
suitable circuitry to decode the
chosen range of addresses. This
circuitry will replace the section of
our circuit involving IC1 and 2.

Construction

The entire eight channel
converter is built into a plastic
Verocase to form a very neat and
solid unit which plugs directly into
the Sinclair expansion connector,

VRer Bors
10 —(D)

'ANALOGUE |
INPUTS

MUX

THREE

DATA BUS STATE
DRIVERS

OUTPUTS
® DB7-DBO {20-27)

W

8-BIT DAC } P
_/ 12

Y
reny

’

SUCCESSIVE
APPROXIMATION
REGISTER

¥

INTERFACE AND

CONTROL LOGIC - ADDRESS LATCHES

(3 D) 8 ®, (©—~)—(8-G9)
C_S DIGITAL CLK STATUS ALE A0 A1 A2
GROUND

Fig. 3 Internal block diagram of the 7581,

3 ANALOGUE
GROUND

ANALOGUE
INPUTS
Bors
o}
VREF
: R
| SUMMING
" POINT
! .
|
3
| | I
IpB7 DBS ipBs ipBO } J| COMPARATOR
SUCCESSIVE N | i
APPROXIMATION +
REGISTER | {
! CONTROL |
ANALOGUE Logie ,
GROUND -

Fig. 4 The analogue input circuitry of the 7581.
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either on the ZX81 or the Spectrum.
A standard 15-way ‘D’ type socket
allows access to the eight analogue
inputs and a few other internal
connections. This is a right-angled
PCB-mounting type which is
soldered directly to the track side of
the PCB to reduce interwiring. Since
the wire-wrap edge connector
socket is also soldered to the PCB,
the only part external to the PCB is
the selector switch, which is
optional. If you anticipate using
only one computer then wire links
can be used to replace the switch
contacts at the appropriate overlay
points.

The PCB should be assembled
first, following the overlay diagram
of Fig. 6. Don’t forget the six wire
links and take care over the
orientation of all the diodes and ICs.
The 23-way edge connector must be
mounted the right way round and
with the polarizing key at position
three. The edge socket must have
long wire-wrapping pins so that
‘when mounted it will protrude
through the front of the box as .
illustrated by our prototype (see the
photograph). The socket is mounted
from the component side, and the
pins should protrude about 2 mm
through the track side for
subsequent mounting of an optional
edge connector plug (to allow other
ZX add-ons to be plugged in).
Ensure that the socket is square and
parallel to the PCB before soldering
the pins. A 43-way edge connector
could also be used, provided it is
sawn -off at either end to leave the
polarizing key at position three.

The ‘D’ type socket should be
left until last, when its right-angled
pins can be inserted from the track .
side of the board and pushed home
as far as possible. The soldering of
this component is difficult but not

(a) FOR CHANNELS1TO 7

80 CLOCK PERIODS

STATUS
8 CLOCK 8CLOCK "
> PERIODS PERIODS ™| l‘_
Y START NEXT o
LCONVERSION 4

WITH MSB TRIAL QUARENT CHANNEL
PREVIOUS CHANNEL
LDATA UPDATE COMPLETE  COMPLETE

MULTIPLEXER ADDRESS
DECREMENTED
8CLOCK
] 64 CLOCK PERIODS PERIODS

t START CHANNEL
0 TRIAL

CHANNEL 1 UPDATE

{b) FOR CHANNEL 0

STATUS l

CHANNEL 0 UPDATE
COMPLETE
MULTIPLEXER
ADDRESS RESET TO
CHANNEL 7

Fig. 5 Status signals.
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NOTE:
a= ANODE
k = CATHODE

o A e A A TSI T

Fig. 6 Component overlay.

— PARTS LIST e,

Resistors (all 2W 5%)

1

R1 470R

R2 680R

R3 22k

Capacitors

C1 68p. ceramic

C2-4 33n ceramic

C5 10u 16 V tantalum

Semiconductors

1C1 741827

IC2 741500

1C3 7581

1C4 401068 or 74C14

D1-5 1N4148

D1 10 V 400 mW zener

Miscellaneous ) =

Swi1 DPDT miniature slide

switch

SK1 23-way double-sided edge
: connector

SK2 15-way right-angled PCB-

mounting ‘D’ type
) cannon socket
PCB (see Buylines); case, Vero order
code 65-2514F.

impossible, providing a small
soldering bit is used.

The PCB should be filed to the
shape shown in the overlay
diagram, since it has to fit into the
lid section of the case: the two
corner pillars which take the main
case bolts will also need to be filed
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Rubber feet help secure the PCB.

away slightly. At this stage, a slot
should be cut in the appropriate
position to take the connector
socket so the assembled PCB can be
fitted into the lid. It should sink
down until the tops of the ICs touch
the inside of the lid. The edge
connector should now be almost
clear of the slot and the diodes and
capacitors should just clear the
filed-down case pillar.

By mating up the two case
halves, you can find the position for
an appropriate slot to be cut in the
base of the case to clear the ‘D
type socket. If a switch is to be
fitted this should be glued, using
cyanoacrylate or epoxy glue, to the
side of the base section as shown in
our internal photographs: the switch
contacts will just clear the PCB. On
our prototype we fixed three large
stick-on rubber feet into the base of
the Verobox; these support the PCB
at the correct height, and when the
case halves are screwed together,
they will hold the PCB firmly in
place.

The diagram of Fig. 7 shows the
pinout connection for the ‘D’ type
socket; it’s a good idea to draw this
along with the corresponding
address locations onto an adhesive

BUYLINES —

The 7581 analogue-to-digital converter
chip can be obtained from Technomatic |
Ltd for about £8. Technomatic also stock |
the other semiconductors and the ‘D’ i
type connector: check their advert for
prices and ordering details. The special -
wire-wrap 23-way edge connector for .
use with ZX computers can be obtained
from Timedata, 57 Swallowdale,
Basildon, Essex: alternatively you could
get hold of a 40-way version and cut it o -
size as described in the main text. The
PCB Service advert is on page 91 for
those unable to etch their own boards.
The joystick units mentioned in the text
are available from Remcon Ltd, 1
Church Road, Bexley Heath, Kent

(telephone no. 01-304 2055).

Ay 8 N
g0 ov
An7 |02
190 Ay 6
A5 | o3
110 Ai;’\'e‘
A3 [-X3
120 ﬁ}NZ
At o5
130 oV
ov (=12}
140 &
STATUS o7
150 | He
~10V REF

y

Fig. 7 Pinout for the ‘D’ type
connector we used.
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AB
ADDRESS LOCATIONS
CHANNEL ZX81 SPECTRUM

8 8199 s 65503
7 8198 65502
6 8197 65501
5 8196 65500
4 8195 65499
3 8194 65498
2 8193 I 65497
1 8192 65496

1

|

)
% 47 TOANY S
—L— 9V PP3 ANA! )
TFeatrery S ONMOES™

|

|

|

4 ~oov

Fig. 8 How to connect pots for testing
and when using the unit as a joystick
port.

label, which can then be stuck onto
the back of the box. There are two
unconnected pins on the socket
which could be connected (using
insulated wire links) to any other
two signals, say +5 V and the
master clock.

Having completed the assembly,
the A-to-D converter may be
plugged into a Sinclair computer
and tested. One of the analogue
inputs may be wired up to the
simple pot circuit shown in Fig. 8
and the corresponding address
location can be looked at via the
computer. Table 1 shows the
address locations for each input; the
command PEEK addr is used for the
ZX81 and the command IN addr for
the Spectrum. For a 0 V input the
memory byte will contain 0 while -

pFnipinta
kAo e we
Bt

for the full 10 V input it will contain
255 or FF in Hex. The number (in
eight-bit binary) will vary
proportionately for all the voltages
in between. A small program to
continuously print out the value of
all eight memory locations would
help in the testing procedure.
After you are satisfied that the unit
is working the programming options
are practically limitless; eight real
time voltage inputs continously
available to either BASIC or
machine code programs! Dedicated
games players who want to use the
unit to interface joysticks to the
computer will find a suitable source

»i

,.4
A N P C R

-
-
-
-
»
..
-
S
-

RS -

OB

IVERELLBEEEE Y
e

a

of two-axis joysticks fitted with 4k7 Using the case specified will tax your
pots listed in Buylines. Figure 8 construction skills but it is possible to
shows how they should be wired get everything in! _
up. ETI

LB ELECTRONICS A LIGHTING RE\QEHLION!

ENGLAND
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DISC DRIVE BONANZA

PERTEC FD6508"” DSDD. ..£199 + VAT
PERTEC FD250 52" DSDD. . £145 + VAT
PERTEC FD2005% " SSDD. £100 + VAT

BRAND NEW AND BOXED
PLUS DATA P & P AT COST

INTERSCAN ACCOUSTIC COUPLER

10” x 4” x 5” WITH ELECTRONICS, SOUND .
TIGHT UNIT, FOR STANDARD GPO HAND SET.
NO DATA — £10.00 (INC VAT) P & P£1.75

LB ELECTRONICS

11 HERCIES ROAD,
HILLINGDON,
MIDDLESEX UB10 9LS,

TEL: UXBRIDGE 55399

® DIRECT FROM THE Compact 2-preset
MANUFACTURERS COMES bitie/blackidesks!
A BREAKTHROUGH IN
LIGHTING TECHNOLOGY
AND PRICE!

VNSA

SYSTEMS FROM
JUST £214 %

Vacte W NAY AN

® 6 channel hand held controtler £70

® 12 channel 2 preset desks £180

® 18 channel 2 preset desks £260

® 6 channel 13A power packs £120

® 10 metre multi-core cables . £12
(prices do not include VAT and delivery)

THE MICRODIM PACK
An ideal method of providing &
channels that plug easily and quickly
to your lamps, the mains and the
desk. Can be free-standing or wall
mounting. Complete with 10M
mains lead.

After extensive research MJL have arrived at a means to provide the complete
lighting versatility you require, at a price you can afford. [TS CALLED DIGI-DIM
TECHNOLOGY. Out goes the expensive voltage control method and in comes the
micro-chip. If your requirement is for amateur or professional theatre, mobile or
fixed lighting rigs, rock bands, or simply general purpose, then waste no more time
and phone, or write for FREE information to:

MJL SYSTEMS LTD.(Dept A)
45 Wortley Road, W. Croydon, Surrey CRO 3EB, U.K.

B Tel: 01-689 4138
Our sales desk is open Mons to Frids 9.30-5.30
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EUROPA ELECTRONICS

Now is the time Mail Order to: 160 High Road, Willesden, London NW10 2PB

tobuyme- B TEL: 01-459 2480
I'm the ideal SEND FOR A FREE LIST OF

e | OUR LARGE RANGE OF ITEMS
Christmas gift ALL DEVICES ARE NEW,

and I'm only £14.95! FULL SPEC AND GUARANTEED
. : ‘Post & Packing: Add 30p to all orders under £5.
PRICE HELD ONLY UNTIL DEC 24th VAT: All UK orders add 16% to total cost

 Home Suma Srams g 111

It's true! Specially for Christmas, an incredibly low new including p. & p.
price for ‘Speechtime’ — the first ever easy-to-build ]

. : UL 12y 7415148 75 00 CMOS]
speaking clock kit. ‘Speechtime’s’ combination of TaLs1e1 33 o
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\ ) L . X 74812 12p | 7418166 60p | 412 20p | 4015 40p | 4073 4p | BCISAL 1
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1
740814 25p | 74LS169 8p | 7414 200 | 4017  %p | 4076  48p | BC213L  10p
@ Grained stainless-steel case 740815 12p | 74(5170 70p {2320 18P | 4018 46p | 4077 6P | BQ2laL e
@ Useful in the home or office

740520 12p | 7405173 6sp | 7427 2P | 4019 2p | 4078 16p | BC547
£ 740521 12p | 74LS174 4op | 7428 2P | 4020 48p | 4081 p | BCs48 1?;

SPECIAL

CHRISTMAS 740522 12p | 748175 4op 7430 180 | 4021 40p | a0 16p | mesesc 1

»  OFFER TiSos 126 | 74518 on 747  Fo | o2 4 | 4o Sop | bawe 1np

¢ s 741527 13p | 7aLS183 120p | 1438 :g” 4023 13 | 4089 1%p | poss7 16y
el s 74528 4p | 74LS190 36p | 7259 0P | 4024 Rp | 4093 24p | BC558

ilicon Speech Systems 7% A IARE Bl m OB W)W S B
s and P/P 741832 13p | 74LS192 36p P | 4026 80p 4095 75p | BFYS50

740833 14p | 7405193 36p | 2476 300 | s027  20p 6 1

740837 14p | 74LS104 b je Gp e s po I S G

Mg EaE s B)E Bla 2iam
p

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 3NM w3 m | S 7% 2 lem ne | ke ) N

740848 45p | 7aLS240 esp |749% TP | 4040 400 | 4507 3/p | TPaA

(A Powertran Subsidiary)
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23p
2
=
- . - - mp
‘ EASY ORDERING BY TELEPHONE 7aS5)  14p | 7alsper wp | 2800 Foh | 4041 Db | 450 4% TiPada” o
— RING ANDOVER (0264) 64455 TSt Mp | nalskz B |iaor 20 | aosa b | G | weh o
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-l 7ils50  22p | 74lS258 mp ;:}gg ﬁ: 748 gp tmgg 1%: §ﬁ§93§ ‘;gg
74LS91  86p | 7405259 55 CA3019  80p
e METERTECH MODEL 3T  f Tasel e 7aloae Ro|74iso b | casoss 7op | M3 S0 | 2NTOD i
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i it * 12.5mm DISPLAY 7aL8125 24p | 7alS366 27 | 74305 TP | CASIGIESOp | METI 4O | a5 e
T, o * 10MQ INPUT IMPEDANCE s g: J4L8367 27p | 74393 99p CANBSE 00p | NESE34P TIDp | 2N4SE m
-u‘f’u * AUTOMATIC ZERO ADJUSTMENT 748133 30p | 7418374 55: 74490 120p -| Ca3240F 110p | NESS34AP NS4 30p
i * AUTOMATIC POLARITY SWITCHING 74L5136 25p | 7418375 45p CA3280G200p 120p
?'0"‘/ e J OVER RANGE INDICATION 7418138 27p | 7415377 60p LM301A 25p | TBABIO 95p
: * FUSE CIRCUIT PROTECTION 7405133 27p | 74LS378 60p [M310 120p | TBAS20 80p
* BATTERY LOW INDICATION ,74LS}2§ 1zgp 74LS390 45p | tmglé égp %mggE gg
% hFE MEASUREMENT FACILITY 4LS 0l (7415393 Tabp °
% DIODE CONTINUITY CHECK
* ACCESSORIES INCLUDED :;ﬁgﬁ_fg)ﬁg%umns orto ELECTRONICS LEDS inciud. o
] p mm  5m
TEST LEADS, BATTERIES & 5V1A 7805 40p 7905 45p | OCP71 180p ORPE1 120p | Red 1Mp  12p
INSTRUCTION MANUAL 12V1A 7812 40p 7912 45p | ORP12 120p TIL78  B5p | Green 14p 4o
* SIZE 180 x 90 x 35mm 15V1A 7815 40p 7915 45p | 7 Segment Displays Yellow ~ 1p 4
* WEIGHT 200g . 18V1A 7818 40p 7918 45p | DL704 1sp TIL321  99p
* SAMPLING TIME 0.25 sec 24V1A 7824 40p 7924 45p | DL707 1i5p TIL322 99
ELECTROLYTIC CAPACITORS DIODES ERIDGE_
AVAILABLE xial & Radial) Values in uf. 0A47 8p E!
Mé\'I'LESI?TECHlblgITAL 63V: 1,2.2, 3.3, 4.7, 6.8, 10 6p; 15, 22, 33 8p. . 0A%0 9 TAS0V  19p
25V: 47, 100 Bp; 220, 330 12p. 0A91  9p TAI00V 200
CAPACITANCE METER 16V: 470 14p; 1000 20p. 0A200 9p 1A 400V 259
0.1pF to 20000F £69.00 10v: 1000 15p; 2200 25p. | 0A202 gg 2A 100V 2
- 1 inots ny
| } POLYESTER CAPACITORS (Radia Load) 250V, IN9IE 7p
. 15n, 22n, 33n, 47n 6p; 68n, 100n 8p; 150, 220n, 1N4148 ZENER
DC VOLTAGE (5 ranges) 0.8% accuracy 100 xV to 1000V e i S A Hotr BiobeS
AC VOLTAGE (2 ranges) 1.2% accuracy 100mV to 1000V 10p; 470n 150p; 630n 20p; 1000n Zp. pNADDd 100 W 5
o MYLAR FILM CAPACITORS (Radial Lead) 100V
DES(I:SUT’:«RI\:E('I\IET((L'LS ranges)110./2 % accuracy 100nA to 10A 1n, 1n5, 2n2, 3n3, 4n7, 6n8, 10n 6p: 15n, 22n, 33n, 47n 8p.
7 i
R anges) 1% accuracy 10 to 2MQ CERAMIC CAPACITORS 50V. (Radial Lead). DIL SOCKETS
Price £49.95 includes VAT, postage & packing. 22pf—47.000pf E12 Values 4p each - -
i i POTENTIOMETERS: ;
oPtlona' accessories. Carbon track, 0.25W log & linear S\{MITCHES 12 :;: g
N a . 5K-2M single gang 30p Slide 1A
Deluxe protective case £6.90 including VAT pé&p 5K 2M single gang D/ switch T peoT Mo -
. - -2 al gang stereo DPDTc/ ROBOARDS .
10AC current shunt £6.90 including VAT p&p ueleend g R M E o S
PRESET POTENTIOMETERS 99 23 x 32 Tp 52p
! Horizontal & Vertical SPST pn/off 54p 21 x B¢ 8o —
0.1W  100R-1 Meg 7P SP c/aver &0p 3} x 337 8p —
0.25W 100R-1 Meg 10p lg’;% e gg 31 x5° Sp 79p
c/of 3ix 17 W/p 211p
62 CURTIS ROAD, WHITTON, RESISTORS 5% Carbon Film Push Button 43\ X 18" 4%p —
E12 values. Pkt of 100 pins 50p
entem HOUNSLOW, MIDDLESEX TW4 5PT o RS 1 Push to Make 1;: AT L R
TEL (01) 894 2723 : 05W  1R-5MI 1.5p Shito) Pininsertion ool 162p
Retail Shop: North Parade Electronics, Mollison Way,
Edgware Middlesex.
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DENSITY 5v,” DISK DRIVES

warranty.

Qne Disc Drive only ......
Two Disk Drives ...........
Single boxed with power supply

Dual Boxed with Power Supply
£36!

CARD

density (FM or MFM) format.

MX80 T-3

centronic parallel intertace.

136 columns, 100 CPS, all

interface

MICROLINE 80:

graphics. Centronics parallel interface.

PrEe e s i £31

Duat Drive System (800 KBy!e storage capacuy)
+ VAT = £527.

—-EPSOH TVI'E 3 I'IIIIITEIIS

TOSHIBA DOUBLE SIDED/DOUBLE  § DRAGON 32

These are high quality, very reliable
industry standard disk drives. These
can be usedas single sided/single den-
sity or double sided/double density
depending on the host computer disk
interface. Compatible with most micro-
computers e.g. VIDEQ GENIE, ATOM,
TRS 80, BBC COMPUTER, SUPER
BRAIN, NASCOM etc. If used as double
sided/double density then the storage
capacity is 3.5 MAGABITS/DRIVE (un-
forr;\atted) frack density is 48 TPI and
can daisy chain up to 4 drives. 90 day

£169 + VAT = £194.35
£329 + VAT = £378.35

199 + VAT = £228.85

9 + VAT = £424.35
2 Drive Cabie .......cvvenne.. £15 + VAT = £17.25
BBC AND ATOM COMPATIBLE
DISK SUB-SYSTEM WITH
BUILT IN DISK CONTROLLER

These sub-systems consist of one ot
two TOSHIBA disk drives, a power
supply and a BBC and ATOM compat-
able disk controller card housed in a
strong case. The disk controller card
can read and write to single or double
sided diskettes in single or double

Singie Drive System (400 KByte s!ora%e capacﬂy)

80 column, 80 CPS, super and sub-
scripts, auto underlining, tractor feed, 32
print fonts, Bi-directional printing, logic
seeking, 9 x 9 matrix, high res. graphics

Price Only ..... £299 + VAT = £343.85

MX80 F/T-3

As above but with tractor or friction
paper feed.

Price.....ccuuee. £325 + VAT = £373.75
MX100-3

other
festures of MX80 plus true descenders,
adjustable paper width up to 15inches,
friction or tractor feed, centronic parallel

Price............. £429 + VAT = £493.35

b= 0KI MICROLINE PRINTERS =<

Features 80 columns, 80
CPS, frictton and pirt feed. Unidirectional block

IC B g £219 + VAT = £251.85

MICROLINE 82A: Features 80 columns, 80
GPS, friction and pin feed, bidirectional print-
ing, paraliel and serial (1200 bauds) interface.
9 + VAT = £366.85

e NEG 8023 PRINTER oo

100 CPS, 80 columns, bi-directional friction
and tractor feed, high res. and block graphics,
proportional spacing and Centronic parallel
interface. NEC 8023. £289 + VAT = £332.35

: [

NEW BRITISH COMPUTER
32K Bytes of RAM (expandable to
84K). 16K Byte MICROSOFT
COLOUR BASIC. High res. colour
graphic and very good sound
features. It has full size professional
keyboard and comes complete with
power supply and a, built-in
centronic paraliel printer interface.
It has a cassette interface and a slot
for games cartridges. A floppy disk
interface and DOS will be available
shortly.
Dragon 32........ £165 + VAT = £189.75
Joysticks (per pr}.. £16 + VAT = £18.40
30 CPS Printer... £179 + VAT = £205.85
Printer Cable........ £12 + VAT = £13.80
Cassette Lead £2.60 + VAT = £2.99
Cassette Recorder

£17.90 + VAT = £20.59
Colour Monitor
£199 + VAT = £228.85

¢ DRAGON SOFTWARE ¢

The following software is available
on cassette:
® Personal Finance e Dragon
Special 1 e Dragon Special 2
Quest ® Madness of the Minotaur e
Computavoice ® Graphic Animator
® Flipper ® Space Trader ® Alcatraz
® Escape ® Mansion Adventure

ALL CASSETTES
£6 + VAT = £6.90 each

GASI0 CALCULATORS

® FX-702P the casio pocket computer /calcu-
lator, basic programmer, 55 scientific func-
tions, up to 1.680 program steps.
Special Price............ £65 + VAT = £74.75
® FX-602P programmable calculator, 50
scient!fic funclion and 512 programme steps.
Price.........ccceeeeen £56 + VAT = £64.40
® FA-2 cassette interface for FX-702 and FX
602 Price............... £16 + VAT = £18.40
' FP 10 Mini printer for FZ-702 and FX-602
....................... £37 + VAT - £42.55
0 FX 100 College Scientific Calculator
£12 + VAT = £13.80

=£9.20

& MG-880 Musical Calculator with game

Price £9 + VAT = £10.35

» MG-888 Calculator with 3 games

PIICOL s s g A £9 + VAT = £10.35

. MG 777 Calculator with clock and 3 games
£12 + VAT = £13.80

CASIO CALC / CLOCK / GAME
Basic Calcula- §

tor with alarm jiy
clock and a §
realistic boxing
game on a
large display. §

'"WGIIIIDI.ESS PHONES

4 e Not chen3|ble in UK

LONG RANGE TELEPHONE
This is a long range (2-5 miles) cordiess exten-
sion phone with intercom facility between port-
able hand set and the base station. You can
racelve all incoming call and dial out to anywhere
in the world from the hand set from any location
within 5 mile radius of your home or office. The
maximum range is achieved by using roof top
oplional antenna {not included).
LONG RANGE EXTENSION PHONE .

£249 + VAT = £286.35
OPTIONAL ROOFTOP ANTENNA

£45 + VAT = £51.75

MEDIUM RANGE TELEPHONE
Similar specifications to the above model but with
operational range of 14 to 2, miles (with roof top
antennay.
MEDIUM RANGE EXTENSION PHONE

£179 + VAT = £205.85
OPTIONAL ROOFTOP ANTENNA

£45 + VAT = £51.75

SHORT RANGE TELEPHONE

A short range cordless telephone for use within
the house or from the garden. Receive and make
calls from the hand set. Range approx. 600 feet.
Short Range Telephone... £69 + VAT = £79.35

40 MILE RANGE CAR TELEPHONE

This mobile telephone fits into your car and en-
ables you to receive and make calls to anywhere
in the world from within 40 mile radius of your
home or office (use rooftop antenna).

Car Telephone ........ £1195 + VAT = £1374.25

SHARP VIDEO RECORDERS
AT BARGAIN PRICES

* VC8300 Microprocessor Controlled VHS
video recorder with video search and stil
frame features.

Price.................... £339 + VAT = £388.85
* YCY700 Microprocessor Controlled VHS
video recorder with full remote control, 5
event/14 day timer, video search and still
frame features.

Price...........ccceeen £459 + VAT = £527.85

GUARANTEED LOWEST PRICES

We guarantee that our prices are the lowest on the market. if
you can find any item advertised and in stock at less than our
price we will match that price

SEIKOSHA GP SERIES
amumm Plllll'l'Ells

GP-100 30 CPS, 80 column, Hi-Res
graphnc line repeat function, adjustable up
{0 10" paper width, tractor feed, 5x 7 dot
matrix.
GP-100A centromc parallel interface
179 + VAT = £205.85
GP-100VC Vic 20 intertace
£199 + VAT = £288.85
GP-250X New 50 CPS, 80 column, trac-
tor feed. true descenders, 64 user defined
characters, double height and/or double
width chafacters 5 x 8 dot matric, paraliel
and serial (RS232) interface.
.......... £219 + VAT = £251.85

* GREEN MONITORS 12" green moni-
tors with composite and sync input. Suit-
able for most computers.

BM12A 15MHZ monitor£69 + VAT = £79.35
SM12H 18MHZ monitor £89 + VAT =£102.35
* COLOUR MONITORS 14" colour
monitors, RGB or composite and sync
input.

SCM14N Normal-res. 400 dots £228.85
SCM14M Medium-res. 600 dots  £389.85
SCM14H High-res. 800 dots £573.85

RECHARGEABLE

Code Type Capaclty Price
401 AAA 200 mAH  £1.15 « VAT = £1 32
S101 AR
C1200 C
Di200 D
RX22 PP3 110 mAH  £3.60 + VAT = El 14
8C2204 Unlversnl charger for
A, C, D and PP3 £9.50 + VAT = £10.93

'PIIOFESSIDIIM. MONITORS

This is a four digit boys watch
with  FISHING  GAME and
hourly time signal. It comes in
a chrome colour case and
simulated leather strap. Nor-
mal display ts hours, minutes
and game demonstration dis-
play. The melody is “SUR LE
PONT D' AVINGNON".

Price.. £8.65 + VAT = £9.95

CASIO LB-315

This is an aitractiva 5 function
ladies watch with 7 year non
stop lithium battery. it comes

able stainless steel bracelet.
Price.. £7.20 + VAT = £8.28

In chrome colour with adjust- .

Duai time, 12 or 24 hour op-
tion, count down timer with
memory function, chrono-
graph with lap time, optional
hourly time signal, daily alarm,
3 optiona! melodies or ordi-
nary bleeper. Calendar dis-
play, lithium battery. Staintess
steel bracelet

Price... £19 + VAT = £21.85

Alarm/chronograph and count-
down timer, two line display.
normal display is hours, minutes,
seconds, month, date and day of
the week. Water resistant to
depth of 50 metres. Chrome
colour case and stainless steel
adjustable bracelet.

Price....... £15 + VAT = £17.25

GASIO DW-1000

This is a waterproof divers watch,
up to 200 metres depth. It has
alarm, chronograph and count-
down timer. Atwo line liquid crys-
tal display shows hours, minutes.

seconds, month, date, day of the
week and 12/24 hour option
Comes in Chrome colour and
with a stainless steel bracelet.

Price... £29 + VAT = £33.35

~ FM-WIRELESS INTERCOM

Touch -sensitive TALK,
CALL and LOCK controls
Just plug into mains, no in-
stallation needed. 3 speach
channels (150, 200 and 250
KHz) on each unit. Phase
locked loop FM circuitry
give noise free operation,
bulit in automatic squelich.

CASIO LF-120

This is a very slim § functions
tadies watch. Approximately 5
mm  thick. Comes in chrome
colour and with a staintess steel
adjustable bracelet.

Price..... £8.65 + VAT = £9.95

Use as many stations as
you like. Price per station:
£15 + VAT = £17.25
Price for set of two stations

© £28 + VAT = £32.20

SILENT ALARM/POCKET PAGER

e BATTERI ES el

10 x 50
Magnification
high guality
binoculars
atavery
reasonable
price
£19.95

INCL. VAT

This is an individually coded 4 WATTS Radio trans-
mitter and pocket pager recelver. The alarm system
has connectors for door contacts and vibration
sensors. 2 vibration sensors are included. It has a
range of 2 miles. Ideal for protection of vehicle or pro-
perty. Power requirements for transmitter is 12V dc.
Not licensible in UK

PRICE..............cooinnnn £78 + VAT - £89.70

AKHTER INSTRUMENTS LTD..

DEPT PCT, UNIT 19, ARLINGHYDE ESTATE, SOUTH ROAD, HARLOW, ESSEX, UK CM20 2BZ
TEL: HARLOW (0279) 412639

TELEX: 995801 - A18

ORDERING INFORMATION All orders which accompany a
cheque orcash are CARRIAGE FREE (UK only). Onall other orders a
carriage charge of 3% of invoice total is applicable

(1



Products

HIFI STEREO AMPLIFIER KITS
From one of Britain’s leading esoteric amplifier manufacturers comes an excitin
usuat price penalty.

These new kits offer the choice of moving magnet or moving coil inputs, 40 to 100 watts per channel, in fact, everything that made the previous models so poputar is included but with added
style, easier construction and a full two year warranty.

The new range consists of The CK 1010 Stereo Pre Amplifier, The CK 1040 WPC Power Amplifier, The CK 1100 WPC Power Ampiifier.

CK 1010 J

This kit contains all the necessary parts to build a complete pre-amp, The main PCB is ready assembled and tested therefore construction is simply a matter of point to point wiring and
mechanical assembly of the connections and controls to the pre punched chassis.

The CK 1010 takes its DC supply from the CK 1040, 1100 or, if using a different power ampiifier a PSK power supply kit, Inputs for disc, tuner and tape are provided and an optional add-on
moving coil input can be fitted to extend its versatility. (MCZK)

CK 1040

This is a nominal 40 watt per channel power ampififier kit which features our dual power supply and the DC output for the CK 1010. All components such as heatsinks, wire and connectors are
included and protection is provided from short circuit cutputs.

CK 1100

Similar to the CK 1040 this mode! provides a nominal 100 watts per channel with extra heatsinking and thermal cutouts are provided as standard.
When correctly assembled these kits are guaranteed for two years.

““It would seem then that Crimson have maintained their position at the top of the commercial kit-build field. There is no oriental amplifier | know of that can better the sound of th_is combination
overall at any price and only a few — such as the KA-1000 (€500 + } — are of comparable standard. . . . | can say no more than that for £250 it (CK 1010/MC2K/ 1100} is 2 bargain and one that
becomes the reference point for kit amplifiers from now on.**

PRICES ck 1010 — RRP £92.00; CK 1040.— RRP £121.00; CK 1100 — RRP £151.00; MC2K — RRP £25.00; PSK — RRP £20.00
Barclaycard or Access accepted, otherwise send C.W.0. C.0.D. £1.00 extra. All prices include P& P to anywhere i in the U.K. Export: Write for pro-forma

SEND FOR FULL DETAILS ON OUR HIFI KIT PRODUCTS BY WRITING TO FREEPOST ADDRESS BELOW
- FREEPOST, 9 CLAYMILL ROAD

[ crimsenniekirik ~  ssmasmg

g new package of stereo amplifier kits, designed to offer all the advantages of true high Tidelity but without the

Micro-Professor is a low-cost Z80 based microcomputer which provides you with an

(by phone or post) interesting and inexpensive way to understand the world of microprocessors and utilise

Complete the coupon = their unlimited potential.

today] -« Micro-Professor is a complete hardware and software system whose extensive
Please allow 28 days for delivery. ‘manual gives you detailed schematics and examples of programme code. A superb
Pleasesendme: Price Qty p&p learning development tool for students, hobbyists and microprocessor engineers, as
Micro-Professor ~ £79.95 £295 | well as an excellent teaching aid for instructors of electrical engineering and computer

SSB-MPFboard  £69.95 £2.95 | science courses.
EPB-MPFboard  £84.95 £295 | Technical specification ' . _
PRT-MPFboard £74.75 £295 | Z80 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED display, cassette interface, CTC/PIO
Total facility, 2.25" speaker, three manuals, 36 keyboard. Options include; EPROM board,
speech board and printer board.
enclose cheque/P.O. for £... Please send or telephone for full details.

£7995....

FLIGHT ELECTRONICS LTD. Flight House, Quayside Rd, Southampton,

Hants SO2 4AD. Tel: {0763) 34003/27721. Telex: 477793.

Mail order only @ Trade enquiries welcome @ Bulk order discounts @ Prices include VAT
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FEATURE

TECH TIPS

RAM To ROM
Converter
A. Whitaker, Grimsby

How many times have you ex-
perimented with machine-code on
an MZ-80 computer or similar system
where the monitor is loaded off tape
into RAM, and crashed it by acciden-
tally re-writing the monitor? Faced
with the same problem on a
Z80-based system | am planning to
build, | devised a method of turning
RAM into ROM under software con-
trol. The idea is really very simple —
after the monitor or desired language
has been loaded from tape into the
computer, an OUT instruction is used
to program the inputs of a bank of OR
gates. Whether the OR gates are in-
side a chip or made from two diodes
and a resistor, by considering one in-
put as an enable, we see that if the
enable goes high (logic 1) the output
must also go high, irrespective of the
data on the other input. This can be
used to disable the WRITE line going
to a RAM board. When the enable in-
put is low (logic 0) the OR gate acts as
a buffer and lets the data on the other
input through, so the WRITE line is
unaffected. By disabling the WRITE
pin on a RAM chip, the RAM is turn-
ed into a Read Only Memory — ob-
viously this will not stop your RAM

from losing its.contents as soon as the-
power is turned off, but can prevent
loss of data due to the odd bug in a
user's program.

Although the basic idea was just
to protect the language loaded off
tape, special areas of memory can be
protected by using address decoding
or simply interrupting the WRITE line
going to individual RAM chips. Using
one of these methods, OUT
statements could be used before
running a program to disable most of
the RAM, leaving only workspace
and/or the screen (video) RAM to be
corrupted by the user’s program.

ADDRESS DECODING
OR PORT

280 CPU

BUFFER

i PORT

T I 1T T T 1T 1
DO} D1D2D3D4 D5 D6 D7
D WR

WR TO RAM GHIP(S)

RV1

100k R1
15k
C1

470nT

FROM
AMPLIFIER

Modified
Loudspeaker

Protection Module

A. Caulderhead, 62 Hayfield
Terrace, Denny, Stirlingshire

Having built the Audiophile 4000
system and installed the speaker pro-
tector as published in ETI July 1980,
my main misgiving with this arrange-
ment was that | had to open up the
power amp case to check or change
the battery; it also meant that the
amplifier was connected to the
speakers via two relays.

| have since built the System A
amplifier and installed this modified
version of the protection circuit. This
uses the two spare inverters in the
4049B and gives a 2-4 second switch-

- on delay. The output of IC1f is .at

logic 1 until C4 charges up, holding
ICle’s output low. Q1 is therefore
turned off for this period and the
loudspeakers are not connected. Q2
is biased on and LED1 lights up to
indicate that the speakers are
disconnected. Note that in this case,
the speakers must be wired through
the normally-open contacts on the
relay rather than the normally-closed
contacts as in the original design: this
gives the added advantage that the
circuit fails safe.

The whole lot is powered from the
System A preamp supply, which is
regulated to 5 V to power IC1.

PS. If any readers from my neck
of the woods want to hear the System
A they can drop a line to the above
address.

: ) Q+21V
IC1 1S 40498
1C2 IS 78L05 R6 com IJ
Q115 BD139 SMB%
Q2 IS BC337 OR SIMILAR c5
D1-4,8 ARE 1N4002 OR SIMILAR 220n
D57 ARE 1N4148 OR SIMILAR
G RLA 24V
D7 PCE
MOUNTING
Q oV

TO LOUD-J

SPEAKER

O o a RLA1

ed“a ext and drawings musi
s&de ti(m shau‘fd be sent ta £T)
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i it & from a mains
PAIZISASY £1.85. SPMB) 3v Stabiised supply Suit. 2 x currents up 10 254 operates drect )
ALGD PATOD to 15 watts £4.84 SPMI204S 4% tansformer requiring only the addition of two Etectroiytic STEREO e e o P
supph capacitors to comglete the pawer supply, e is ly ow popular , modifications
SEbiiesd Suit ZFETALER PATOR 10175 PRE-AMPLIFIERS being made to make it compatible with the higher

. SPM120/65 65v Stabiksed supply Suit: 2 x AL120 PA2I0 1 x AL250 £5.38.

BI-PAK Audio Modules are famous for thew variety, quality of design and ruggedness. For aver 10 vears BI-PAK have

HIGH QUALITY MODULES FOR STEREO been soppéers 1 manufachrers of figh uskty audio equpment txcughont the workd — to dte, wel ver 100000

modules have been sold — this is why ¥ amateur a p i ke nsist on using Bi-PAK
modules in thew equipment.
MONO AND OTHER AUDIO EQUlPMENT They know that every item is designed and tested to do the job for which it is intended before @ teaves the factory.
Whetever you are huilding there is a lit or module in the BI-PAK range to suit your every need.

AUDIO AMPLIFIER [ AUDIO AMPLIFIER

Audio Ampfifier, SIW R.M.S., with integral heat sink and 125 wetts (RMS), AL250.
short croiit protection. A power ampifier providing an output of up to 125w
Introduced 1o fulti the demand {or a fully protected RMS, into a & chm load. Four 115w transistors in the
power amp., capable fo driving high quality speaker output stage makes it extremely rugged while damage
systems at up to S0w with distortion levels below 05% from wncorrect or short curcuit loads is prevented by a
tdeal for domestic use. Discos, P/A., systems, eectronic four transistor protection circuit For use in many
organs, etc. The generously rated components ensure applications such as disco units, sound rednforcement
continuous opevation at high systems, background music players etc.

; _ £1960

AUDIO AMPLIFIERS
510 watts (RMS)

AL2 5 watt Audio Amp Modue 22-30v supply £357
ALYGA 710 watt Audio Amp. Module 22.2v

AUDIO AMPLIFIERS
152535 watts (RMS)

4, output levels ALIZ0 50 watt AL250 125 watt Audio Amp
Audio Amp’ Module Module 5680v
507V supply supply

£13.14

ALBD 1525 watt Audio Amp Module 30-50v
swoty £5.15.

ALBO 3 watt Audio Amp Moduie £8.07

. SPMI20 s a fixed vottage
POWER - P statiliser with an output voliage of

. SUPPLIES aither 4bv, 55, or 6ov. Desgned for use in

PS12 24v Supply Suit:2 x AUIO 2 x ALZ0 2 x ML3D & audio apkcations, the stabiliser which provides autout

watts £5.30 SPMIZ S Satiksad sy St 2 x ALSO PRZID 5532 PA12 Supply voltage 22-3v input sensitvity 300mv Suit:  output amplifiers ie. AL120 & ALZ50. The unit boasts six

ALID/ALZ0/AL30 £8.55. PAT00 Supply voftage 30 55v push button selectors giving a choice of 3 inputs, 2
inputs. Tape Tunes Mag P.U. Suit: ALBO/ALBD £17.85. fifters, for bath high and low frequencies and a stereo o
PAZI0 Supgly voltage 3670v inputs. Tape Tuner Mag mong button, ail combining to give a top quality stereo
PLU. Suit: ALBYALI20/ALZ0 £1324 pre-ampifier and tone control

S0 15015 Stabised power suppiy for 2 x GE100 MK} £3.80.

MINIATUREFM 7 MONO PRE-AMPLIFIERS

T GE100 MKil
TRANSMITTER MODULE Mynm suitable l_m disco mixer. MM1D0G suitable for

10 Chaanél,

PUSH

; BUTTON
guitar pre-amg mixer. Monographic
i i b':;"“,&:;ic"e‘::eg'{:u‘fm",‘ The MM100 and MM1005 mono pre-ampliers are Equaiser. e STEREO FM
o Ul LR “Gompatible with the ALGD AL80 ALI20 and AL250 power TUNER

ideal for: 007-MI9-FBI-CIA-KGB-etc. Price£5.50
MAGNETIC CARTRIDGE
PRE-AMPLIFIER

Enjoy the guakity of a magnetic cartridge with your
ceramic equipment using the MPA3D which is & quality
pre-amp. enabling magnstic cartridges to be used where
tacilities exist for ceramic cartridges only. With a
DIN input socket & tull, easy to folow instructions.
MPAY) Stereo Mag Cartndge, Pre-amp.
— input 35mv Output 100mv £327.

Only 155mm x 65mm x 50mm induding the 10x 10K 45mm
slider potentiometers and knobs which are mounted

on a board above the circuitry. in the range of 31Hz to
‘IE(HZ you: can cut and boost +124B with the 10 shiders,
each with frequency marked on the circuit board. The
GE10D uses include muxers, P.A, systems and discos. It
wilt also improve the sound reproduction of your existing
audio equpment. Power supply for GE100 od 5630
Together with Transformer no: 2043
GE100 MKII 10 Channel mano-graphi
Equaser with sidors & Koots | £20.00.

amplifiers and their associated pewer supphes.

MM?00 Supply voitage 40-B5 inputs. Tape Mag P U.
Microphone Max output 500mv £12.43 MM100G Supply
voltage 40-6v inputs: 2 Guitars, Microphones Max output
S00mv " ;

Fitted with Phase focked loop decoder

5453 Provides instant programme seiection at the touch
nf a button ensuring accurate fuing of 4 pre-selectec
stations, any of which may be altered as otten as vou
choose, smply by chenging the settings of the prese!
controls. Features include FET input
stage, Varicap diode
tuning,

£19.00.

REGULATED
VARIABLE
STABILISED POWER SUPPLY

Variabie from 2-30 voits and 0.2 Amps Kit includes. -

1 - VPS31 Module, 1 ~ 25 voit 2 amp transformer

1 - 050v 2" Pangl Meter, 1 - 02 amp 2" Panel Meter
1 - 470 ohm wirewound potentiometer, 1 ~ 4K7 ohr
wirewound potentiometer Wiring Diagram

inclided VPSX0 KIT £2()

SIREN ALARM MODULE
American Pohce Iype scresmer powered from acy D
volt supply into 4 or 8 ohm speaker. Ideal *x @ ou g
alarm, freezer break-down and otner secur
purposes.  BP124 § watt 1v mex -

Siren Alm Modvie £3 88

BI-PAK’s COMPLETELY NEW CATALOGUE

Compietely re-designed Full of the type of compenerts you requite plus some
very iateresting ones you wiil S0on be using and of course the fargest range of
sermconductors for the Amate -+ and Professional you could hope to fing

Transformers are not incuded with

power supplies. SPM120 Range
also require reservor and outjut capacitors

TRANSFORMERS

2034 1.7 amp 35 suil SPMIC £4.90. 2035 2 amp

S £6.85. 2036 750mA 17v Suit PS12 £2.86. 2040 15
amp B4Sv-5 Suit SPMT2046 SPM12085¢ £65.45.
2041 2 amp 05565 Suit SPM120/85

SPM120%B5v £8.46. 2039 1 amp G-20v Suit Stereo

30 £350. 2043 150mA 15015 Suit SGI0 £1.50.

ACCESSORIES

139 Teak Cabinet Suit Stereo 30 220 x 26 x
Blmm £7.00. 140 Tesk Cabinet Suit STA15 425 x 200 x
%mm £9.58 FP100 Front Panet for PA100 &

PA200 £1.80. BP100 Back Panef for PAI00 B

PA200 £1.80 GEMOFP Front Panel for one
GEV0OMKII £1.75. TCEC Kit of Parts including Teak
Cabinet chassis, sockets B knobs etc fto house STA1S
Amplifier) £17.50. PS250 Consists - 1 capacitor & 4
diodes for constructing onstabitised power supply for
ALZS0 10 125 watts £290

There are ng wasted page of useless miy:mation sy otten inciuded 1a
Catalogues published nowadays Just solid facts re price descniphon and
indvidual features of wha! we have available Butiemember Bi Pak s poncy
has always been to vt qualsty Lomponents al compettive prices and THAT

WE STILL DO.

BI-PAK S COMPLETULY NEW CATALOGUL 15 now available to voi Yoy will be

amazed how much you Can save when you shop for Hectron:c Components wdb
8 Bi Pab Catalogue Have one by you all the time—1t pays 16 buy B PAR

To receve your copy send 75p pius 25p pé&p

Bl-KITS e erasineaiaasm ey, -
STAS 5 watts per channel Steveo Amplifier Kit consistng STAT5 16 watts per channel Stereo Amplifier Kit supply 1 x 2040 vansformer 2 x coupg
of 2 x AL20 amplifiers 1 x PA12 pre-amplifier 1 x PS12  consisting of 2 x ALEQ amplifiers 1 x PA100 pre-amplifier capacitors for B ohrms 470 mid 4% * : reservow
power suppy 1 x 203 tansformer and necessary wirning 1 x SPMB0 power supply 1 x 2034 transformer 2 x capacitor 200 mfd 100v and necessary wirng dagra
diagram  £19.52. STAI0 10 watts per channel Stereo coupling capacitors for B ohms 470 mfd S0v and £45.76. STAX 35 warts per channel Stereg Amplifier Kit conseeong 5 2 ¢
Ampliifier Kt consisting of 2 x AL3) amphfiers 1 x PA12  necessary wiring dagrams £36.76. STAZS 25 watts per  ALBG ampiifiers 1 x SPMI2IE power supply ¥ x PA200 oreamcifer
pe-ampiifier 1 x PS12 power supply 1 x 2036 channel Stereo Amplifier Kit consisting of 2 x ALSD 2035 ransformer 2 x coupfing capacitors 470 méd at 50v for % oherm T
transformer and necessary wiring disgrams £20.63. ampifiers 1 x PAY0O pre-amplifier 1 x SPM120M5 power  reservoir capacitor 2200 mfd 100v and necessay wiring degrar: £46.78,

 Send your orders to Dept.ETI1, BI-PAK PO BOX 6 WARE HERTS N/ Use your credit card. Ring us on Ware 3182 NOW and
SHDPAT 3 BALDOCK ST., WARE HERTS. = get yous order even taster. Goods normally sent 2nd
TERMS, CASH WITH DRDER, SAME DAY DESPATCH, ACCESS . Class Mail.

BARCLAYCARD ALSO ACCEPTED, TEL {0920} 3182. GIRO 388 7006 Remember you must add VAT at 15% to yous ovder
] fAT AND 75p PER DRDER POSTAGE AND PACKING = Total. Postage 2dd.50p per Totat orde
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PROJECT

A single VCO on a synth is, to b

e honest, pretty boring.

Generate rich multiple oscillator sounds by hooking it up to one
of our multiplier boards. Design by David Ward-Hunt.

any synthesisers, both mono

and polyphonic, utilise two

or more VCOs, slightly
detuned, to generate a rich
chorusing sound. Chorus or phasing
treatment of a single VCO can go
some way towards livening up the
sound, but these tend to suffer from
a rather repetitive sweep and on
some units a considerable amount
of background noise during periods
of silence — not to mention aliasing
when used with high frequency
high harmonic content waveforms
‘which any decent synthesiser is
capable of producing.

The beauty of using two or
more slightly detuned oscillators is
that in addition to producing a full
chorusing sound, the problems of .
background noise anchandwidth
are eliminated. However, multiple
VCOs don’t come cheap! An
alternative method of achieving a
‘multiple oscillator sound’ is to
generate additional waveforms from
the existing VCO output. If each of
these ‘new’ waveforms is out of
phase with the original and with
each other, then a fuller sound will
be heard. However, the richness of
the sound from multiple oscillators
comes not from the fact that they
are out of phase with each other,
but from the fact that the phase
difference is continually changing —
the ear perceives phase change
rather than phase difference.
Therefore it is necessary not only to
have additional out-of-phase
waveforms, but their phase
differences should be continually
moving with respect to each other
and the original.

A Passing Phase

The circuit described here does
just that. It will accept sawtooth,
triangle or sine wave inputs, though
with the latter two the output will
bear little resemblance to the
original waveform due to the circuit
action: however, they are still useful
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The picture shows how the prototype was mounted in a Teko Alba A23 case, but
this is not essential and most people will build the boards into their synth.

sounds to experiment with. The
circuit has been used successfully to
treat the VCO sawtooth outputs
from a number of synthesisers
including the Transcendent,
Digisound ‘80 and PE Minisonic; it
has also been used with a Korg
Sigma and Roland SHO02 (see the
interfacing notes below). The one
disadvantage of the circuit (there
has to be one, doesn’t there?) is that
for setting-up purposes, constructors
will need access to a scope or a
second VCO with which to adjust

-the circuit to produce the correct

waveforms.

Using The Multiplier

The multiplier board is fed with
the output from your existing VCO.
With a sawtooth waveform fed to
the circuit, the output. is a series of
six sawtooth waveforms each
individually phase modulated and
mixed with the original sawtooth
from the VCO. One multiplier PCB :
(generating six ‘new’ waveforms) is
used with each VCO. If you do
have two or more VCOs each
feeding a separate multiplier board
the effect is outstanding, especially
when the VCOs are tuned to form a

chord. The output from the
multiplier(s) is then fed back to the
synthesiser and treated by the VCF
and VCA in the normal way.

Construction

The project consists of two
PCBs. The first holds the modulation
oscillators for phase modulating the
multiplier; the second PCB holds
the multipliers and associated
circuitry. The reason for splitting the
project into two PCBs is that one
modulation PCB is sufficient to drive
up to four multiplier PCBs. (In fact
there is no reason why it wouldn’t
drive more; however, we believe
that if you intend to use more than
four multiplier boards, the small
additional expense of another
modulator is well worth it for
adding an even richer sound.)

All the components are
mounted on the two PCBs with the
exception of two diodes which are
mounted on a switch (thereby
saving two wires from the PCB to
the switch). The only external
connections required are the VCO
input and the output from the unit
plus the power supply connections
(see below) which ideally should
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INPUT .
FROM 6 WAVEFORM o

VGO i MULTIPLIERS

A4 v

SW1 ]
MODULATION

DEPTH \_ 6 MODULATION
CONTROL ° OSCILLATORS

SWITCH

Fig. 1 Block diagram of the ETI
Waveform Multiplier. Should you
require an even richer sound, there’s
no reason why more than six
multipliers shouldn’t be used.

input 1O | ,
COMPARATOR |
FROM SYNTH VCQ

RISING
MODULATION
VOLTAGE VIAR12

COMPARATOR
QUTPUT IC2a PIN 7

1C2b QUTPUT WITH
PR12 CORRECTLY
ADJUSTED

IC2b QUTPUT
PRIOR TO
ADJUSTMENT OF
PR12

VARIABLE

(NOTE JUMPS MAY | | | | AMPLITUDE

BE POSITIVE OR
NEGATIVE-GOING
DEPENDENT ON
PR12 INITIAL
SETTING)
Fig. 2 The waveforms associated with
various sections of the circuit. This
indicates the operation of the unit and
will also guide those people who are
setting up the unit with an
oscilloscope.

-

come from the same power supply
as the VCO being input to the unit.

Interwiring between the PCBs
should be clear from the diagram,
as should the wiring up of the
switch with its associated zener
diodes. The switch is a DPDT with
centre off and it is essential (for
setting-up purposes if nothing else)
to have this ‘off’ position (see
Buylines).

A note is in order here about
the component numbering. In order
to make the numbering clearer and
logically the same for each of the
six multipliers on the PCB, each
resistor or preset is designated by a
two-figure number. The first figure
indicates which of the six multipliers
it is associated with, and the second
is the ‘relative number’ of the
component. For example, R11 is
‘R1’ on the first multiplier, R21 is
‘R1’" on the second multiplier, R35 is
‘R5’ on the third multiplier and so
on.

With regard to the modulation
PCB, though all the capacitors are
of the same value, take care not to
mix up the resistors associated with
the two oscillators, as each
oscillator should have all three of its
resistors the same value. If not, the
modulation output waveform will
take on a pulse form at the output
associated with the first op-amp in
each oscillator.

A

PARTS LIST

MODULATION BOARD
Resistors (all W, 5%)

R1-3 1M38

R4-6 2M2

Capacitors

C1-8 100n polyester

Semiconductors

IC1 LM324

1IC2 EM1458

D1,2 6V2 400 mW zener

Miscellaneous

SW1 DPDT with centre off (see
Buylines)

PCB (see Buylines)

MULTIPLIER BOARD
Resistors (all IW, 5%)

R1-3,

11,12,13,14,

15,16,21,22,

etc to 66 100k (39 in total)
R4 18k

Potentiometers

PR11-61 100k miniature horizontal ! |
preset (six in total) ]

PR12-62 220k miniature horizontal
preset (six in total)

Capacitors

C1,2 47u 16 V PCB electrolytic

C3-6 100n polyester

Semiconductors

IC1 LM1458
1C2-4 LM324
D1-6 1N4148

Miscellaneous
PCB (see Buylines); case to suit (Teko
Alba A23); sockets to suit.

NOTE: 100n
IC1 1S LM324
IC2 IS LM1458

C5 C6
100n 100n

TO R42 TO R62 TO R32 TO R22 TO R12
. o
- -
ON MULTIPLIER BOARD ON MULTIPLIER BOARD
O R é?ﬁpaﬁn?szvﬁm—nggegl
| DOTTED LINES ARE REPEATE|
1 TE o0k EVE FOR EACH OF THE SIX |
I MULTIPLIERS |
+VE O e +VE 1 i
C1 L" c3 l c5 .L i |l
47y T 100nT 100nT = INPUT EROM } i
1d OUTPUT
Vo > ooy [ MOLTIPLIER {MODULATION) | |
cz,Jz*; c4 .L c6 J. R2 T
; 47uT 100nT 100nT 100k }
~VE O 3 , O -VE | |
ZD1 SYNTHESISER |
] Vo INPUT O |
o - +VE Y i
j : NCTE:
- L IC7 1S LM 458
l T L%DULATION i D6 ARL 1
! ) D16 ARE 184128
f 00V »pcE —
w2 | cs 5 OTHER MULTIPLIERS ———— {  oem——dp
'q { 100n —
o | O —VE
& R3
sw1 100k
A%

NOTE:
ZD1,2 ARE 6V2 ZENERS
SW1 1S DPDT WITH CENTRE OFF

Fig. 3 Complete circuit diagram of the Waveform Multiplier.
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PROJECT : Chorus

Fig. 4 Component overlays for the modulator board (top) and the multiplier board
(bottom), and the interwiring required. Several multiplier boards may be driven

HOW IT WORKS

from one modulator board.

U R R
IS RS R

REAR VIEW OF
SWITCH, sw1

ZD2

VCO IN VCO ouT

LINK
sig—

The modulation oscillators are based on
a standard three phase oscillator; two of
these are used. Each of the three
integrators in the loop outputs a
waveform that is one-third of a cycle
behind the others. The speed of the two
oscillators is set at about 0.6Hz and
0.4Hz respectively. This modulation
rate was found to give the best
simulation of a number of oscillators
running in free phase over a wide
keyboard span.

It should be noted that the output of
these oscillators is, in fact, a trapezoid
shape waveform and it might be thought
that some filtering would be required to
produce a waveform more akin to a sine
wave. This was tried in the development
stage, but in practice the trapezoid
waveform gave a better randomness to
the overall output, whereas with a sine
.wave modulation a more definite sweep
could be detected on long sustained
notes.

Referring now to the multiplier cir-
cuit, the output from the synthesiser
VCO is taken to IC1a configured as an
inverter/buffer; the VCO waveform also
goes to one input of the comparator
IC2a. The other input of the comparator
is fed with a voltage set up on PR11
together with the modulation voltage via

R12. With a positive-going sawtooth, the
point at which the comparator goes high
is determined by the sum of the fixed
voltage from PR11 and the modulating
voltage via R12. As shown in the
waveform diagram, with a rising
modulation voltage the width of the
pulse at the comparator’s output in-
creases. However, the comparator will,
of course, always reset at the same mo-

_.ment as the VCO sawtooth. Thus the

comparator’s reset is synchronised with
the original sawtooth, whereas its
positive-going excursion can be voltage-
controlled to any point within one cycle
of the input waveform.

The output of the comparator is rec-
tified by D1 and summed with the in-
verted sawtooth from ICla via R11.
These voltages (actually currents) result
in a new sawtooth whose reset point is
determined by the positive-going edge of
the comparator. Thus, as shown in the
waveform diagram, this new sawtooth is
phase-shifted from the original and the
amount of phase shift is dependent on
the comparator pulse width. The output
‘of the summing amplifier 1C2b is taken
via R15 and mixed with the other
multiplier outputs plus the _original
sawtooth (via R3), where IC1b acts*as
the mixing amplifier.
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Setting Up

As stated earlier in the article,
setting up requires access to an
oscilloscope; you should have two
VCOs and some method of listening
to their output, but hopefully these
requirements will not be a problem
for most constructors.

Once all the components. have
been installed, ensure that the ICs,
diodes and the two polarised
capacitors are correctly orientated.
All the ICs should be facing the
same way and the diodes mounted
on the PCB should have their band
pointing towards pin 1/pin 14 of the
ICs. Turn all the presets to their
mid-position.

The setting up procedure is
reasonably straightforward, though
repetitive, since each of the six
multipliers has two presets which
need to be adjusted; however, your
efforts will be rewarded!
Constructors with access to a scope
will find it easier to use the scope to
see the various waveforms
mentioned in the text. Those of you
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A view inside the prototype showing how it is configured to provide four )
dulator board. Miniature jack sockets are

independent channels driven by one mo

-

used for input and output (see also the lead photograph).

without a scope will be using your
ears rather than your eyes, so make
sure you have some means of
listening handy. Either an amplifier
and speakers, or headphones of
reasonable quality will do, but
remember we are listening to a
‘raw’ signal so don’t stick it straight
into your favourite hi-fi amp!

The first step is to power up the
circuit and apply a VCO sawtooth
waveform running at about 500 Hz
{for ease of listening — so with a
scope it doesn’t matter). Ensure that
the modulation switch is in the off
position. Attach a lead to the output
of IC1b (junction of pin 7 and R2).
This should be outputting the VCO
sawtooth (inverted). Next move the
scope probe or audio lead to the
junction of D1 and PR12 (marked A
on the component overlay). This is
the comparator output from which
we want to get an approximate
square wave output. At first you
may hear no sound at all, but as
PR11 is rotated you should hear a
square wave break in with the pulse
width varying as you turn the
preset. Adjust PR11 for an
approximate 50% duty cycle. (For

———BUYLINES

A kit of parts for this project, comprisin
| glass fibre PCB and al eledronig comg-
nents, is available from Digisound
td, 14-16 Queen Street, Blackpool,
Lancs FY1 1PQ. The prices, inclusive of
VAT and postage, are £10 for the
multiplier and £6.05 for the modulator.
Housing the projeet is entirely up to you
and most will simply fit the
boards inside their synth, but we put
| ours into a Teko Alba A23 case to match
the rest of the Project 80 modules. If you
want to da likewise, the case is available
1| from West Hyde, Unit 9, Park Street In-
dustrial Estate, Aylesbury, Buck.
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those unfamiliar with this sound,
adjust PR11 for the ‘loudest’ sound.
When the duty cycle is less than
about 30% or more than about 70%
a ‘thin’ spiky sound predominates,
so set PR11 midway between these
two — an accurate 50% is not

“important.) Repeat this step on each

of the five other multipliers.

With the comparators now set
up, we need to adjust the presets
on the comparator outputs so as to
give a smooth sawtooth waveform.
PR12 is the preset associated with
this adjustment. Attach your lead to
the output of IC2b (junction of pin 1
and R15 — point B on the overlay).
Until PR12 is correctly adjusted the
sawtooth will contain a jump in it as
shown in the waveform diagram.
Using a scope, all you need to do is
turn PR12 until this jump is
smoothed out. Without a scope you
will need two VCOs in order to
accomplish this adjustment.

First, slow down the VCO
which is connected to the circuit, to
its lowest setting (somewhere
around one cycle per second is
fine). Now attach a lead from the
aforementioned junction of pin 1
and R15 (point B) and run it to the
FM input of your second VCO. if
you now listen to the output of this
second VCO it will be frequency-
modulated by the sawtooth wave
that we need to smooth out. So all
you need to do now is turn PR12
until this second VCO gives a
smooth upward frequency sweep
followed by a sudden return to the

starting frequency. This may sound -

difficult to perform but in fact it is
surprising how easily the ear can
detect any jumps in the modulating

PROIECT : Chorus

waveform. However, if you are
unsure of what a VCO sounds like
when it is being frequency-
modulated by a slow running
sawtooth, listen to this effect on its

.own before trying to set up PR12..

Again this adjustment is carried out
on each of the six multipliers.

With all the multipliers now set
up, speed up the VCO connected to
the circuit, attach a lead to the
output and you should see/hear a
multiple sawtooth waveform. Now
switch the modulators on (either
setting of SW1) and you should hear
a ‘phasing’ sound as the modulation
builds up. Finally, check that the
two ‘on’ positions of SW1 give
different depths of modulation.

If, when the modulation switch
is set to ‘full’ you find you can hear
a distinct pause or break in one of
the new waveforms, this indicates
an incorrect setting of the preset
associated with the comparator. To
determine which one needs a finer
adjustment, check each of the six
multipliers by attaching an audio
lead or probe to point B and adjust
PR11, 21, 31 etc as appropriate, so
that even with full modulation
depth the comparator (and thus the
sawtooth) remain within the range
of one full cycle of the original
sawtooth.

Interfacing Notes

The original circuit was
developed for a Digisound 80
modular synthesiser; this has +15V
supplies and a positive-going 0-10V
VCO output. However, the circuit is
fairly tolerant of a wide range of
conditions and can be adapted to
almost any synth with possibly some
small additional components. The
most likely problem concerns the
ratio of the VCO output amplitude
when compared with the voltage
supply rails. The minimum and
maximum supply voltages to the
circuit described are +5V to
+16V. Bearing in mind these two
limits, the waveform to be treated
should be equal to or greater than
one-third the sum of the voltage
rails.

If the input waveform does not
meet these requirements the
obvious course is to add an op-amp
to the front end of the circuit to
bring the waveform up to the
required level. For instance, with
the PE Minisonic, which is pretty
much a worst case, the power
supply is +9V, the VCO output is
1V peak-to-peak. In this case a
simple x6 amplifier would do, but
so as to allow plenty of headroom a
x8 amplifier was made up. ETI
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COMPUTER WAREHOUSE _

ALLADINS
HARTY

| DISK DRIVES

Dinbio/ORE Serles 30 2.5 mb. fully refurbished DEC RK05
media and software compatable. Front ioad £550.

Top load £298.
PSU for2 drives £128.

Diablo -Dre 44A-4000A or 4000B 10 mb 5+5 removable

peck new and refurbished from £998.

CDC 80 mb removable pack DEC RM03 media and software

compatible brand new from£2, 950.

Honeyweli 545 10 mb drives £480 good s/h condition.
Formore information on controllers, expansions and readyto
g0 sub systems contact sales office.

COOLING FANS

Keep your“Hot Parts” cool and reliable with our
range of professional fans.

I 99XUO01 Miniature equipment fan 240
vac working DIM 92 x 25 mm BRAND NEW
complete with finger guard Makers price £16
our prico£9.

BUHLER 69.11.22 micro miniature 8-16 vDC
reversible fan. Measures only 62 x 62 x 22 mm.
Uses a brushtess DC servo motor almost silent
running ideal portable equipment, life in excess
of 10,000 hours BRAND NEW manutactures
&rice £32.00 our price£12.95
UFFIN/CENTAUR cooling fans DIM 120 x
120 x 38 mm tested ex equipment 240v £6,28
115vE4 P8 +P&££1.90
KOOLTRONICS Powerful snail type blower
gives massive air movement with centrifugal
rotor DIM asa cube 8" x8"x 6™ airaperture2.5" x

AVE OF COMPUTER AND ELECTRONIC EQUIPMENT§
COMPUTER ‘CAB’ '

Allin one quality computer cabinet

with integral switched mode PSU.

Mains filtering and twinfan cooling.

made for the famous

PDP8 computer system costing 1000's of pounds,
and designed to run 24 hours per day. The PSU is fully
screened and will deliver a massive +5v DC at 17 amps,
+15v DC at 1 amp and-15v DC at 5 amps. The unit is fuily
enclosed with removabile top lid, twin fan cooling, mains
filtering, trip switch, ‘power on’ and ‘run' LED's, aluminium
front panei and rear cable entrys. Give your system that
professional finish for only £49.98 + £9.50 carr.— Dim. 19"
wide 16"deep 10.5" high. Usablearea 16" w.10.5"h.11.5"d.
Units are ingood butusedcondition240 or110vworking—
compiete with data. Large stocks of PDP 8 spares —enqujre.

 DISTELO

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000’s
of stock items and order via your computer
and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

NS

'T MISS THOSE mgul

DON CALL NOW, IT'S FREE! e
week 24 hrs.

01-683 1133 =7
'z 8" n,o’!'!‘l DISK DRIVES

Original
DE

Unbelievabie value the DRE 7100 & 7200 8"
disk drives utilise the finest technology to
give you 100% bus compatability with most drives available today, the only difference
beinq our PRICE and the superb manufacturing quality. The 7100 single sided & 7200
double sided drive a t hard or soft sectoring. IBM or ANS! standard F?‘i’ving a
massive 0.8 MB(7100) & 1.6 MB (7200) of storage. Absolutely SHUGART, BASF,
SIEMENS etc compatabie. Supplied BRAND NEW with user manual and 90 day

warranty.

7100 single sided. . ... £225.00 + 950 +vat

7200 double sided £295.00 +9.50 carr + vat

fulgh_achnical manual £20.00 alone £9.00 with drive, refund of difference on purchase
rive.

95 +£1.90 p&p

Removed from working equipment but untested. SA120 Alignment disk's £9.95

25 winange i BRANDNER | 10vs0Hs SHUGART s/h 800-2 8” Drive’s 110v 50Hz motor £160 +£9.50 carr.

ac working ONLY E!

. SUPER SCOOP

The “Do everything Printes” at a price that will NEVER be

repeated Standard Centronics interface, fullgraphics,4 type

fonts witl}hlgh crlsﬂnmon & proportional
ing for wo b

-

FROM£193 + CAR. +VA\33\ L =
Fully fledged industry standard ASR33 data
terminal. Many features including ASCIi

keyboard and printer for data I/O auto data

>ns, 80-132 detect circuitry. RS232 serial interface. 110

columns, single sheet, roll or sprocket pa|
much more. Available only from DISPLAY ELECTRON
ridiculous price of only £299.00
Options: carriage & insurance £70.00
Interface Cable £10.00
RS232 Converter£45.00

by baud, 8 bit paper tape punch and reader for.
off line data preparation and ridiculously
cheap and reliable data storage. Suppiiedin
good condition and in working order
Options: Floor stand£12.50 + VAT

KSR33 with 20ma loop interface£125.00 +

Sound proof enclosure £25.00 + VAT

r handli lus

SAVE
£250

The amazing SOFTY 2. The complete“toolkit”
for the open heart software surgson. Cogies,
Dispiays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Manyotherfeatures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceed capabilities of
units costing 7 times the price! Only

£169.00 pp£1.95  Data shest on request
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TANGERINE ONIO ETC,

Straight from the USA made by the world
famous RCA Co, the VP800 Series of cased
freestanding keyboards meet all requirements
of the most exacting user, right downto the
price! Utilising the latest in switch technology.
Guaranteed in excess of 5 million operations.
The keyboard has a host of other features
including full ASCII 128 character set, user
definable keys, upper/iower case, rollover
protection, single 5V raii, keyboard impervious
toliquids and dust, TTL orCMOS outputs, even
an onr-board tone generator for keypress
feedback and a 1 year full RCA backed

uarantee.
ePOM 7 bit fully codgd output with delayed

strobe, etc £43.95
VP811 Same as VP601 with
£54.95

numsric pad
VPS08 Serial, RS232, 20MA and TTL

outputwith6selectableBaudRates  £64.26
VP616 Same as VPE06, with

numeric pad £84.34
Plug and cable for VP01, VP611 £2.25
Plug for VPB08, VP616£2.10
Post, Packing and Insurance £1.98
ORDER NOWOR SEND FOR DETAILS
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MAINS FILTERS

Professional type mains filters as used by
“Main Frame” manufacturers. Ideal for curing
those unnerving hang ups and data glitches —
fit one now and cure your probiems.
Suppression Devices SASA

uptoSampload £5.95

Corcom IncF1886 upto20 amp load £9.50
Corcominc F1800 upto30 ampload £12.2§

RECHARGEABLE
BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver
over 300 amps on short circuit!! Brand new
atonly£2.98 - -

SAFY VR2C size'C' 1.2v2 ah, nicket
cadmium£1.80 each 10 for£11.50

D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all silicon electronics. Outfuts give +5v@ 2amps.
+12v@ 800 ma.-12v@ 800 ma. +24v @ 350 ma. 5v @ 50 ma. floating. Dim 160 x 120x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit. Transformer guaranteed. Only
£14.30 +£2.50 pp.

POWER ONE CP143 super compact unit giving continuous output of 5v @ 5 amps.
dim. 215 x 67 x 80 mm. BRAND NEW and guaranteed Only £21.00 + £1.50 pp.
CUSTOM POWERCOS5 5v @ 3 amp. Very compact unit dim. approx60 x 90 x 190 mm.
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
Ell.95+p‘pﬂ1.25 .
MINI SYSTEM PSU Ex equipment unit ideal for the smali micro. Outputs give Sv @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
iugr:rzegtolimit. Fully tested. Dim 70 x 165 x320 mm. Complete with Circuit only£12.95
.00 pp.

PERIPHERAL SYSTEM SUPPLY. Fully cased unit su;
used condition.Outputs give Sv @ 11 amps, “+” 15-17v @ 8 amps. “" 15-17v @ 8 amps
and “+” 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is futly
regulated. Fan cooled Supplied tested, with circuit£55.00 + £8.50 carr.

IN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
outputs give 5 volts @ 50 amps. +12v @ 5 amps -12v @ 10 amps. All output are fully
regulated with crowbar overvoltage protection on the 5v output Supplied with circuit

. and tested Ex-Equip. 110v AC input. Only £49.98 + cam. £10.50.

66% DISCOUNT couroner:

COMPONENTS

& EQUIPMENT
Due to our massive bulk purchasing prﬁmmme which enables us to bring you the
best possible bargains, we have thousands of .C’s, Transistors, Relays, Cap's, .C.B’s,
Sub-assemblies, Switches, etc. etc. suriplus to our requirements. gecause we don't
have sufficient stocks of any one item to include in our ads, we are crecking all these
items into the “BARGAIN PARCEL OF A LIFETIME” Thousands of components at
‘giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always

lied in a Brand new or little

LH

include something from our ads. for unbeatable valuei! Sold by weight.
2.5kis£4.25 + pp £1.25 5Skis £5.90 + pp £1.80
10kis£10.28 + pp £2.25 20kis£17.50 + pp £4.75

®

"’ Monit
9"’ Monitors
DT10 Monitor > e
acomplete

MOTOROLA 9"

video monitor

housed in

an attractive metat

case DIM approx.

10" deep 16" wideand 11"

high. The monitor has a 75 ohm composite
video input with a bandwidth of 18 mhz. A
seperate internal PSU delivers 5v dc for

external useand 12v DCforvideomo: itor. The

case has sufficient room inside for mounting
other units such as 5" disk drives etc. Internal
potsgive full control over all monitorfunctions.
Supplied in a tested, as new or little used
condition. 240vAC operation£85.00 Carriage
and Insurance £10.50

TOROLA 8" open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz.

. Monitors are ex equipment and although
unguaranteed they are all tested prior to
despatch, and have no visible burns on the
screens. Dim approx 9" x9" x 8". Supplied
complete with mains and input lead. Ideal

ZX81 etc or giving the tele back to the famiiyll &

Black and White phosphor£38.00 + £9.00 Carm.
SE‘MIGOIGDUC’I?R

Mixed Semls amazing vé!ue contents

include transistors, digital, linear, 1.C's
triacs, diodes, bridge recs, etc. stc. Alt
devices guaranteed brand new full spec
with manufacturer's markings, fully
%l_aranteed. 50+£2.98 100+ £5.75

L 74 Series A gigantic purchase of an
“across the board” range of 74 TTL.
series 1.C’s enables us to cffer 100+
mixed "mostly TTL" grab bags at a price
which two or three chips in the bag
would normatly cost to buy. Fully
guaranteed all 1.C’s full spec, 100+ £6.9¢

00+ £12.30 300+ £19.50

300 BAUD
DATA MODEMS

Join the communications revolution with our
standard EX GPO 2a/b data MODEMS.
Modem operates on standard CCITT tones
with full auto answer facilities. Will switch to
ANSWER orORIGINATE. Standard RS232 /o
connections. Ideal networks. DISTEL etc.
Complete with data. Untested but good

condition£38, 00 carr. £8.50,

1300 BAUD
DATA PUMP MODEMS

Compact unit for use with private or "Dial up
lines” Designed towork in pairs at any baud
rateupto 1200 fufl duplex(4 wire circuit) or half
duplex (2 wire circuit). Features include
remote test facilities. RS232 ifo lines etc,
Supplied with data in working order, but less
case cover£65.00 + £4.50 carr,

TES00
REDUCED TO CLEAR™S

Completeinput outputterminaiwithintegrais
hole paper tape punch and reader. Unit

as a cheap printer fora MICRO etc. 120
columns, Serial data i/o. Supplied complete

with data, untested, unguaranteed £65,00
+£11.50 car.

Alipricesquoted arefor U.K Mainland, paid cash with order in Pounds Stirling PLUSVAT. Minimum ordervalue£. .00, Minimum Cradit
Card order£10,00. Minimum BONA FIDE account orders from Government depts, Schools, Universities and estabtished companies
£20.00 Where post and packing not indicated piease ADD'80p + VAT Warehouse open Mor-Fri .30 — 5.30. Sat. 10.15 — 5.30.
We reserve the right ta change prices and specifications without notice. Trade, Bulk and Export enquiries welcome.

L _ 64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey @

01-689 7702 — 01-689 6800 Telex 27924

operatesat 150 baud n standard ASCIl Ideai |




B.N.O.S.

on't miss the ristmas rush. Don't
waste your money on throw away Dry cell
batteries. Buy Ever Ready RECHARG-
ABLE Nicad Batteries. Run your toys,
radios, cassettes or even kitchen
equipment. Each charge lasts as long as a
dry cell, but you can re-charge them up a
1,000 times or more. So think of the
money you can save at 1p a charge.
BUY NOW

and have a set charged ready for Christmas.
(Available in four standard sizes)

w

DRY CELL
NLCAD |EQUIVALENT| CAPACITY | 19 | 104 210
AA HP7 | 0.5AH | 0.90 0.85 0.82
‘¢ | HP11 | 2.2AH | 240 2.30 2.20

SUB ‘D'] HP2 | 1.5AH | 2.30 2.15 2.00
D HPZ | 4.0AH | 340 | 3.20 3.06

PP3 PP3 0.11AH 3.90 3.66 3.40
Ni-Cad Battery Chargers
Type AC1 chargesupto 4 x AA cellsatatime.........ccooe £5.90
Type MC2 charges up to 4 x AA, C, D cells & also PP3’s..£8.50
Postage FREE on Mainland UK orders
SEND NOW your cheque/postal orders to
B.N.O.S. ELECTRONICS Dept. ETI,
GREENARBOUR, DUTTON HILL,
GT DUNMOW, ESSEX CM6 3PT
TEL: 0371 84767
Also ACCESS and VISA cards welcome

" MARCO TRADING

e Primary Secondary Current 1+ 10+ 100+
=2 240V 45045V 400m/a. SOp 45p 3%p
240V 6-0-6 100m/a 58p 52p 43p
240V 6-0-6 500m/a €65p 60p A48p

t

Manufacturers note: We can supply OFF THE SHELF
1000+ quantities of the above transformers.

These high quality British made European Adaptors are
ideal for driving radio’s, cassette recorders, TV games,
calculators etc etc.

ADAPTORS

These adaptors fit the UK shaver socket.

1+ 10+ 100+
EC8 4.5V DC 200m/a 60p 45p 32p
EM3 6V DC 200m/a £1.00 58p
EO9 6v DC 400m/a £1.50 £1.25 8%p
UK POWER SUPPLY/CHARGER. input 240V, Output 9V
200m/A. Fully Regulated and Stabilised. Complete with
Reversible 4 Way Piug.
Price £2.95 + 75p p&p + VAT

MULTIMETER SPECIAL

Russian type U4324 20,000 O.P.V.

DC Voltage: 06, 1.2, 3, 12, 30, 60, 120, 600,
1200.

AC Voltage: 3, 6, 15, 60, 150, 300, 600, 900.
DC Intensity M/A: 0.06, 0.6, 6, 60, 600, 3000
AC Intensity M/A: 0.3, 3, 30, 300, 3000.

DC Resistance: 0.2, 5, 50, 500, 5000K.

ge level dB: 10 to + 12.

Special Price £15.00 inc p/p and VAT

Send 25p Now for our latest Catalogué. Fantastic Value it includes capacitors,
diodes, resistors, transistors, LEDs, boxes, cable, prepaid envelopes and much,
much more,

. Please add 35p postage and packing and 15% VAT to all orders..
Send orders to:

MARCO TRADING (Dept ETI/1)

The Maltings, High Street,
Wem, Shropshire SY4 SEN
Telephone: WEM (0939) 32763
Every order receives our latest special offer lists. Or send SAE.
All orders despatched by return of mail.

CENTRONICS 306

DISC DRIVE
Only £225 + £7.50

DRE 4000A {258-9901) Hard disc — 1 onty £300.

— 1 only £700

Superb professional quality
fast compact fine-printer 80
columns 120 char/ssc.
Parallel i/f. Beautiful quality
at a silly price. Vertical for-
mat unit. To include copy
of operations manual. ON-

but no data hence £20

at 350 mega Amps only £17.50 + £1.80
5V, 5 amp Regulator module £2.50 + 50p.

Memorex 550 8" Floppy drive, mounted in case with
power supply and fan. Room for second drive.

SHUGART 801 8" Floppy — 2 only at £250 + £7.50

BASF 6172 24 Mega byte Winchester with TSU
69 Key keyboard 5 volt CMOS — believed ASCI

Muiti Rail PSU 5 volt at 4 amp. 12 volt at 2.5A, 12 voit

WHY USE STRIPBOARD?

SIMPLE PCB DRILL
12V Motor with chuck attached
with 3 collets 0.8 to 2.0mm. £4.50.

Make your own PCB. It's easy:

“GET YOU STARTED” KIT
12V Mini Drill {takes 3A).
1mm Bit. FCB ETCHANT

25 sq. ins. Copper Clad. Double strength to make 3 Itr.
PCB Etchant for § ltr. solution. 90p.

Tweezers and Dish,
Fine Etch Resist Pen
Instructions. Only £6.00

ETCH RESIST PENS
Set of 3, Fine-Med.-Thick. £1.80

LY  £149.00 Carriage
(England) £17.50. Tech
marusl (230 pages}
£10.00.

Data dynamic RO390 printers 110 Baud ASCII RS232 —
20 mega amps £75

“SUPER" KIT As above with:
3 pens, Fine-Med.-Thick.
75 sq. ins. Copper Clad.
3 Sheet Transfers—Etch Resist.

Callers Welcome 9am to 5.30pm
Prices are inclusive but add 60p P &
P to each order.

Cheques & P.0.’s payable to POPS

MAWSON ASSOCIATES

124 Lennard Rd, Beckenham, Kent BR3 1QP WE ALSO BUY
SELECTED
01-778 3600 CompuTERS
Callers walcome by appointment and all 2nd hand goods PUTER )
sold as sean working but unguaranteed PERIPHERALS

Only £8.50. Components.

38 Lower Addiscombe Rd,

POPS COMPONENTS . Croydon CROGAA

Tel No: 688 2950

Hand Held
Analpgue and
Digital

16 Models
from £18.75

| FREQUENCY METERS
§ 100MH_, 600MH ;, and 1GHzModels
from £67

ST INSTRUMENTS

e

FREQUENCY METERS
ANALOGUE MULTIMETERS
OIGITAL MULTIMETERS
FUNGTION GENERATOR
- OSCILLOSCOPES
POWER SUPPLIES
LOGIC'PROBE
- SCOPE PROBES

% % %%

Mu timeters

Write or phone for illustrated
test instrument catalogue and price
list

Black Star Ltd. =
9A, Crown Street
St. lves, Huntingdon
Cambs. PE17 4EB

Tel: (0480) 62440 Telex 32338  /J

i
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FEATURE

CONFGURATIONS

And so to op-amps, the most venerable members of the linear
IC family. lan Sinclair traces their ancestors, descendents and

lifestyle.

the mists of history, perhaps it's just as weli to look at

the origins. Operational amplifiers were designed for
analogue computers, which are machines used for solving
mathematical equations. They do so, not by using binary
arithmetic as digital computers do, but by connecting up a
network of components which represents either a
mathematical relation or an eguation. In the case of a
mathematicai relation (eg, y=x% the circuit will have an
input, x, and an output, y, that will vary according to the
relationset up and according to the value of x. Equations
can be either ordinary (eg, x*+4x+3=0) or differential
(eg, d*y/dx*+x=0); the circuit will be connected in a loop,
and in the case of the ordinary equation it will give an
output that represents the solution (or one of the solutions)
to the equation. The solution to a differential equation is
itself a mathematical relation (in the case of the example
given above, y =Asinx +Bcosx), so the circuit will have an
input and an output (the coefficients of the equation, A
and B, will be determined by the initial values of the circuit
voltages, but that takes us a bit beyond the present scope
of this article).

An essential part of representing a mathematical
operation in electrical terms is an amplifier with very high
gain whose frequency response can-be modified by using
negative feedback. Typical operations that can be
simulated by amplifiers of this sort include the
mathematically important ones of differentiation and
integration (Fig. 1), and the amplifiers which were
designed for these purposes very reasonably became
known as operational amplifiers.

Befor’e the reason for the name becomes shrouded in

&
o+
N ouT
Ommrrrsenet. IHFFERENTIATING O gmmnd )
CIRCUIT .
o

Orssocmmsmmamaccsmn INTEGRATING  lormremmarmean)

Fig. 1 The operations of differentiation and integration
performed on a square wave.

The Perfect Specimen ‘

The specification for a perfect operational amplifier
was that it should have infinitely high gain, infinitely high
input resistance, zero output resistance, and as much
bandwidth as was needed — it was particularly important
to have the gain maintained right down to DC. Analogue
computers are still produced, though they don’t have the

ETI JANUARY 1983

importance they once had, and the operational amplifiers
which were once made using valves, and then transistors,
are now made as ICs. The requirements are still pretty
much the same, because our definition of an operational
amplifier nowadays is as a high gain DC-coupled amplifier
whose behaviour can easily be controlled by using
negative feedback. Since the behaviour (gain, bandwidth,
shape of gain-bandwidth curve) is so easily modified by
the use of negative feedback, the operational amplifier is
the nearest thing we have to an all-purpose amplifier, and
that's why operational amplifiers were among the first
linear ICs that were produced.

| D
MAXIMUM RATINGS

POSITIVE SUPPLY =+18V "
NEGATIVE SUPPLY = —18V o/s
DIFFERENTIAL INPUT = +30V
COMMON-MADE INPUT = +15V
LOAD CURRENT = 10mA
OPERATING TEMP, =70°C
STORAGE TEMP. = 140°C
DISSIPATION = 400mW

+VE SUPPLY

OUT-OF-PHASE
INPUT
(INVERTING INPUT)}
QuTPUT

IN-PHASE INPUT
(NON-INVERTING}

—VE SUPPLY

TYPICAL CHARACTERISTICS

INPUT RESISTANCE = 1M0
OUTPUT RESISTANCE = 150R
OPEN LOOP GAIN = 10,000+

Fig. 2 Part of the specification for the 741 op-amp.

To start with, consider the typical specification of one
of the. best-known op-amps, the 741. This is illustrated in
Fig. 2, to show how close we can get to the ideal
specification. One point of importance is the bandwidth. If
you use a 741 at its full gain, you must expect the
bandwidth to be very severely limited — less than 100 Hz
at maximum gain. Some care has to be taken if 741s are
used in audio circuits, because in some feedback circuits
that include filtering the chip may be working at a very
high gain at the ends of the bandwidth, even though its
midband gain is low.

Offset Problems

Getting down to configurations, the main point about
op-amp circuits is how to bias them. Very few applications
call for the 741 to be operated as a differential DC
amplifier at full gain, but for these applications a balanced
power supply is needed. Additionally, some form of input
offset balancing will be needed. This is necessary because
there are bound to be some very small mis-matches
between the resistors and transistors that make up the two
input circuits (see later). The gain of the op-amp is so high
that any imbalance will be amplified up, so that with both
inputs tied to zero, the output of the op-amp will not be
zero by quite a margin.

Manufatturers usually specify typical and maximum
input offset voltage and input offset current. These are the
differences between the input voltages and the input
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currents (with both inputs very close to zero volts) needed
to obtain an output voltage of zero. With the 741 and
many other op-amps there are offset trim connections that
allow you to trim out the voltage offset. A circuit for the
741 is shown in Fig. 3. However, the input currents will
still be slightly different, and there may be the odd circuit

+12V
Q

—12v

Fig. 3 Using the offset adjustment to balance out the internal
currents.

for which this will need to be taken into account.

The offset adjustment will have to be repeated at
intervals,
temperature and time conspire to make the output voltage
change (drift) away from zero, so that an op-amp at full
gain is a rather unstable device which needs frequent
checking. Fortunately, we seldom need to make use of the
full gain of the op-amp, and most of the circuit
configurations make use of feedback bias circuits.

Figure 4 shows one of the most common bias
methods. The circuit uses a balanced power supply, and
bias is obtained by connecting a resistor between the
output and the out-of-phase or inverting input (marked as
—). The in-phase or non-inverting input (+) is connected
to earth, so that the output voltage will be almost zero, just
enough to apply the correct offset voltage (which is usually
less than a millivolt) to the inverting input. The gain of this
circuit depends on the resistance of the signal source. If
we represent this as a resistor in series with the input, RT,
then the gain is simply —R2/R1 (the = sign indicates that
the signal is inverted).

+12V
O

R1
IN OtV N\

R3 ISUSED TO EQUALISE RESISTANCE
AT THE INPUTS — ITS VALUE SHOULD
EQUAL THAT OF R1

-G OUT

R3

Q
-12v
Fig. 4 The feedback bias system in a circuit which uses the
out-of-phase, or inverting input for signals.

This circuit is DC-coupled throughout, but if we do
not need DC gain, then a single-ended supply version can
be constructed, as indicated in Fig. 5. Capacitor coupling
must then be used to avoid shorting out the bias voltage,
choosing capacitors with low leakage, and the supply
voltage must be adequate — the quoted minimum voltage
across the chip is 3 V.

When this configuration is used, the inverting input
voltage remains practically constant when a signal is
applied. When a balanced power supply is used, in fact,
the inverting input is virtually at eartﬁ voltage, and this
‘virtual earth’ effect means that signals applied to the input
terminal (one end of R1) are flowing through R1 to a point
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because the settings drift. The effect of

O () +24V
R3S R2 +VE
4k T —
¢ R a \\ 5
ino—] A0 2 - %2
NS ,
7 Hi—oour TOPING
3
:'/ s 12v
< R2
R4 GAIN=— f ALTERNATIVE
B = BIAS
‘ INPUT RESISTANCE = R1
o . : ooV
mn

Fig. 5 A single-ended power supply version of the Fig. 4
circuit. :

which is as good as earthed as far as signals are concerned.
This makes the input resistance of the circuit equal to the
value of R1, and it limits the application of the circuit to
some extent, because if the input resistance is to be
reasonably high, then the feedback resistor R2 will have to
be of an unreasonably high value to achieve a modest
gain. If the feedback resistor has too high a value (in the
megohm region), then the bias currents at the input of the
chip, typically 200 nA, will cause voltage drops which we
can’t ignore without making our calculations go
considerably astray. The input resistance of the op-amp
itself is large, but the use of negative feedback to the same
input as the signal makes the input resistance low because
of the ‘virtual-earth’ effect.

+2v
O

R2+RY
R1

INPUT RESISTANCE = R3

GAIN =

O OUT

IN

-—Q 0V

Fig. 6 Using signal input to the in-phase, or non-inverting
input of the 741.

Improved Impedances

Another configuration of the op-amp is illustrated in
Fig. 6. This time the input is taken to the non-inverting
input, and the inverting input is used only for the
feedback. In this balanced version of the circuit, the input
resistance can be higher, because the resistance R3 does
not control the gain of the amplifier, and the source
resistance is of no interest unless it is unusually high. The
gain is given by (R2+RT1)/RT.

It's quite straightforward to combine the biasing
arrangements of Fig. 5 with the non-inverting circuit of Fig.
6. However, a word of caution: all those resistors and ail
those capacitors combine to form low-pass filters, and at
frequencies around their cut-offs, these will all produce
considerable phase-shifts, and this may lead to what
you've designed as an ampilifer actually turning out to be
an oscillator!

Slewing About

The 741 type of operational amplifier has a fot a
merits, but it is a design which is now showing its age.
Much more recent designs have, in particular, wider
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bandwidths, and are impressively better in one respect —
slew rate. The slew rate of an operational amplifier is the
maximum rate-of-change of output voltage expressed in
volts per microsecond, and it affects large signals (which
change by a greater voltage) more than small signals. The
point is that if the maximum rate of change of voltage is
1V/us, then a 10V change would need 10us, and a 10V
signal is limited to one tenth of the bandwidth of a 1V
signal. The effect in practical terms is that the useful
bandwidth of the amplifier for sine waves depends on the
amplitude of the waves, and the shape of output for a
square wave input also depends on the amplitude of the
wave. .

Slew rate limiting is caused by stray capacitances
within the chip. When voltages change, these stray
capacitances have to be charged or discharged, and the
amount of current which flows in the input stages is very
small, not enough to allow these capacitances to be
charged or discharged quickly. All amplifiers suffer from
this to some extent, but slew rate is much less of a problem
for discrete component circuits whose circuits are not DC-
coupled and which can therefore use large-currents and
small values of load resistors. The typical slew rate of the
741 is 0.5 V/uS, and this is rather poor in comparison with
more modern designs such as the Motorola MC1741S,
which has a slew rate of 15V/uS.

The other feature of the 741 which causes problems is
that the peak amplitude of signal output must not be
allowed to approach the supply voltage limits, because the
internal biasing is no longer effective if this is done. This
restriction can be quite irksome if the op-amp is to be used
with low voltage single-ended supplies, and an alternative
for such applications is the current difference amplifier
(CDA), of which the best known example is the National
Semiconductor LM3900N. This chip is an operational
current amplifier whose internal circuitry, though
remarkably similar to that of the 741, allows operation at
output voltage levels very close to either ofthe supply
voltages.

o & —0 +12V
R3
"4
R2
c R1 N

N o—{—AMA— - 5

1.M3900 }—oour
+
[y T— -0 0V

Fig. 7 A typical LM3900 circuit.

The design principles for CDAs are very different from
those used in the 741. The output voltage depends on the
difference between the currents at the two inputs, and the
circuits that use these chips are distinguished by large
resistor values. In the circuit of Fig. 7, for example, if we
aim for an output voltage which is half of the supply
voltage, then, remembering that the current through R3
must.be the same as the current through R2, the value of
R3 must be half of the value of R2. Since the input currents
are very low, these resistor values have to be high, and
values of several megehms are common. The voltage gain
in the circuit shown is R3/R1, as for the 741 type of
amplifier, but the voltage swing at the output can reach
very close to the 'supply voltage limits. Current difference
amplifiers are used mainly in circuits which operate at the
lower ranges of frequency because of the effects of stray
capacitances on the very large value bias resistors. ETI
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The toroidal transformer is now accepted as
the standard in industry, overtaking the

obsolete laminated type. Industry has been
quick to recognise the advantages toroidals

offer in size, weight, lower radiated field and,
thanks to I.L.P., PRICE.

Our larﬁe standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within

7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

e SERESIEECONORRY] M5 | pmce Y 294 TYPES T0 CHOOSE FROM!
No Voits  [Current
TR e T v ORDERS DESPATCHED WITHIN 1
20x30mm | 011} 948 166 £5‘1 2 DAYS OF RECEIPT FOR SINCGLE OR
045Kg [ 1m012f 12912 | 125 SMALL QUANTITY ORDERS
Regutavon | 1x013 ] 15+15 100 +proLt 04
18% 1x014 18+18 [F:x] - VAT £0 92
e P faetl e % 5 YEAR NO QUIBBLE GUARANTEE
w016 25+25 [ 060
1017| 30+30 | 050 o TS
OND)
50vA |2:010] 6+6 | 4.16 TYPE 1Mo | Vots (curamt| PRICE
80x35mm | 2x011 9+9 277
09Kkg |2x012| 12+12 | 208 225VA [6x12| 12412 | 9.38
Regulation | 250131 15415 | 1.66 £570 110x45mm| 6x013] 15+15 | 7.50
13% | 2xDi4 | 18+18 | 1.38 o 2.2Kg | 6x014) 18418 | 625
2015 | 22422 | 113 ot M Reguiation | 6x0151 22+22 | S.1% £9 20
016 | 25+25 | 1.00 B VERES 7% |6x016| 25+25 | 450 «
20171 30+30 083 Tzt o 6x017| 0+30 3.7% *0/p52 00
2028| 110 0.45 2Ou 6x018| 35435 | 321 o 1o
2x029 220 0.22 6x026| 40+40 2.81
2030|240 0.20 5x025] 45+45 | 250 | 1omLEzes
6x033 50450 | 2.25
B0VA | 3x010| 646 6§64 6x028 110 204
90 x 30mm Jlgﬂ 9+9 444 62029 220 1.02
1Kg | 32| 12412 | 333 6x 4
Aegulation | 3x013} 15415 2.66 £6. 08 g2 20 oS5
2% | dx014 | 18+18 | 222 - 300vA | 72013 15415 | 10.00 -
3015 | 22+22 | 18 ':""“ . ”‘;?""‘"‘ ;.ou ;gow 833
3x016 | 25425 | 1.60 © Kg | 7x015 2 | 682
0171 30+30 1.3 TOTAL £8 81 Regulaupn | 7x016§ 25+25 6.00 £10,17
30281 110 072 5% |7a0171 30+30 | 500 o~
3x029| 220 036 7x018| 35435 | 4.28
3x030| 240 0.33 7x026| 60+40 | 375 T;;’:‘:"':h
4 L £1:
T20VA {4x010| 646 {1000 ;:ggg ;3:;3 g 33
e 686 - 7x028| 110 272
1259 | 4x012 | 1241 500 7x029 220 1.36
Regulation | 4x013 [ 15+15 4.00 .
11% |4x004 | 18418 | 333 £6- 90 000, 240 i
:xgl5 ;z.zg 2.72 epin g1 67 SDOUVA 82016 25+25 | 10.00
x016 | 25+2 240 RTE 29 140x60mm | 8x017§ 30+30 | 833
07| 30430 | 200 | g |0l Beae | 3n |£13.53
4x018 | 35+35 1.7 Regutation | Bx(26 | 40+40 6.25 et 38
08| 110 108 4% x025 | 45+45 | 555 i
029 | 220 054 8:033| 50+50 | 500 RLEE)
4x030 | 240 050 8x042] 55+55 | 454 | Toalne
160VA 5011 [ 9+9 | B89 L] (I
8x029| 220 227
10x40mm|5x012 | 12412 | 6.66 x030| 240 508
18kg 15x013 | 15+15 | 533 :
Regulation | 5x014 [ 18+ 18 444 £7' 91 B25VA |9x017] 30«30 |10
8% |5x015| 22+22 | 363 140%75mm{9x018 | 35+35 | B92
5x016 | 29425 | 320 e le? 5Kg |9x026| 40+40 | 781 £16,13
Sx017 | 30+30 | 266 AT st Reguiation {9x025 | 45+45 | 694 ¥
5x018 | 35435 | 228 | tomienoe 4% 9x03)| S0+50 | 625
5x026 | 40+40 | 200 x042 { 55+55 | 588 LI )
5x028 | 110 145 5¢028| 110 563 | rowg e
5%020 | 220 o2 9089 | 220 2.84
5x030 | 240 066 2:030 | 240 280

IMPORTANT: Regulation - All voltages quoted are FULL LOAD. Piease add regulation figure to
secondary voitags to abtain off load voltags.
The benefits of ILP toroidal transformers

ILP toroidal transformers are only half the weight and height of their laminated
equivalents, and are available with 110V, 220V or 240V primaries coded as follows:
For 110V primary insert 0" in place of “X™ in type number.

For 220V primary (Europe) insert “1” in place of “X™ in type number.
For 240V primary (UK) insert “2" in place of "X" in type number.
How to order Freepost:

Use this coupon, or a separate sheet of paper, to order these products, or any
products from other ILP Electronics advertisements. No stamp is needed if you address to
Freepost. Cheques and postal orders must be crossed and payabie to iLP Electronics Ltd.
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for
single and small quantity orders.

Also available at Electrovalue, Maplin and Techngmatic.
AN SRS EEEEN EEEEE SN ST SR S S 1

.

Please send . . .
Tota! purchase price I
I enclose ChequeD

Debit my Access/Barclaycard No.

Postal OrdersD

Int. Money DrderD l

Name "
Address

4
Signature

Post to: ILP Electronics Ltd, Freepost 4 Graham Belt House, Roper Close,
Canterbury CT2 7EP, Kent, England. )
Telephone Sales (0227) 54778: Technical (0227) 64723: Telex965780.
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200,,LA — 10 AMP AC-DC

~= plus VAT

’\/\/“

SPECIFICATION 6010 & 7030

BATTERY: Single av dry cell

BATTERY LIFE: 200 hours

DIMENSIONS: 170 x 89 x 38mm
WEIGHT: 400g inc battery

MODE SELECT: Push button

AC DC CURRENT: 200uA to 10A- 6 Ranges
AC VOLTAGE: 200mV to 750V — 5 Ranges

DC VOLTAGE: 200mV to 1000V - 5 Ranges
- 6 Ranges

RESISTANCE: 2009 to 20MQ

iNPUT IMPEDANCE: 10MQ

DISPLAY: 31 Digit 13mm LCD
~ O/LOAD PROTECTION: All ranges
. OTHER FEATURES:

- Auto polarity. Auto zero. Battery-low indicator.
Strong ABS plastic case with tilt stand.
Battery and test leads included.
Optional carrying case.

Please add 15% to your order for VAT. Postage & Packing is free of
charge. Trade enquiries invited.

Cottrell House, 53-63 Wembiey Hill Road, Wembley, Middiesex HA9 88H, England

@ ARMON ELECTRONICS LTD. =

. Telephone: 01-8024321 (3lines)

TELEX No.923885

TURNTABLE KITS
FROM

INPUT DESIGN LTD

THE LEADING MANUFACTURERS OF
TURNTABLES IN KIT FORM

KITDECK 2 NORMAL PRICE £115.00

SPECIAL
CHRISTMAS
OFFER TO
READERS
OF ETI

inc. VAT
(P+ P £3.00)

HOME CONSTRUCTOR TURNTABLE KIT
NOW £49.50 (P + P £1.95)

5 YEAR GUARANTEE
MONEY BACK IF NOT SATISFIED

Pay by Barclaycard, Access or CWO. Export: Write for Pro-forma

Telephone:
0767 316655
Telex: 826671

PALACE STREET,
BIGGLESWADE,
BEDS. SG18 8DP

PRACTICAL DESIGN OF
DIGITAL c:ncms II?anmpel

Practlcal Design of Digital Circuits will instruct the .
reader who is famillar with basic electronic prmclples
but with no previous knowledge of digital electronics in
the practical aspects of digital design. It should appeal
particularly to engineers and enthusiasts wishing to
expand their knowledge in practical rather than
theoretical directions.

The book is divided into three main parts covering: the
principles of digital electronics and the wide range of
devices available; how to use these devices in cost-
effective designs, including two
detailed examples; microprocessors,
showing them to be particularly
versatile and sophisticated devices.

0408 01183 1 324 pages
£9.95

ORDER NCW from your

locat Bockseller

In case of difficulty this coupen can be
returned to Shirley Godden at the
address below
Please send me _._copy/ies of
Practical Design of Digital Circuits
(Kampell 0 408 01183 1@£998

1 enclose cheque /PO for £ . intola’ pay ™2l

FROM
ADDRESS

80
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@ TARGET ELECTRONICS

16 Cherry Lane, Bristol BS1 ING
Telephone: 0272 421196

Panel Meters

Dims:— 110 x 82 x 356mm. Require 58mm dia. cut out
FINE QUALITY —

. Wt} ! 043 0-30UA £5_50
l \M“ caso 0-50 ulj\
A 041 0-100UA
e ! 0420 0-200UA A0p plip + VAT
120 9I3001uR 10 Plus 10% Discount
Dims:- 60 x 47 x 33mm. Require 38mm dia. cut out
FINE QUALITY —
! T21 0-50 UA
§ T22 0-100 UA
' 723 0-500 UA
v . 5 FIELVA
L T25 0-5MA
ﬁ .t g T26 C-10 MA
N L T27 0-50MA
D eems | 736 0-100 MA £4 aﬂ
Loadg e i T29 0500 MA b
T30 0-1AMP
s B BiAR | g e var
I3z OETE oAl 10 plus 10% Discount
| T34 0-300v AC
! T35 ngr
(1 - 1 T36 vy
I"“'"'"[ﬂ'ﬂ"_'_m;:: il . Ta0 59-9-30ua
= T4l 100-0-100 UA
prre__BUp + 15% VAT) Ta2 5000 - 500 UA
T43 0-30v 0OC

Dims:- 52mm(H) x 58mm{W) x 43mm(D)
44mm dia, cut out.

ref. lcat. | F.$.D

DC MICROMMETERS

Lint. Resistance

XME18]MUA5 [ 60— 30 uA 3500 ohms
XME15iMU45 | 6 — 100 uA 13500 ohms
XME20{MU45 | 0 — 500 uA | 4300hms |

OC GALVANOMETERS

XME21/MUAS | 50—0— 80 uA 3500 ohms
XME22[MU45 | 160— 0 — 100 uA 1450 onms
OC MILLIAMMETERS

XME23[MU45 ] 0— 1ma 200 ohms £3.00
XME24[MU45 | 0— S ma & ohms

XMEZ5IMU45 | 0= 10 ma Tohms | 30p plip
XMEZ6|MUA5 | 0~ 50 ma 1.5 ohms + VAT
XMEZ7|MU45 | 0= 160 ma 0.8 ohms Plus
XMEZ8[MU45 | 0 — 500 ma 0.2 ohms 10 ]

DE AMMETERS 10% Discount

XWMEZ9[MU45 | 0— 1 amp | 01 onms

XME30|MU45| 02 amp | 0.4 ohms

XME31|MU45 ] 0— 5 amp
OC VOLTMETERS

XME32[MU45 | G — 25 voits

| _©6.02 onms

{1668 ahme ]

XME33[MU45]| 0 — 50 voits {1000 ohms |
e VU METER
XME34]MUA5 | 1.228 VAC (OVu} = =]

ambit’s new
autumn/winter
catalogue

‘ALL THE ‘USUAL’ BITS ?®E)

(Rs, Cs, Tr’s, ICs etc)

+ ALL THE newsagents

TRICKY BITS or direct
= ' el

at all good

KD25C  LCD DIGITAL MULTITESTER

0.4” (10 mm) 31 digit (1999} LCD display. Automatic zero and polarity.
Full overload protection. Complete with hand strap, battery, test
probes, spare fuse and CARRYING CASE.

Input Impedance: DC 10M ohms, AC 1K ohms

1

measurement ranges
0-2v
DC VOLTS 0-20v
0-200Vv
0-1000Vv
AC VOLTS 0-200V
0-500V
0-2mA
DC CURRENT 0-20mA
0-20mA eo el
0-2K ohm ;
RESISTANCE 0-20K ohm £24
0-200K ohm [ ]
0-2M ohm
Pims: 138 x 86 x 36mm £150 P&P
‘ + 15% VAT
Official Orders Welcomed, GVT/Educational Dept etc
=]
BARCLAYCARD
We can offer you Barclaycard or L ]

VISA

Access facility, just telephone your card number to
place an order.

S
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7 — e
TOKO COILS, INDUCTORS, LC FILTERS
PCM FILTERS, VHF/UHF HELICAL FILTERS
UNELCO CAPACITORS

PCI INTELLIGENT LCD MODULES

TOKO SWITCHES : F SERIES/R7000 SERIES
ALPS POTENTIOMETERS AND
KEYSWITCHES

TOYO-TSUSHO COAX RELAYS FOR TX/RX
CRYSTAL FILTERS, CERAMIC FILTERS
WELLER SOLDERING IRONS

COOPER TOOLS

TEST EQUIPMENT

BOOKS, MANUFACTURERS’ HANDBOOKS
HARDWARE, CASES, PANELWARE, ETC.
MODULES, R&EW KITS

RF POWER DEVICES

L N S B

* % % A % 4 F Ok

_J

ORDERS SUBMITTED USING STOCKCODES = él
DESPATCHED WITHIN 8 WORKING HOURS =

1

* PHONE ORDER SERVICE — (NO MACHINES‘)

PLEASE NOTE OUR NEW BHONE SYSTEM AUTOMANTICATLY STACRS CALLS
IN ORDER OF ARRINAL SO PLEASE WAIT TNOT ANSWERED IMMEDLATEL Y

8 AM - 7PM MON — SAT
0277 230909

* COMPUTER ORDER SERVICE — ‘REWTEL’

6 PM — 9 AM 300 BAUD/RS232
(IT MAY BE 24 HRS BY THE TIME YOU READ THIS)

0277 230959

/|

200,NORTH SERVICE ROAD

b t———————————- BRENTWOOD. ESSEX
== Talephons ® (077 230808
am l INTERNATIONAL = ;'[‘Z,,(ms'fgmsa AMEIT G

il

=3
—
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ambit’s new
autumn/winter
catalogue

is
OouT

| - M’&"e*
ALL THE ‘USUAL’ BITS ?®@
(Rs, Cs, Tr’s, ICs etc) at all good
+ ALL THE newsagents
TRICKY BITS or direct
o
==
x* TOKO COILS, INDUCTORS, L.C FILTERS
« PCM FILTERS, VHF/UHF HELICAL FILTERS
» UNELCO CAPACITORS
* PCI INTELLIGENT LCD MODULES
x TOKO SWITCHES : F SERIES/R7000 SERIES
* ALPS POTENTIOMETERS AND
KEYSWITCHES
x TOYO-TSUSHO COAX RELAYS FOR TX/RX
+ CRYSTAL FILTERS, CERAMIC FILTERS
» WELLER SOLDERING IRONS
= COOPER TOOLS
Mo TEST EQUIPMENT
x BOOKS, MANUFACTURERS' HANDBOOKS
» HARDWARE, CASES, PANELWARE, ETC.
* MODULES, R&EW KITS
* RF POWER DEVICES

=—— ORDERS SUBMITTED USING STOCKCODES

LN

= DESPATCHED WITHIN 8 WORKING HOURS =—]

. * PHONE ORDER SERVICE — (NO MACHINES!)

PLEASE NOTE OUR NFW PHONE SYSTEM AUTOMATICALLY STAURS CALLS
1N ORDL R OF ARRIVAL SO PLEASE WAIT 1 NOT ANSWURED IMMI DIATEHLY

8 AM —7PM MON — SAT
0277 230909

» COMPUTER ORDER SERVICE — ‘REWTEL’

6 PM — 9 AM 300 BAUD/RS232
(T MAY BE 24 HRS BY THE TIME YOU READ THIS)

0277 230959

\

200,NORTH SERVICE ROAD

UL

®
BRENTWOQD, ESSEX
qm It CM14 5
E = i 3
INTERNATIONAL == Toiihon (9277 280800
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; IC8 have
helped thousands
of ambitious people
to move up into higher paid
more secure jobs in the field of
electronics — now it can be your turn.

Whether you are.a newcomer to the fieid
or already working in the industry. ICS can
provide you with the speciafised training so essential
to success.

l Personal Tuition and Guaranteed Success l

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful,.is the key to our outstanding record in the
technical training field. You study at the time and pace
that suits you best and in your own home, in the words
of one of our many successful students: ““Since starting
my course, my salary has trebled and | am expecting a
further increase when my course is completed.”’

I City and Guilds Qertificates I

Excellent job prospects await those who hold one of
these recognised certificates. ICS can coach you for:

Basic Electronic Engineering (C&G/ICS)
Radio Amateurs

I Certificate Courses . I

TV & Audio Servicing
TV, Radio and Audio Engineering
Radio & Amplifier Construction
Electronic Engineering*

Computer Electronics*

Industrial Electronics®

Radio Frequency Electronics*
Introduction to Microprocessing*
Electrical Engineering®

Electrical Contracting & Installation
*Qualify for IET Associate Membership

s IcS

On Natonal Btucaton
ADD'DVEG ny CACC CUI[!!)Y%JU{}H

Piease send your FREE School of
Electronics Prospectus

Address

@ 01622 59"
alj moues

Dept. €265

iCS Schoaol of Electronics
160 Stewarts Road,

" London-SW8 4UJ
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PROJECT

PROGRAMMABLE
POWIER SUPPLY

We hear a lot these days about computing power but here it is,
literally. With this PSU plugged into a suitable port on your
micro you can control your voltage and current bit by bit.

There’s manual control, too.

his versatile piece of equipment

is basically a programmable

power supply. It allows you to
set the output voltage and/or
current to very close limits by
means of your computer keyboard
without actually touching the unit
itself. Even more useful, in some
cases, is that a sequence of voltage
and/or current levels can be
programmed in advance. The unit
has a range of 0-25V5 in 100 mV
steps and 25 mA-to 1A6 in 25 mA
steps.

The prime controlling element
in the power supply section is an
LM317 integrated voltage regulator
device. In this project it is used as a
high-gain self-protecting power
transistor. In order to get the rated
output from the device under all
operating conditions, two power
rails are used. The lower one, 17 V,
is used while the required output is
less than 12 V, the higher supply
rail of 34 V is used when the
required output is greater than 12
V. The purpose of this configuration
is to keep the dissipation in the
LM317 as low as possible. This is
necessary because the LM317 will
not allow the full 1A6 output to -
flow if there is more than about 17
V across it.

The reduced power dissipation
in this circuit arrangement allows us
to have a constant current output
characteristic over the whole range
instead of a ‘foldback’ limiting
circuit.

Construction

The project was constructed in
the specified Newrad case, but it's a
fairly tight fit and it may well be
easier to use the next size up
~ (52/38) to allow more elbow room.
Construction of the PCB is
straightforward so long as polarity of
components is observed where
relevant. We used PCB plugs and
sockets for the digital input as this is

ET1 JANUARY 1983
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The handsome face of the ETI Programmable power supply..

Design by Phil Walker.

MABLE

37 i 3
i .y;

L'ﬂ

e

POWER
.. SupPLY

v

most convenient. IC8, Q3, D4 and
D5 are mounted on the heatsink
and wired through a grommet in the
rear panel. It makes things easier
here if some PTFE insulators are
used to hold the diodes and
connecting wires. Use insulating
mica washers with heatsink
compound under IC8 and Q3 to
conduct the heat away while
preventing unwanted short circuits.
Together with the heatsink, the
mains switch, fuse, mains cable and
control input socket are all mounted
on the rear panel.

It will help considerably if the
front and rear panel components

BUYLINES

Not too much in the way of unusual
components for this project: the ZN428
and D-range connector may be hard to
track down but Technomatic can supply
both parts. The case we used is availagle
from Newrad Instrument Cases Ltd, Tip-
toe Road, Wootton, New Milton, Hants
BH25 5S), telephone New Milton
615774; the PCB can be obtained, as
usual, from our PCB Service as advertis-| |
ed on page 91. The optional DVM
module, the DPMO05, is stocked by
Lascar Electronics, Oakland House,
Reeves Way, South Woodham Ferrers,
Chelmsford, Essex CM3 5XQ, telephone,
0245 329797.

are fitted and wired as far as
possible before the chassis is finally
fitted. Make sure, however, that you
leave.enough room to insert the
chassis afterwards. Note that R4, 25,
27 to 31 are mounted on their
associated front panel components,
though we did find room on the
PCB for R4 after the prototype was
completed, and it is shown thus on
the overlay.

The transformer, main
capacitors, bridge rectifier and PCB
together with D6 and R26 are
mounted on the chassis supplied
with the case. Some solder tags and
tagstrip will be useful for mounting
the smaller components and
connecting to the capacitors. The
large capacitors used in the
prototype were mounted
horizontally using two clips each.

Setting Up _

Having constructed the project
and checked for wiring errors very
carefully, put RV1 and RV2 to
minimum, close SW3 and set SW2
to local. Switch on and check that
the voltages on C1, C2 and C7 are
+34, +17, and —34 (+ 5V or so).
If not, check the wiring again. Now
make sure that the +5V and —5 V

83
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PROJECT : PSU

OPTIONAL

DATA

CURRENT
CONTROL
TO SW2a

VOLTAGE

OV b i
Vi CONTROL FROM W23 b 4 -
Vs CONTROL FROM SW2h iy

T0 0V QUTPUT, R26, ——i—isi
ILON DVM, D6 ANODE s

CB COMMON I Y

o

souze 10 3 mltaes
g

)

Fig. 4 Component overlay. Note some components are mounted off-board.

BE e —

——

e

A side view showing the construction of the PCR.

rails are correct on the PCB. If not,
check component polarities and
placement. Rotate SW4 through all
its positions and check that it reads
at or somewhere near zero in all
positions. With SW4 in the 10 V
range (or a 10 V meter connected at
the output) adjust PR2 for 0 V
output. Connect a voltmeter to RV2
wiper and adjust RV2 until it reads
2V55 with respect to the 0 V rail.
Adjust PR3 until the output reaches
25V5 (SW4 in 100 V position).

Now connect the voltmeter to
RV1 wiper and adjust RV1 until it
reads 2V55. Turn RV2 to minimum
and connect an ammeter to the
output terminals. Advance RV2 a
little and a current of between 1
and 2 amps should flow. Adjust PR1
until this current is 1A6.

If all these steps have been
accomplished without smoke, the
supply should be operational. The
only thing left to check is the digital
control section. Connect all the data
inputs on SK1 to 0 V and connect
ENT to 0 V using the link indicated
beside IC4 in Fig. 4. Now, with AO
at 0 V take EN2 low momentarily.
Repeat this with AQ high. Now

86

check that the outputs from 1C2 and
3 are at 0V (IC2 will be 30 mV or
so positive). Set SW2 to ‘remote’
and readjust PR2 if necessary.

Set all the data inputs to +5V
and latch in this new information
using AO and EN2 as in the previous
paragraph. Readjust PR3 and {with
care) PR1. The unit should now be
ready for use. Note, when doing the
above procedures it may be
advisable to provide pull-up resistors
on unconnected inputs.

The AQ line selects the voltage
D-to-A converter when low and the
current D-to-A converter when high.
ENT could be the select line while
EN2 would be the R/W on
6502-type systems, or WR on the
Z80 etc. For most applications it is
advisable that there should be some
means of isolation between the
control processor and this unit to
prevent earth loops and other
undesirable effects; this may well be
in the form of opto-isolators. Pads
are provided to allow the ENT link
-to be repositioned to use the other
section of IC1 and gain extra
decoding capability, should this be
necessary.

PARTS LIST .

Resistors (all IW, 5% except where
stated)
R1 100R 1 W
R2,9,21,25 1k0
R3 390R
R4 4k7
R5,6 47R
R7 180R 2W5
R8,23 3k3
R10,11,13,
15,17,19 10k
R12,14,16 100k
R18 82k
R20 330R
R22 470R
R24 120R
R26 1RO 2W5
R27* 10k 1%
R28* 100k

{1 R29 82k 1%

1 R30 820k 1%
R31 8M2 5% or better

*R27 and R28 may be replaced with a
single 9k1 1% resistor

Potentiometers

RV1,2 10k linear
PR1 22k miniature horizontal
preset
PR2 2k2 miniature horizontal
| preset
1 PR3 47k miniature horizontal
preset
Capacitors
C1,2 10¢,000u 25 V can
electrolytic
C3 1u0 35 V tantalum
C4 100n ceramic
C5-7 220u 63 V axial
| electrolytic
c8 100p ceramic

Semiconductors

IC1 78L05

1C2, 3 ZN428

1C4 7415139

1C5,6 TLO81

IC7 79L05

1C8 LM317K

Q1 BC212L

Q2 BC182L

Q3 TIP140

D1-3 1N4148

D4-6 1N5401

D1 12 V 1W3 zener

D2 30 V 1W3 zener

ZD3 5V6 400 mW zener

LED1 panel-mounting red LED

BR1 200 V, 2 A potted bridge
rectifier

BR2 200 V, 1 A potted bridge
rectifier

Miscellaneous

SW1 two-pole mains-rated on-
off rocker switch

SwW2 two-pole miniature
changeover toggle switch

Sw3 two-pole on-off toggle
switch GA@ 30V)

Sw4 three-pole four-way rotary
switch

FS1 20 mm 1 A fuse

T1 0-12, 0-12 V, 50 VA mains
transformer

LP1 mains neon indicator

PCB (see Buylines); DPM05 LCD DVM
module (see Buylines); PCB plugs and
sockets if required (one off 10-way and
two off three-way); 15 way D-range con-
nector (see Buylines); three off screw :
terminals; three knobs; can capacitor:
clips; tag strip; transistor mounting kits
and heatsink compound for LM317 and
TIP140; heatsink (2.0° C/W); cable and ;
hardware; case, Newrad type $2/37 (see
Buylines). x
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A range of electronic modular dimmers designed to Part type 1 off 256-29 100up
s.u::toysc;ur ;;Iusu_)m c:tacnne: gr:d fgcnhtty requirement ! 4116 200ns © 0.83 0.72 0.66
. é‘g}nhe‘:J%T;Z?Z&ff%i{iteé";:‘&'r'n“é?ee“““”"e" .SUPER DISCOUNTS ~ 4116 250ns 0.75 0.65 0.60
| Eroseilpaniiimnson B e +4816 100ns For BBC comp 2.45 210 1.95
; ® EasnY installed and wired S - 4164 200ns 495 4 b5 4. 20
SPC — Simple but effective 1000W cntroller . £15.70 "
N = At e T
mc 'aMaSte'edimme:]f"?SPs%ﬁ/Ss unis 7.9 2114 450ns Low power - 095 085 0.8
— remote controller for nits.
ST L e e L 5116 150ns 3 am IE
MXSLu :0 ah ovelonydOErFFErgTs ACCESSORIES " :369; 2;12 ‘150”5 CMOS 3.70 320 2.95
XS = Four o Somor? 2% B 30ns 2.60 225 2.10
MXLC-S Four channel sound chaser £26.70 2716 450ns 5 volt 2.60 2.25 2.10
MXECF — Dip/Dipless Electronic Crossfade ... £31.90 ‘ 2716 450ns three rail 5.75 5 00 465
3 CHANNEL SOUNDILIGAT | STEREQ DISCO _ wansupory 720 ) | 2732 450ns intel type 375 325 3.00
CHASER £35.70 MIXER/PREAMP = tis 2532 450ns T '
LB31000SLC | LBPA3 P, ns Texas type 3.75 325 3.00
' i -Magnetic : Z80A-CPU £4.35 Z80A-PIO £3.25 Z80A-CTC £3.25
- 6522 PIA £3.98 7805 res 0.50 7812 res 0.50
: Low profile IC sockets: '

Pins 8 14 16 18 20 22 24 28 40

. Magnetic or cersmic deck

All the requirements of ;Zgﬁzsd?sn?ée:fgai\a;e Pence 9 10 1 1 14 15 18 19 25 33
e el e Soft-sectored floppy discs per 10 in plastic library
sbserice of a musi signa, 100 ? , s EAMEAE et case: 5 inch SSSD £17.00; 5 inch SSDD £19.25; 5
3 CHANNEL SOUND/LIGHT ‘ AND ORE! inch DSDD £21.00; 8 inch SSSD £19.25; 8 inch
LB31000SL * 4 CHAN SIL AUTO CHASER SSDD £23.65; 8 inch DSDD £25.50
:“:HAN gntanéggég\m CHASER 74LS series TTL, large stocks at low prices with
* 1%%. SSU%D CHASER DIY discounts starting at a mix of just 25 pieces.
bo. T B * FASCIA PANELS Write or phone for list.
. £22.70 Please add 30p post & packing to orders under £15 and VAT to total. Access
All the adva:nages Active Crossovers £17.90 (supply £7.20) & Barclaycard welcome. 24 hour service on (054 422} 618. Government & Educa-
of the SLC without chase. {3-way 300Hz/3kHz} tional orders weicome, £15 minimum. Trade accounts operated, phone or write
for details.

CcntrolS' bass/mid/treble/master sensitivity.

Don‘t hesitate to write or phane for immediate information. Al prices include VAT. Please include 75p I HAPPY MEMOR'ES (ET')

post except power dimmer {£1.76). Cheques/PQ/COQ/Access all welcome - N
I Gladestry, Kinston, Herefordshire HR5 3NY

Tel: 01-640 6053 {Mon to Fri 9 to 4.30}
L & B ELECTRONIC 34 Oakwood Ave, Mitcham, Surrey CR2 1AQ Telephone: (054 422) 818 or 628
] -

MONITORS

FREE CATALOGUE'

| OUR GREAT NEW ILLUSTRATED CATALOGUE IS
PACKED WITH INFORMATION ON SUPERB
QUALITY, PROFESSIONAL BURGLAR ALARM
o) EQUIPMENT J—
N AT UNBEATABLE PRICES! e

SEND SAE. OR PHonE NOW A SilFECTRONICS

i _ FOR YOUR COPY THErowex 217 WARBRECK MOOR
Ui TWEFCHECKBURGLAR wan AINTREE LIVERPOOL
> ALARM D-LY SYSTEM  ‘DISTRIBUTOR L9 OHUJO51 523 8440

HIGH RESOLUTION - AND

g Dept. NogaAEE.BgﬂEL Eugzgggggergﬁnnm 2 1] Low COST!
a ‘

ESISTORS: /s Watt Carbon Film E24 range -+ 5%n tolerance High quality resistors
mnegizuulgﬂfrc;z‘:dﬂy controlled conditions by automatic machines Bandoliered |
100 per horered mined. i 10 pr vl ,Q/ Either cased or open frames to
£8-50 per thousand mixed. {Min 50 per value} = i
Special stock pack. 60 values. 10 off each csﬂ/ %EeMpﬁclr:g geeeglggtattel?n 's rlght
DIODES: IN4148  3p each. Min order quantity - 151tems ) i '
| £1.60 per hundred 1 . &
% | | Phone or write to our Sales :
DIL SWITCHES: Goud plated contact in fully sealed base  wolve those 3 Manager RIChard COX f@r
programmng problems. < 1
4 Way 86p each 6 Way £1-00 each 8 Way £1-20 cach : lmmedlate act lon.
DIL SOCKETS High qualuy tow profile sockets 1 4
Zi0p. 14 in — Tip, 16 in = 12p. 18 pin ~ 19p. 20 pin - Z1p. . CROFTON ELECTRONICS LTD
22 pm 23p. 24 pin — 25p. 28 pin — 27p. 40 pin — 42p. 35, Grosvenor Road, Twickenham, Middx, TW1 4AD. ’
ALL PRICES INCLUDE V.AT. & POST & PACKING ~— NO EXTRAS Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G
¥ MIN ORDER - UK. €1 00 OVERSEAS €5 CASH WITH ORDER PLEASE J -
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ConstructorSeries Speakers

-

EASY .-
Have fun, save
money, building
a Kef design
with a
Wilmslow Audio
CS Total kit. .
No electronic or
woodworking )
knowledge &
necessary and §
the end result is
a8 proven top-
quality design
that you'll be proud of.
Each kit contains all cabinet components, accurately machined for easy
assembly, speaker drive units, crossovers, wadding, grille fabric,
terminals, nuts, bolts, etc.
The cabinets can be painted or stained or finished with iron-on veneer or
self adhesive woodgrain vynil.
Easy foolproof assembly instructions supplied. Set of constructor leaflets
sent free on receipt of large S.A.E.
Prices:CS1 (As 101) £110 pr. inc. VAT, plus carr./ins. £ 5.50
CS1A(simplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. £ 5.50
CS3 (as 103.2) £129 pr. inc. VAT, plus carr./ins. £10.00
CS5 ({as Carlton Il) £192 pr. inc. VAT, plus carr./ins. £15.00
CS7 (asCantata) £250 pr. inc. VAT, plus carr./ins. £18.00

S WILMSLOW =
RUBIY '

A\ The firm for Speakers 0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
e Catalogue — £1.50 post free

Lightning service on telephoned credit card orders!

-

' Make the most of
your pocket computer

new software ... ...for SHARP PC1500 “

World Exclusive! NEW Business Programs | §
from GEMINI Silicon Notebook £19.95
Executive Suite (6 programs)_._..._.. . £2995 |
ew books. .. “for DRAGON 32!
101 program tips & tricks ....£6.95 '|
I 55 programs home/school/office. ... £6.95 |
| color computer graphics ... £7.95 |

| Add 50p per book post & packing (max. £.1_5[l e _
New Idea.. ... Ideal Gift
{ At last - no more tape-loading problems!

\ SHARP CE152 cassette tape recorder

e purpose built for computers only £39.93 ,
) /

W
|
!
)
|
|
!
|
|
]
!
|
}

Send cash, cheque, Access or Visa Card No. Ask for our
New FREE pocket brochure. Trade enquiries welcome anytime.

ELKAN ELECTRONICS (Dept. ETI)

FREEPOST, 28 Bury New Road, Prestwich, Manchester M25 6LZ or telephone
061-798-7613 (24 hr. service). See full list on Prestel 258-2022

We specialise in pockets!
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T.V. SOUND
U N R BUILT AND TESTED

In the cut-throat world of
consumer glectronics, one
of the guestions designers
apparently ponder over

is “Will anyone notice if
we save money by chopp-
ing this out?”’ In the
domestic TV set, one of the
first casualties seems to be
‘the sound quality. Small speakers

and no tone controls are common - + —

and all this is really quite sad, as the _/—A»""/ £22.95 +£2.00 p&p.
TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct to your Hi-Fi is a must for quatity
reproduction.

This TV SOUND TUNER offers full UHF coverage with § pre-selected tuning controls. It can

AEU8

i
Lot P

* also be used in conjunction with your video recorder. Dimensions: 11%"x 8%''x 34"

E.T.1. kit version of above without chassts, case and hardware. £12.95 plus £1.50 p&p.

PRACTICAL ELECTRONICS
STEREO CASSETTE

RECORDER KIT i case
ONLY £31.00 plus £2.75 p&p.

+« NOISE REDUCTION SYSTEM. « AUTO
STOP. « TAPE COUNTER. « SWITCHABLE
E.Q, » INDEFENDENT LEVEL CONTROLS.
« TWIN V,U. METER. + WOW & FLUTTER
0.1%. » RECORD/PLAYBACK i.C. WITH
ELECTRONIC SWITCHING. » FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES
Kit includes tape transport mechanism, ready punched and back

printed quality circuit board and all electronic parts. ig. semiconductors,
resistors, capacitors, hardware, top cover, printed scate and mains transformer.

You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

PE. STEREO TUNER KIT

This easy to build 3 band stereo AM/FM tuner kit

is designed in conjunction with Ptactical Electronics

{July ‘81). For ease of construction and alignment

it incorporates three Mullard modules and an §.C.

|F System. i
yste ;:‘a:?

FEATURES: VHF, MW, LW Bands, interstation f
muting and AFC on VHF. Tuning meter. Two back 3
printed PCB's. Ready made chassis and scale. Aerial:

AM - ferrite rod, FM -75 or 300 ohms. Stabilised power '/
supply with ‘C’ core mains transformer. All components

supplied are to P.E. strict specification. Front scale size 10%"'x 2% approx. Compiete with
diagram and instructions.

Seif assembly simulated wood cabinet sleeve
to suit tuner only. Finish size. 11%"x 8%"'x 372",
£3.50 Plus £1.50 p&p.

125W HIGH POWER
AMP MODULES

The power amp kit is @ module for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circuiting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit.
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use. Supplied with all parts, circuit diagrams
and instructions. B

£17.95 Pius £2.50 p&p.

SPECIFICATIONS:

Max. output power {RMS): 125 W. Cc
voltage (DC): 50 - 80 max. Loads: 4
Freguency response measured @ 100 -
25Hz - 20KHz. Sensitivity for 100v.
® 47K. Typical T.H.D. @ 50 watts, 4 £~~5
0.1%. Dimensions: 205x90 and 180x38~—~,

. . KIT BLI-T
ACCESSORIES: Suitable mains power supply i
kit with transformer: £8.50 + £2,00 p&p. £10.50 £14.25
Suitable LS coupling electrolytic. £1 + 25p p&p. +£1.15 p&p +E1 AEIRE

Manual single play record 2WAY 10 WATT
deck with auto return SPEAKER K!T
and cueing lever. Fitted 8" bass/mid range and 3'<""

with stereo ceramic cart- c ( ith scre
ridge 2 speeds with 46rpm tvyee(er. ompiete with scr2
wire, Crossover componen:s

spindle gdaptor ideall N
suited for home or dis»::o. and cabinet. All wood pre-
cut — no cutting requirec.

£12.95 +£1.75p&p. 13”x 11" app. | Finish - chipboard coverec
wood simulate. size 147:"'x
SPECIAL OFFER! Raplacemant Sterao cass-

head £1.80 b £1.50 8%"x 4", PAIR for ONLY
otte tape heads — £1.80 each, Mono: £1, .
each, Erase: £0.70 each. Add 50p p&p to order. £12.50 plus £1.75 p&e.

ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2. Telephone: 01.723 8432.

{5 minutes walk from Ecgws-z
Now open 6 days aweek § - 2.

VG
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BSR RECORD DECK| SPEAKER BARGAINS

-

All mail t0:

21EHIGH STREET, ACTON, W3 6NG.

Note: Goods despatchad ta U.X. pastal addresses only:
All items subject to availability. Prices correct at
30/10/82 and subject ta change without notice.

Please allow 7 working days from receipt of order

for despatch. RTVC Limited reserve the right to up- n T <
date their products without notice. All enguiries send

S.A.E, Telephone or mail orders by ACCESS
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B BRA G ELEC'I;RONICS
- NOW AVAILABLE IN KIT FORM
VOYAGER Car Drive Computer

@ A most sophisticated accessory. ® Ultilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd. @ Affords 12 functions centred
on Fuel, Speed, Distance and Time. ® Visual and Audible alarms,
warning of Excess Speed. Frost/Ice, Lights-left-on. @ Facility to
operate LOG and TRIP functions independentlr or synchronously
@ Large 10mm high 400ft-L fluorescent display with auto
intensity. ® Unique speed and fue! transducers giving a
programmed accuracy of + or —1%. @ Large LOG g TRIP
memories. 2,000 miles. 180 gallons. 100 hours. @ Full imperial
and Metric calibrations. ® Over 300 components to assembile

A real challenge for the electronics enthusiast!

Electronic Car Security System

® Arms doors. boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

® Programmable personal code entry system

® Armed and disarmed from outside vehicle using a special
magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen @ Fits all 12V neg earth vehicles

® Over 250 components tc assembie

sy,  SX1000

/¥

TX1002

Electronic Ignition Electronic Ignition

)
s @ Inductive Discharge

4//

@ Extended coil energy ® Contactless or contact triggered
storage circuit @ Extended coil energy storage circuit

® Contact breaker driven @ Inductive Discharge @ Three position

® Three position changeover switch changeover switch @ Distributor*

® Over 65 components to assemble triggerhead adaptors included @ Die cast

® Patented clip-to-coil fitting 1 weatherproofcase @ Clip-to-coil orremote

® Fits all 12v neg. earth vehicles mounting facility @ Fits majority of 4 &6 cyl.
) 12V. neg. earth vehicles ® Over 145
components to assemble.

TX2002

Electronic ignition
® The ultimate system ® Switchable
contactless. ® Three position switch with
Auxiliary back-up inductive circuit.

® Reactive Discharge. Combined capacitive
and inductive. ® Extended coil energy storage
circuit. ® Magnetic contactless distributor trigger-
head. ® Distrigutor triggerhead adaptors included
® Can also be triggered by existing contact breakers.

$X2000

Electronic Ignition
® The brandieading system

on the market today
@ Unique Reactive Discharge
® Combined Inductive and
Capacitive Discharge

® Contact breaker driven ) ® Die cast waterproof case with clip-to-coil fitting @ Fits
® Three position changeover switch majority of 4 and B cylinder 12v neg. earth vehicles.
©® Over 130 components to assembie ® Over 150 components to assemble

@ Patented clip-to-coil fitting

® Fits all 12v neg. earth vehicles All SPARKRITE products and designs are fully covered by one or more World Patents.

MAGIDICE

Electronic Dice
® Not an auto itern but great fun
for the family
® Total random selection
® Triggered by waving of hand
over dice
® Bleeps and flashes during a 4 second
tumbie sequence
® Throw displayed tor 10 seconds
® Auto display of last throw 1 second in 5
® Muting and Off switch on base
® Hours of continuous use from PP7 battery
® Over 100 components to assembie 1

“FREE” MAGIDICE KIT WITH
ALL ORDERS OVER £45-00

SPARKRITE 82 Bath Street, Walsall, West Midlands, WS 1 3DE Engiand Tel: (0922) 614791 Allow 28 days for delive

SELF
| ASSEMBLY KIT Egrx\)ﬂgess
. SX 1000 " £12.95
l SX 2000 £19.95
TX 1002 £22 95 : ,
l k3005 | faz.es | ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR
AT 80 £32.95 5 ____KITREF
l VOYAGER £64.95 CHEQUE NO.
MAGIDICE £9.95

PHONEYOURORDERWITHACCESS/BARCLAYCARD
l e SRR ST ST AL SEND ONLY SAE IF BROCHURE IS REQUIRED
IR NSh NRE EOE AR NEN NEN NN PN BN SIm A M

& ’
CUT OUT THE COUPON NOw!
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jte  ELECTRONIC IGNITION

KITS OR READY BUILT

IS YOUR CAR

AS GOOD AS
iIT COULD BE ?

* Is it EASY TO START in the cold and the damp? Total Energy
Discharge will give the most powerful spark and maintain full
output even with a near flat battery.

* Is it ECONOMICAL or does it ‘“go off”’ between services as
the ignition performance deteriorates? Total Energy Discharge
gives much more output and maintains it from service to
service.

v Has it PEAK PERFORMANCE or is it flat at high and low revs.
where the ignition output is marginal? Total Energy Discharge
gives a more powerful spark from idle to the engines max.
{even with 8 cylinders).

vc Is the PERFORMANCE SMOOTH.The more powerful spark
of Total Energy Discharge eliminates the 'near misfires‘whilst
an electronic filter smooths out the effects of contact bounce
etc.

vk Do the PLUGS and POINTS always need changing to bring
the engine back to its besi. Total Energy Discharge eliminates
contact arcing and erosion by removing the heavy electrical
load. The timing stays ““spot on’’ and the contact condition
doesn’t affect the performance either. Larger plug gaps can be
used, even wet or badly fouled plugs can be fired with this
system.

Most NEW CARS already have ELECTRONIC IGNITION.
Update YOUR CAR with the most powerful system on the
market - 3% times more spark power than inductive systems -
3% times the spark power of ordinary capacitive systems, 3
times the spark duration.

Total Energy Discharge also features:

EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO
INTERFERENCE, CORRECT SPARK POLARITY and
DESIGNED IN RELIABILITY.

IN KIT FORM it provides a top performance system at less than
half the price of competing ready built units. The kit includes:
pre-drilled fibreglass PCB, pre-wound and varnished ferrite
transformer, high quality 2uF discharge capacitor, case, easy
to follow instructions, solder and everything needed to build
and fit to your car. All you need is a soldering iron and a few
basic tools.

FITS ALL NEGATIVE EARTH VEHICLES
6 or 12 volt, with or without ballast.

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS:
(Older current impulse types need an adaptor}.

STANDARD CAR KIT £15-90

! PLUS
Assembled and Tested £26-70

P.&P.

TWIN OUTPUT KIT £24-55

For Motor Cycles and Cars with twin ignition systems

Assembled and Tested £36-45

Prices
include
VAT

ELECTRONIZE DESIGN

Dept. D - Magnus Rd - Wilnecote
Tamworth B77 5BY
tel: 0827 281000

£1(U.K.)

The basic function of a spark ignition system is often lost
among claims for longer “burn times’ and other marketing
fantasies. It is only necessary to consider that, even in a small
engine, the burning fuel releases over 5000 times the energy of
the spark, to realise that the spark is only a trigger for the
combustion, Once the fuel is ignited-the spark is insignificant
and has no effect on the rate of combustion. The essential
function of the spark is to start that combustion as quickly as
possible and that requires a high power spark.

The traditional capacitive discharge system has this high power
spark but, due to it's very short spark duration and
consequential low spark energy, is incompatible with the weak
air/fuel mixtures used in modern cars. Because of this most
manufacturers have abandoned capacitive discharge in
favour of the cheaper inductive system with it’s low power but
very long duration spark which guarantees that sooner or later
the fuel will ignite. However, a spark lasting 2000uS at 2000
rev/min. spans 24 degrees and ‘later’ could mean the actual
fuel ignition point is retarded by this amount.

The solution is a very high power, medium duration, spark
generated by the TOTAL ENERGY DISCHARGE system. This
gives ignition of the weakest mixtures with the minimum of
timing delay and variation for a smooth efficient engine.

Y SUPER POWER DISCHARGE CIRCUIT A brand new
technique prevents energy being reflected back to the storage
capacitor, giving 3% times the spark energy and 3 times the
spark duration of ordinary C.D. systems, generating a spark
powerful enough to cause rapid ignition of even the weakest
fuel mixtures without the ignition delay associated with lower
power ‘long burn’ inductive systems.

* HIGH EFFICIENCY INVERTER A high power, regulated
inverter provides a 370 volt energy source - powerful enough to
store twice the energy of other designs and regulated to
provide sufficient output even with a battery down to 4 volts.

v PRECISION SPARK TIMING CIRCUIT This circuit removes
all unwanted signals caused by contact volt drop, contact
shuffle, contact bounce, and external transients which, in
many designs, can cause timing errors or damaging: un-timed
sparks. Only at the correct and precise contact opening is a
spark produced. Contact wear is almost eliminated by reducing
the contact breaker current to a low level - just sufficient to
keep the contacts clean. 1

Total
Energy
Discharge
140W
36mJ
135mJ
500uS

TYPICAL SPECIFICATION Ordinary
Capacitive
Discharge
oW
10mJ
65mJ

160uS

SPARK POWER {Peak)

SPARK ENERGY

STORED ENERGY

SPARK DURATION

OUTPUT VOLTAGE {Load 50pF,
equivalent to clean plugs}
OUTPUT VOLTAGE (Load 50pF
+ 500k, equivalent to dirty plugs)
VOLTAGE RISE TIME TO 20kV
(Load 50pF) 25u8 30uS

TOTAL ENERGY DISCHARGE should not be confused with
low power inductive systems or hybrid so called reactive
systems.

38kV 26kV

26kV 17kV
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cou!d make your own, but why | bother anymore 3
Now you can buy your. boards straight from the des:gners — us' As'of this i tssul
pyright) PCBs will be available, auiomatlcallymm the ETI PCB Seivice. F

~ ‘produced from the sam

wvw‘ :

e master used to build our prototypes, so you’can beasure*}t’s gccul‘a

< -and will be finished $o the high standard you would:expect from ETI. -;;"‘" o B

~ Inaddition to the P€Bs for this month's projects, we are making available somé of #he mbr?
_ gopular designs erm our recent past. See the list belg
““BOARDS ARE AVAILABLE. If- lt's not listed, wequp’ ave it!

APRII. 79

¥ (0 Guitar Effects Unit

O Click Eliminator

JUNE 79
O Accentuated Beat Metronome

FEBRUARY 80
O Tuning Fork

 MARCH 80
O Signal Tracer

AUGUST 80
O CMOS Logic Tester
O Capacitance Meter
O Ultrasonic Burglar Alarm

OCTOBER 80

O Cassette Interface

O Fuzz/Sustain Box
NOVEMBER 80

O TouchBuzzer

O LightSwitch

0 Metronome

O 2W Power Amp

(3 RIAA Preamplifier

O Audio Test Oscillator
DECEMBER 80

[3 Musical Doorbell

O Bench Amplifier

O Four Input Mixer
JANUARY 81

U LEDTacho

O Multi-OptionSiren

O Universal Timer
FEBRUARY 81

O Infra-red Alarm (four boards)

O Pulse Generator
MARCH 81

O Engineer’s Stethoscope
APRIL 81

O Musical Box

O Drum Machine(two boards)

[ GuitarNote Expander
JUNE 81

'O Mini-drill Speed Controller

O AntennaExtender

D LED Jewellery: Cross

Spiral (two boards)

D Star(two boards)
£ Waa-phase

JULY 80
[J System A A-MM/A-MC
[J System A A-PR

‘0O Smart Battery Charger

AUGUST 81
O System A Power Amp(A-PA)
O Flash Sequencer
O Hand-clap Synthesiser
O Heartbeat Monitor
O Watchdog Home Security
(two boards)

SEPTEMBER 81
O Mains Audio Link (three boards)
O Laboratory PSU

OCTOBER 81
O Enlarger Timer

.0 Sound Bender
{0 Thermal Alarm

O Micropower Pendulum
NOVEMBER 81

{J Voice-OverUnit

[J CarAlarm

O Phone Bell Shifter
DECEMBER 81

[1- Alcohometer(two boards)

O Bodywork Checker

0O Component Tester

JANUARY 82

(O Parking Meter Timer

O InfantGuard

O Guitar Tuner(two boards)
FEBRUARY 82

O Ripple Monitor

O Pest Monitor

O [ ChingComputer(two boards)

] Moving-magnet stage

U Moving-coil stage

£1.47

£2.64
£2.65
£1.53

£2.65
£5.17
£1.97

£4.77
£3.44
£3.97
£1.83

£5.31

£7.35
£4.53

£3.40

£2.65
£2.63
£2.21

£3.97
£2.81
£2.96

£5.32
£1.97
£1.49

£2.37
£1.80
£5.97

£2, 08\
£1.85 O
£5.31,
£3.80!
£3.80

for details. Please note that

MAY 82
) DV Meg
O Analogue PWM
O SlotCarController -
[ Wattmiser.
O Sound Effects Boar
June 82
O lon Generator (two boards)
O lon ‘Blinker’
O MOSFET Amp Module
O'Logic Lock
O Digital PWM
D Optical Sensor
O Stylus Timer
O Oscnlloscope (four boards)
JULY
] Mike Swnchmg Unit
0O TV Bargraph (main board)
{J TV Bargraph (channel card)
O Hotwire
U Bridging Adaptor
AUGUST 82
O Playmate (three boards)
O Kitchen Scales
'J Sound Track
SEPTEMBER 82
{3 Auto Volume Control
O Dual Logic Probe

OCTOBER 82
Message Panel (one card)
NOVEMBER 82

Spectrum Analyst (3 boards) £16.29

Pulse generator
3 Message panel interface
DECEMBER 82
O ELCB
; O Servo Interface (two boards)
O Spectracolumn
U Signal Line Tester

JANUARY 83

'00 Fuel Gauge
0O zX ADC
[0 Programmable PSU

£6.09
£2.27

£2.54
£5.99
£5.48
£1.78

£3.21
£2.39
£3.2h

Total for boards
- Add 45pp & p
~ Total enclosed

How to order: indicate the boards required by
ticking the boxes and send this page, together with
your payment, to: ETI PCB Service, Argus
Specialist Publications Ltd, 145 Charing Cross
‘Road, London WC2H OEE Make cheques payable
to ETI PCB Service. Payment in sterling only please.
Prices subject to change without notice.

Signed. .. .... ..

i



This new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method. No previous
knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in edsy

.steps mastering all the essentials of

your hobby or to start or further a

career in electronics or as a self-

employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally atany
time, for advice or help during your
work. A Certificate is given at the end -
of every course.

You will do the following:

@®Build a modern oscilloscope . (o V‘.""‘-’-—'-

@ Recognise and handle current electronic %
components

@ Read,draw andunderstand circuit diagrams

-@Carry out 40 experiments on basic
electronic circuits used in modern
enuipment

@Build and use digital electronic circuits
and current solid state ‘chips’

@ Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NewdJob?New Career?New Hobby ?Get into Electronics Now!

—_—————-—-——_——_1
' Please send your brochure without any obligation to | am interested in: E/ 12

T i e

NMA h W A EEINCWREDTIN SR R S

&~

o [ ] COURSE IN ELECTRONICS
I COLOUR BROCHURE NAME as described above

: - AR — T 1 RADIO AMATEUR LICENCE
I ADDRESS 1 MICROPROCESSORS

~ 1 LOGIC COURSE

I " i : i OTHER SUBJECTS
,‘;3:"“ RONH .

POST NOW TO: ' BLOCK CAPS PLEASE

LEritishNatmnalBadm&Elecu'omcs SchoolReadlng Berks, RGllBR R,
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19" RACK MOUNTING CABINET. 17305
Front Panel 480X 150 mm Rear Cose 425 %X 250X140mm £'9.so

' Dr Free Standing

Brushed
Ali Front

with
‘CROME HANDLES'.

rack cabinet has all o

Frrovides security for your equipment and easy access for
he features you would expect from a professional unit.

[This is a prolessional 7ack mounting cabinet that will aliow vou to get your aumpmenl off the hench Aack mountingy
Ths

% Top, bottom and rear cover remavatle for eccess & Piates have heavy duty grey paint finish % Front panei isf
hasvy gauge ~ 3mm asluminium % Strong. screwed, conswuction throughout — screws included % Hesvy gaugd
cmuu mounting plste is pea-drilled and has four mounting positions 1o choose from % Front p-mi is of bruum1

h snhanced with heavily chromad hendles * A\

19 ENCLOSUREs EURO SIZESI{_, 229
AT " Rear Case h=U SUZ€ o

= 10w COsT _4e2ar5w250d less 10mm _Eggm

s» 1u, 2 44mm |2u — -17:50 3(5({)&

Special Sizes g‘d: —;g:?g “’%@a

Made To Suit | 5, = QI := 22702 |00 S5 &

REQUIREMEN | 8u #2220

\ PRy

metal cabinets rdL
These are i catungls with an base ~ O“
and 18 gauge steel covars. They coma hitted with rubber feet {to piesse u_]
the wife!). fou.red lor ventilstion and finished 1n un ettractive two tone omo
fimsh, They maks excellent csbinets for power supphes. remote m
Contrg! units and.many mere projects <mo

a £170 S Q)

a - 102{drx 66(h} x BHwimm - —
b s x s x tostmn D §2°55 , E{:
€ v 150 x T8N x 134(wimem S, .. £3-04 o
d= o xeowiem d £4-08 gk for our FE EE”—aca,ogue,

SOLDERING-IRON-30 W

RELAY-A- QUIP, Moat Lodge Stock Chase, VISA -113
MaldonEssex, phone, 0621-57242 & MON-—- SAT

Lightning service on telephoned credit card orders!

imia)

L The firm for Speakers

Bigger and Better
the colourful Witmsiow Audio brochure -
—the definitive loudspeaker catalogue!

Everything for the speaker constructor —kits, drive units,
components for HiFi and PA.

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks *
% Expert staff — Sound advice *
* Choose your DIY HiFi Speakers in the comfort of our *
two listening lounges
{Customer operated demonstration facilities)
* Ample parking *

Send £1.50 for catalogue
{cheque, M.O. or stamps —or phone with your credit card number)

* Access — Visa — American Express accepted *
also HiFi Markets Budget Card.

il
@Theﬁrmfors;nm

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

0625 529599

MSF CLOCK is ALWAYS CORRECT — never gains or loses,
SELF SETTING at switch-on, 8 digits show Date, Hours,
Minutes and Seconds; auto GMT/BST and leap year, also
parallel BCD output {including Weekday}, receives Rugby
60KHz atomic time signals, built-in ‘antenna, 1000Km
range, GET the TIME RIGHT, £69.60.

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data

- output for computer etc, decoding details and ZX81 Yietings

for LOCAL, GMT and SIDEREAL time, £22.20.

LOSING DX? Antenna Fauit? Check FAST with an Antenna
Noise Bridge, MEASURE resonance 1-150MHz and
radiation resistance 2-1000 ohms, £18.60.

Each fun-to-build kit includes all parts, printed circuit, case,

postage etc, money back assurance so GET yours NOW.

CAMBRIDGE KITS

45 (TN} Old School Lane, Milton, Cambridge.

TIME WRONG? |

CNC 10: £16.10 INC. VAT
FOAM PAD & CLIP:
£5.64 INC. VAT

Please add £1.50 to cover postage.
Available direct from the manufacturer:|

CNC 10 PCB HOLDER

Ideal for small scale production, testing, research, service engineers, education and
the home constructor.

The CNC 10 has a board capacity of 8" x 8” and longer boards {maximum 8" wide}
may be accommodated since they can project beyond the ends of the rails.
Adjustment of the board rails is extremely simple and they are locked in the desired
position by one central locking clamp. A further clamp enables the PCB, when in
position, to be rotated through 360 degrees .

and locked in the required position.

An optional foam pad is available which
enables a number of components to be .
inserted prior to soldering. Pad size 8" x *
8", ’

CARLTON NICHOL & CO. LTD.,
GOLDKEY INDUSTRIAL ESTATE,
KELVEDON, COLCHESTER, ESSEX

Universal NFCAD, battery charger. All plastic case
with lift up lid. Charge/Test switch. LED indicators
at each of the five charging points.

Charges:- PP3 (SV) U12 (1-6V penlite), U11
(1-5V “C”), U2 (1-5V “D"), Power:- 220-240V
AC, Dims:- 210 x 100 X 50mm Knock down
price only while stocks .
fast.

Ve

Only £6.00
) R0 Order No. MW 398
Muttitester & Transistor Tester
DC volts 0-1v-5v-2-5v-10v-50v-250v-1000v +3%
AC volts 0-10v-50v-250v-1000v +3%
DC current 0-50uA-2-5mA-25mA-0-25A +3%
| Resistance:
Minimum 0-2-2-200-200k chms 1
Midscale 20-200-20k-200k ohms I +3%
Maximum 2k-20k-2m-20m ohms
As a transistor tester
Leakage current 0-150uA at Z1k range
0-15mA at X10 range } 5%
0-150mA at X1 range ;
PLEASE ADD 15% VAT & £1 P&P

ENFIELD
ELECTRONICS MIoDX. Ta: 07365 1675

94

SAVE fff's ON HOME HEATING BILLS

UNIQUE DIGITAL THERMOSTAT
POSSIBLE FUEL
SAVINGS OF

UP TO 25% :
Normally manufactured exclusively for the trade. Features: ®
Continuous readout of ambient temp via 3 digit 7 segment display
® LED indicates when pump is in operation ® 0.2°C Hysterises
® 240v 3A control contacts ® Switched set temperature @
Freeze protection setting
High specification — Simple to calibrate —
§} Connect in place of existing thermostat —
Requires 240v 2VA supply — Kit includes all
= .‘m‘ ¥ necessary components, Enclosure, diagrams®
"~ and instructions,
Kit price only £39.90. Assembled Price £49.90
Prices include P&P and VAT
Send cheque or PO to: DICON ELECTRONICS LIMITED Bond

Street, Bury, Lancs BL9 7DU Tel 061-797 5666 Telex 665362 - ‘
“ -
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MONTHLY IN
ELECTRONICS TODAY —
YOUR OWN ‘WHERE TO

BUY IT* GUIDE

LOOKING FOR

COMPONENTS! HARDWARE! |

CASES! TRY YOUR LOCAL
LISTED STOCKIST

FOR YOUR BUSINESS TO
BE INCLUDED, CALL
ELECTROMART ON

AVON

ANNLEY ELECTRO

190 Bedminster Down Road
Badminster Down, Bristol
Tel: 0272
Open: Mon-Sat 9am-6.30 pm Wed 9am-2pm

LANCASHIRE

ETESON ELECTRONICS

15B Lower Green,
@ Bm@Poulton-le-Fylde, Blackpool

Tel: (0253) 885107

Open: 9.30am-12.30. 1.30-6.30. Closed Wed & Sun.
Electronic Component Specialists.

'BEDFORDSHIRE

BROADWAY ELECTRONICS

1 The Broadway, Bedford,
Tel: 0234 213639

Open. 6 days 8-5.30. ¥ day Thur.
lunch 1.30-2.30
Specialists in electronic components and
Acorn computers.

DORSET

D.J. ELECTRONICS
64 Ensbury Park Road,
Bournemouth.
Tel: (0202) 515073.
Open: Mon-Sat 9am-6pm.

HERTFORDSHIRE

' GODDARDS COMPONENTS
110 London Road, St. Albans.
Tel: St. Albans 64162

Open: Mon-Sat 9.30am-5.30pm
(% day Thur)

MERSEYSIDE

MYCA ELECTRONICS

2 VICTORIA PLACE
SEACOMBE FERRY SQUARE
WALLASEY L44 6NR

Tel: 051 638 8647
Open: Mon-Sat 10am-5.30pm

WAVIEBANDS

103 Coventry St., Kidderminster

Components, computers, car radios,
C.B.’s, amateur radio

__and all electronic hobby equipment

Open: Mon-Sat 9-6, Sun 10-2
2 __3 T:L: 0562 2179 -
TAFFORDSHIRE .

ﬁ sLecTrRonic 105 High St.,

SUPPLIES Wolstanton,
Newcastle

Tel: 0782 636904
Open: Mon-Wed 9-6, Thurs 9-12 & 5-7,
Fri & Sat 9-9, Sun 11-2

INTERNATIONAL:

BUSINESS NAME: .

Please include my business details in the next available issue of ELECTRONICS TODAY

| S. WALES

01-437-1002.

CARCIGAN ELECTRONICS
Chancery Lane, Cardigan,
Teal: Cardigan (0239) 614483

Open: Mon-Sat 10am-5pm. Closed Wed.
Electronic components &
Acorn computer stockist.

STEVE'S ELECTRONIC
SUPPLY CO. LTD.
45 Castle Arcade, Cardiff

TEL: 0222 41905
Open: Mon-Sat 9-5.30
For components to computers

WARWICKSHIRE

?‘ZON

Charlotte St, Rugby. Tel: Rugby 78133

Open 5 Days 10-6 (closed Wed)
Wide range of components and R.S. stockists -
1933 Mail Order Catalogue 75p

ACE MAILTRONIX LTD.
3A Commercial Street,
; Batley. Tel: (0924) 441129

Open: Mon-Fri 8am-5.30pm. {Sat 1pm)}
Retail and wholesale. .

1
1
|
]
1
1
1
1
1
1
1
1
1
1
1
1
]
]
|
]
1
1
1
]
1
]
1
]
1
1
1
L]
1
ir
1
1
1
1
1
1
1
1
]
1
1
1
1
o4

ADDRESS:

TEL. NO.:

OPENING HOURS: .....ccoeee

RETAIL []

____;.__--------1‘

WHOLESALE [ ]

CONTACT: (FOR OFFICE USE ONLY)

.....

MAIL ORDER []

{Please tick)

[ B -E R N N N 8 N B N _F -E-F N N B N E N R

r
|
1
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]
]
1
1
1
1
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1
1
1
1
1
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1
1
1
]
1
1
1
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1
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on request)

WC2H OEE

ADVERTISEMENT
RATES Semi-Display (min 2 cms)

1-3 insertions £10.00 per cm

4-11 insertions £9.00 per cm

12+ insertions £8.00 per cm’

Lineage 35p per word (min 15 words)
Box Nos. £2.50

Closing date 1st Friday in the month
preceding publication date.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available

Send your requirements and cheque / P.0. to:

E.T.I. CLASSIFIED ADVERTISING,
145 CHARING CROSS RD, LONDON

CLOSING DOWN SALE

V. BANSAL
14 DAVIGDOR ROAD, HOVE, E. SUSSEX
Ali are naw. Mini order £20.00.
Free postage, No V.A.T.

. 30p 4019 .
10p 4024

20p 4071 ...
10p 4518 ...
40p 4557

e 13p 741814 ...

PRINTED CIRCUITS. Make your own sim-
ply, cheaply and quickly! Golden Fotolac
light-sensitive lacquer — now greatly im-
proved and very much faster. Aerosol
cans with full instructions, £2.25. De-
veloper 35p. Ferric Chloride 55p0. Clear
acetate sheet for master 14p. Copper-clad
fibreglass board, approx. 1mm thick
£1.75 sq. ft. Post/packing 75p. White
House Electronics, Castle Drive, Praa
Sands, Penzance, Cornwall.

PARAPHYSICS JOURNAL (Russian trans-
lations); Psychotronic Generators, Kirliano-
graphy, gravity lasers, telekinesis. Details:
SAE4 x 9”. Paralab, Downton, Wilts.

BURGLAR Alarm Equipment. Please
visit -our 2,000 sq.ft showrooms or write
or phone for your - free catalogue.
C.W.A.S. Ltd, 100 Rooley Avenue, Brad-
ford BD6 1DB. Telephone 0274 308920.

AERIAL AMPLIFIERS Improve weak
television reception. Price £6.70, S.A.E.
for leaflets. Electronic Mailorder,
Ramsbottom, Lancashire BLO 9AGH.

SPECTRUM VENTURE. Exciting new
game for the Spectrum (7 games in 1). In
colour, with sound and fantastic screen
effects, 16K and 48K version supplied on
one cassette for £6. Bobker, 29 Chadder-
ton Drive, Unsworth, Bury, Lancs.

MONITOR YOUR PHONE

Qur unique telephone monitor kit connects between the
phone line and any cassette recorder and automatically
records all incoming and outgoing phone calls —
unattended — 24 hours a day.
Use it to record important or interesting phone calls, to
detect and trace unauthorised phone use, to analyze
phone useage, etc. -
The kit comes complete with all components, leads,
plugs, PCB, and sttractive case. Send only £9.95 to:

UNITECH (Midlands) Dept ETI

FREEPOST
Sutton Coldfield, West Midlands B74 2BR
{No stamp required)
{Not British Telecom Approved)}

BIG BARGAIN BOX

Our Big Bargain Box contains over a thousand components —

resistors, capacitors, pots, switches, diodes, transistors, panels,

bits and pieces, odds and ends. Al useful stufi — would cost many

times the price we are asking if bought separately. Approx. weight

4lbs.

ONLY £5.00 inc. post — you're bound to come back for
another!!!

ESP
147A FOUNDRY LANE, SOUTHAMPTON SO1 3LS
Lots of surplus bargains on our latest list — send an SAE for your
topy now.

CIRCUIT DESIGN, Prototype construction,
analogue or Digital, Siangle Circuits or
Complete Instruments/Systems. Write A. J.
ATTWOOD, C.Eng., MIERE, Heathercote,
Heatherton Park, Taunton, Somerset, TA4
1ET, or Phone Bradford-on-Tone (082-346)
536.

96

ATTENTION ELECTRONIC
' ORGAN KIT BUILDERS

Shop soiled 80 note plastic keys £17.25
30 note all timber pedal boards £86.25
Few only! Mini consoles oak or mahogany

£195 ex works including V.A.T. *
George Sixsmith organ builders,
Hillside Organ Works, Carrhill Rd.,
Mossley, Nr. Ashton-u-Lyne, Lancs.

LYNX AUDIO PROCESSORS. The Great
New Name in Electro-music. Revers £29.95.
Fuzz/Sustains £19.95. Programmable Drum
Synthesizers  (dual  channel}  £59.95.
Autowahs, Phasers and Custom-Built Multi-
music Processors. S.A.E. for Brochure to:
Lynx Audio Processors, 26 Aldingbourne
Close, Ifield, Sussex.

Tel: Mossley 3009
L ) )

PACK OF TWO BNC 75R PLUGS £1.20,
27vdc 4 Pole (Mains ‘Continental’ type)
change over relay £1.20. Coax change over
relay 9vdc £4. All prices include VAT &
postage. Send SAE for list AFR Electronics,
School Lane, Moulton, Northampton.

T. & J. ELECTRONICS COMPONENTS —
Quality components, competitive prices.

. Illustrated | catalogue 45p. 98 Burrow

Road, Chigwell, Essex.

‘'STEREOPOWER’ — 120 WATT — £10.85.
Case + Stereo Controls + Sockets + Datall
Kia, 8 Cunliffe Road, llkley. MERRY
CHRISTMAS.

WILDERN ELECTRONICS LTD for all
microprocessor-based system designs,
GPIB interfaces/software, S100 systems
using our own CPU (also sold separately).
Instrumentation systems, peripheral inter-
facing. Test/Control equipment,
Established 1977, MAPCON consultants.
Contact Mr Priestley, Portsmouth
831041.

B

3 <y

A really compact high
performance CCTV camera
for only £130.00 plus VAT
plus P/P, Total £152.95.

Size 3'x3"x 97 240v operation.
1v p-p output. Lens extra.

CROFTON ELECTRONICS LIMITED

35 GROSVENOR ROAD, TWICKENHAY:
MIDDLESEX TW1 4AD

Telephone 01-891 1923/01-891 1513
Telex 295093 CROFTN G

DIGITAL WATCH REPLACEMENT parts
batteries, displays, backlights etc. Also
reports pubications, charts. S.a.e. for full list
Profords Conersdrive, Holmergreen, Bucks,
HP15 6SGD
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PSU’s 5V3 £19.99. 5V5A £26.99. 1-30V 1.5A
£26.99. BA £32.99. inc. p&p. S.A.E. Lists.
Edwards Electrics, Unit 3, Mill Lane,
Bridgwater, Somerset.

EPROMS. Small Surplus Quantity of 2532
Eproms. Brand new, full spec. devices. £3.25
each or £2.95 each for quantities of 10 or
more. Please make cheques payable to ‘A1l
Systems’. Apply Box No. ETI203. Asp Ltd.,
145 Charing Cross Road, London WC2.

HAVEN HARDWARE. Spectrum Fruit
Machine £4.95. UK101/Superboard products
still available. ZX kits: Repeat Key £3.95.
Inverse Video £3.45. S.A.E. for built prices/
beeper/keyboard/software details. 4 Asby
Road, Asby, Workington, Cumbria.

CENTURION

ALABMS

We manufacture, you save £££'s
Send s.a.e. or phone for our Free list of
professional D.LY. Burglar Alarm Equip-
ment and accessories,

Discount up to 20% off list prices,
e.g. Control Equipment from £15.98,
Decoy Bell Boxes from £5.95 inc.
TRADE ENQUIRIES WELCOME

— 3 '0484-21000

or 0484 35527 (24 hr.ans.)

CENTURION ALARMS (HE)
1265 Wakefield Road, Hudderstield

HD5 SBE, W. Yorkshlre\@
Access & Visa
Orders Welcomed
=

STOCK CLEARANCE. Wirewound
Resistors C7, C14, FA75, W24, AW1602,
16ER. Cannon Plugs Sockets JP12, JS12.
745133, 8284A, 74193, 7483, 74120. Diode
12F40. Static Ram 2102. © Amphenol
Connectors MS3102A-20-24S, MS3106A-20-
24P, MS3106A-20-29p. For prices contact
Pat Critchfield, Posidata Limited. Telephone
0256 52741.

COPPER CLAD Double Sided Fibregiass,

12" x 8". 10 sheets £6. 5 sheets £4. Davr(_)n,
Box No. E.T.1.202, Asp Ltd., 145 Charing
Cross Road, London WC2.

iz

BRYSTEP ELECTRONICS

10-Camphill Industrial Estate
Wast Byfleet, Surrey KT14 6EW
Tel: Byfleet (09323) 51676

Many, many other items hetd
in stock. S.A.E. for full stock
and price list. Also seperate
fist of hems which are ex-

CMOos Surplus/Liquidator stock, at
4001 £0.10 bargain price. 'We  fully
4007 £0.15 guarantee your money back
4008 £0.47 in FULL if any item fgils,
4011 £0.11 whether old  or  naw,
4012 £0.16 provided it Is raturned within
AN3 £0.22 28 days of receipt. We have
4015 £0.50 never had to return money
4016 £019 yet.
4017 £0.38
4018 £0.45
4021 f0.40
Mmza g:g D Cannectors {Cannon Type}
4028 £0.32
405 £0.16
IWay £0.80 £0.95 £0.90
o o 1BWay £110 150 f0.82
082 fods ZWay £150 £200 0.2
&1 €058 Tway £220 £3.25 £1.28
4049 £0.22
Rt Angle P.C.B. Mtg
4050 £0.22 9Way £1.17  £1.80
4066 £0.29 1BWay £153 £.32
m g}g XEWay 0220 £22
e 3IWay £297 £4.20
2081 gg
1 4083 £9. Volt Regulators Diodes
4503 £0.35 7806 £0.3% INSO02  £0.04
4508 £1.44 7815 £0.39 iN4148  £0.02
0 e LM309K £1.30  IN5401 £
44212 H LM323K £4.88 IN5406  £0.16
14 £1.19 FREE With every order: 1 pack of
4515 £1.20 i 3
416 £059 15 } watt carbon fitm resistors
4618 £0.35 Sorry: MAIL ORDER ONLY
4520 £0.59 Pisase add £0.30 p&p and V.A.T.
4528 £0.64 @15%
4629 £0.70
4531 £0.65 SPECIALOFFERFORTHISISSUE
zi: g-g mexa(sm 7524
- {25+ ) 2716 ( +5V) £2.16 {1-24)
4585 £0.90 fzm( 24)

+;zmmso(
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Save money on drawer sets with

the BITSABOX

12 drawer
white
cardboard
bench set
for your
bits and
pieces
Drawer size
140 x 80

X 37mm

Cheques/PO to:-
DMW Boxes

81 Somerset Road London E17
Prop. R.E. Davidson

PERSONAL CALLERS & TRADE ENQUIRIES WELCOME

FOR SALE Taylor Instrument. AM Signal
Generator Model 68A/17. Hardly used.
Offers. Lymm 3127 evenlngs

CABINET FITTINGS

Fretcloths, Coverings, Handies, Castors,
Flight Case Locks & Parts, Jacks, XLRs,
Bulgins, Reverb Trays. P & N mic Stands,
ASS Glassfibre Horns,

CELESTION POWER

Speakers.

Send
30p cheque/
P.O. for illustrated
catalogue: Adam Hall (ET Supplies),
Unit B, Carlton Court, Grainger Road,
Southend-on-Sea.

DISCO CONSOLE. Build your own from our
plari £2.40. Andrew Burnett, Dept. ETI, 12
Cameron Avenue, Kinross KY13 7BG.

WANTED: ELECTRONIC COMPONENTS
and Test Equipment. Factories cleared. Good
prices given. Q Services, 29 Lawford
Crescent, Yateley, Camberley, Surrey. 0252
871048.

C.C.T.V. SYSTEMS Easily Installed from
£225. S.A.E. for details. Roberts Electrical
Services, Wigmore Lane, Halfway House,
Shrewsbury

A LASER FOR £120. Complete in cabinet
with power supply. Send 50p for details, plus
information regarding other Lasers,
Holograms, available new and ex-exhibit.
DHS Developments, 18 Eldred Road,
Workington, Cumbria.

DON'T MISS THE
FEBRUARY ISSUE OF
ET.L
ON SALE JANUARY
THE 7th
FOR YOUR CLASSIFIED
ADVERTISEMENTS
RING
BRIDGETTE ON

01-437 1002

£6.50 Post 65p MINI-MULT] TESTER

Deluxe pocket size precision moving coil
instrument. Impedance + Capacity — 4000
o.p.v. Battery included. 11 instant ranges
measure: DC volts 5, 25, 250, 500. AC volts
10, 50, 500, 1000. pC amps 0-250u3; 0-
ZaOma Connnulty and resistance 0 to 600K
ohms

De-Luxe Range Doubler Modsl, 50,000
2in. Post £1.

o.p.v. £1880. 7 x 5 x

NEW PANEL METERS £4.50
650ga, 100pa, 5003, 1ma, S5ma,
50ma, 100ma, 25 volt,

VA Meter. 500ma, 1 amp, 2 amp.
Facia 23 x 2 x 13in. Post 65p.

FAMOUS LOUDSPEAKERS Post £2 each
Make Model Size Watts  Ohms Price
Seas Tweeter 4in 50 8 £9.50
Audax Tweeter 4it 30 8 £6.50
Audax ‘Mid-Range 4 50 8 £7.50
Sess Mid-Range 4fin 100 8 £12.50
Seas Mid-Range 5in 80 8 £12.00
Goodmans Woofer 8in 25 4or8 £6.50
Audax Woofer 8in 40 8 £14.00
Audax Woofer 10in 50 8 £16.00
Goodmans 8HB 8in 80 8 £12.50
Rigonda Full-Range 10in 15 8 .00
Baker Hi-Fi Deluxe 12in 15 £14.00
Baker Hi-Fi Major 12in 30 4/8/16 £14.00
Baker Hi-Fi Superb 12in 30 8/16 £24.00
Baker P.A. Group 45 12in 45 4/8/16 £14.00
Baker Hi-Fi Auditorlum 12in 45 8/16 £22.00
Baker Hi-Fi Auditorium 15in 60 8/18 £34.00
Baker P.A. Group 75 12in 75 4/8/186 £18.00
Goodmans GR Group 12in 20 8/16 £27.50
Baker P.A. Group 100 12in 100 8/16 £24.00
Baker P.A. Disco 100 12in 100 8/16 £24.00
Baker P.A, Group 100 15in 100 8/16 £32.00
Baker P.A. Disco 100 16in 100 8/16 £32.00
‘Goodmans HPD Disco 12in 120 £29.50
EMI 450 13x8in 10 3/8 £8.00

HP Bass 18in 230 8 £80.00

Goodmans

R.C.S. LOUDSPEAKER BARGAINS
3ahm, 6 x 3in, 7 x 4in. £2.50; 8 x 5in. §%in. £3; 8in. {450 10in. £5.
8ofm, 2in. 2%in. £2.00; 3n5in. 5 x 3in. 6 x 4in. 7 x 4in. £2
8i 5; 12in. £6.
5 3%in. 6 x 4in, 5in. £2,50. 6%,8 x 5in. £3.
250hm, 3in.5 % 3in. 7 x 4in. £2.50; 120 ohm, 3% in. dia. £1.50.

BATTERY ELIMINATOR MAINS to 9 VOLT DC
Stabilised output, 9 volt 400 m.a. UK made with
terminals. Overload cut out. 5 x 31 x 2}in. Transiormer
Rectifier Unit. Suitable Radios. Cassettes. £4 50. Post 50p.

| 4700mF 40V 85p: 1000mF 100V £1.

LOW VOLTAGE ELECTROLYTICS
1,24, 8,8, 16, 25, 30, 50, 100, 200mF 15V 10p.
500mF 12V 15p; 25V 20p; 50V 30p:
1000mF 12V 50p; 25V 35p; 50V 50p; 1200mF/75V 80p.
2200mF 6V 25p; 26V 42p; 40V 60p; 2
2500mF 50V 70p 3000mE 25V 50p; 50V 85p.
3300mF 63V E1.20; 4700mF 63V £1.20; 2700mF/76V £1.

HIGH VOLTAGE ELECTROLYTICS

8/450V 45p 8 + 8/450V 75p 50 + 50/300V 50p
16/350v  45p 8 + 16/450V 75p 32 + 32 +32/325v  Top
32/350v  75p 20 + 20/450V  75p 100 + 100/275V €5p
50/350V  80p 32 +32/350V 85p 150 + 200/275V 70p ¥
60/450V  95p 32 + 32/500v £1.80 220/450V 95p

(14 x 3 — 75p; 10 x 7 — 958p; 12 x B — £1.10; 12>(5—75

TRIMMERS 30pF, 50pF 10p. 100pF, 150pF 15p. 500pF 30p.

CONDENSERS VARIOUS, 1pF to 0.01mF 350V Sp.

400V-0.001 to 0.05 5p; 01 15p; 0.25 26p; 0.47 35p.

1000V 0.1mF 25p; 0,22mF 30p; 0.47mF 60p; 1750V 0.22mF §0p.

WAFER SWITCHES. 1 pole 12W, 2 pole 6W, 3 pole 4W, 4 pole 3W,
ole 2W, 4 pole 2W 60p

TWIN GANGS 120pF £1; 500 + 200pF £1.

SINGLE SOLID DIELECTRIC 100pF, 500pF £1.60.

GEARED TWIN GANGS 25pF 95p; 365 + 365 + 25 + 25pF £1.

SLOW MOTION DRIVE 6:1 90p.' REVERSE VERNIER 60p.

VERNIER DIALS 36mm £2.25. 50mm £2.75.

SPINDLE EXTENDERS 60p. COUPLERS 40p.

NEON PANEL INDICATORS 250V. Red *1 x § 45p. Round at 40p.

RESISTORS. 108 to 10M. {W, 1W, 20% 2p 2W 10p.

HIGH STABILITY. W 2% 10 ohms to 1 meg. 10p

Ditta 5%. Preferred values 10 ohms to 10 ineg. 3p.

WIRE-WOUND 10 ohm to 10K 5 watt 20p.

BLANK ALUMINIUM CHASSIS. 6 x 4 — £1.45; 8 x 6 — £1.80

10 x7 —£2.30;,12 x B — £2.60; 14 x 9 — £3.00; 16 x 6 — £2.90

16 x 10 — £3.20. Ali 23in. 18 swg. ANGLE ALL. 6 x } x Jin. 25p.

ALUMINIUM PANELS — 18swg. 6 x 4 — 45p; 8 x 6 — 75p;

16 x 6 — £1.10; 14 x 3 — £1.45; 12 x 12 — £1.50; 16x10—£175
PLASTIC box with aluminium facla 6} x 43 x Zin. £1.50.

ALUMINIUM BOXES WITH LIDS

3 x2x1£1.4x2 2y x 2£1.4 x 4 x 24
6 x4 x%x2f1.60.7 x5 x 3£240.8 x 6
10 x7 x 3£3.12 x5 x 3£275.12 x 8

BRIDGE RECTIFIER 200V PIV } amp S0p. 2 amp {1 M
mp £1.60. 8 amp £2.50. DIODES 1a, 10p; 3a, 30p.

TOGGLE SWITCHES'SP 40p. DPST 50p. DPDT 60p.

MINIATURE TOGGLES SP 40p; DPDT 60p.

|

THE "INSTANT” BULK TAPE ERASER

Suitable for cassettes and all sizes of tape reels.
A.C. mains 200/240V, Post
Ideal all Recorders,

Tapes, Discs, Cassenes, Computers.
HEAD DEMAGNETISER PROBE £5.00.

MAINS TRANSFORMERS

Post

Post
5:8-10-16V, $A £2.50 80p 54y 23A Twice £8.00 £2
2\4/]_:5/*\/ TR £200 £1° 0y 7 £3.00 £1
e bt £3.50 £1 20-0-20V 1A £3.50 £1

260ma £1.50 80p  20/40/60V 1A £4.00 £2
sv3A £3.50 £1 25095y 2A £4.50 £2
-0-9V 50ma £1.50 80p 28y 1A Twice £5.00 £2
10-0-10V 2A £3.00 £1  30v13A £3.50 £1
10-30-40V £3.50 £1 30V 6A and ’
;IZV;ROma £2.00 30p  "47 917y 24 £4.50 £2
12\6 SN £350 £1  35y24 £4.00 £1
-0-12V, £3.50 £1 34-29.0-29-34V6A  £12.00 £2
15-0-16V2A £375 1 0.1227v2A £3.50 £1

DIO COMPONENT SPECIALISTS

DEPT. 6, 337 WHITEHORSE ROAD, CROYDON,

SURREY, U.K.  TEL: 01-684 1665
B Post 50p Minimum. Callers Welcome. ]
f Closed Wed. Same day despatch. VISA

Access-Barclay-Visa. Lists 31p. e
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-USE ELECTRONICS.TODAY INTERNATIONAL'S CLASSIFIED 1
(35p per word, minimum 15 words. Box Nos. £2.50 extra or £10.00 per single column
centimetre (min. 2cms) — all prepaid
Just write the details on the form below and send it with your cheque, made payable to
A.S.P. Ltd, to Electronics Today International Classified,
145 Charing Cross Road, London WC2 OEE

1. 2 _ 3. 4. B
6. 7. |8 I - 10.
m. 12, ‘ 13. 14. |15
‘?’
|

Please place my ad in the next available issue of E.T.I.:
NI s i . kT ] B 18 00 by e . gy 5 et 0 e s e A

Address.é!-,.gpveiq..;g,gmg-@4,'.1@,4&-54-.«‘.».v\\,.gﬁ;i“‘pre.‘c--t‘a LR L I I R R R A R

Tel.NO.....“.g. ----- et e e Ay s 4 x e mr e s ue D R R R R R
I enclose my cheque/P.O. for the value of £ ... . .... ; ]
[ e— " 2 .—
Electronic kits for the thrifty!
Build 50 Interesting Projects on a PC Chassis with surplus components from your ‘Spares Box’'. —
EXPERIMENTERS’S PRINTED CIRCUIT KIT ; N
Sir e g ADVERTISERS INDEX
‘Crystal Sets, Transistor Radios, Transmitters, Amplifiers, Intercoms, Radio Controi, Metat Detector, L
Photoelectric and Ultrasonic Alarms, 'Perpetual Motion', Light Beam Telephons Instruments,
Taite:;sv Guaglget;yc':cavYou can build Elznegshoglb ePcost witl h Surpl(l;s ;r rec|\(a|med psa(r)ts and tran- Ad EI
sistors you slieady T¥e:  price: ostage and Packing 50p G s i 87  Ha .
ppy Memories.............. 87
PHOTOELECTRIC KIT o L 67 ics 82
A kit of basic parts to build a simple Infra-Red Sensitive Photoelectric Switch. Contents: Phototran- mbitint... -81, 82 KP v 20,21, 79
)sistor, Transistors, Diode, Resistors, Connector, Latching Relay, Chassis Board, Case, Screws and Amtron........ .58 Input Design - . '.80
MHUHTS . Price: £4.50. Postage and Packing 50p ﬁargi?)nElEclezc gg Jupiter Cantab. --38
) ) OP-"‘CAL KllT o . Aura Sounds.. 46 fglgrélling """ 450
A kit of parts to build ag IR folden-beam Prq;eclor and Receiver to suit the above kit. Contents: 2 Bl-Pak __________ 70 ec ... ---87
Lenses, 2 Mirtors, 2-35° blocks, Infra-Red Filter, Lampholder, Building Plans. B | ¥ DBPUETFdR.ccincinn., LB Elec............ ___88
Price: £3.70. Postage and Packing 30p BK Elec..... 12,59 'Em Services 44
Both kits together make an excellent Invisble-Beam Burglar Alarm. Black Star .......ccccveveinnnns 76 Magenta 44
EXPERIMENTAL ELECTRONICS | | BNRS 92 paoEne =
335 Battersea Park Road, London SW11 4SL BNOS ..o s 76 Marlo TI.’;di 76
Tel: 01-720 2683 Bradley Marshali .............. 4 Manson 76
Send SAE for full details of all kits and circuits Calculator Sales & Memotech ... 50, 51
- . Service ......ocivrnennnenns 58 '
Cambridge Kits ......94 g ich CO o o
g::tt::‘N'Chol - gg Newnes Tech Books........80
- i T X Pantechnic .............. .19
Please mention S v— S AL
: 0L, ““6g Pops Components ... 76
a7 ;owertran .......... 2,10, 66, 99
. : b apid Elec ......cneicnicnnnnnand 6
D!CO" Elec... 94 RelayA Quip. .94
! 4 Display Elec 15 piscom 37
s Electrgvalle...: ..... 15 pTy. cp """ "8
] | | || E:ﬁ::\"ézl:co esign .. g Sinclair Resea , 49
T ol Sparkrite .........coerveiveenens 89
IEEnﬁeld Elec. ...94 Target Eiec 81
Uropa .....eevernes ....66 P 4
Wh e n re I i n : Experimental Elec .98 }'::rn:smatlc s, %2
g Flight Elec ........... w8 TR Elag 40
‘ globlanpzc Corp gz Watford Elec 4,5
reenbank. .. é -,
t a I I a d ve rts GreonWBld-L. .. 19 Wilmslow Audio ........88, 94
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T E o _ - MPA 200 is a low price, high powr 100W amplifier, its smart :

= ] i ) > ~ ¥ _ styling, professional appearance and performance make it
e . e one of our most popular designs. With adaptable inputs the ’{
mixer accepts a variety of sources yet straighforward

A ' Wi el é e ¢ ¢ & &
2 < FONATRAN . construction makes it ideal for the first-time builder.
» > : . Complete kit £49.90 + VAT

. — ! CHROMATHEQUE 5000 — a 5-channel lighting system J

o Chromathequs 8000 5 '} powerful enough for professional discos yet controllable for
b = ol z S home-etfects. Sound to light, strobe to music level, random
e 9% ¢ & 2 ¢ 8 ¢ ¢ ¢ or sequential effects — each channel can handle up to 500W
PINEATRRA ° e = C yet minimal wiring is needed with our unique single board
= === * design. Complete kit £49.50 + VAT

.

T ET VOCODER - " PN ETI VOCODER — 14 channels, each with independent level

ARSI, ST control, for maximum versatility and intelligibility; Two input
amplifiers — for speech/excitation — each with level control
and tone control. The Vocoder is a powerful yet flexible
machine that is interesting to build and thanks to our easy to
follow construction manual, is within the capability of most
enthusiasts. Complete kit £175.00 + VAT

Gl g2 2 e eieic ¢iala o o
. d %

- =l e [ oy L P

— s SP2 200 twice the power with two of the reliable, durable and
/ a G economic amps from the MPA 200; fed by separate power
A g supplies from a common toroidal transformer. Superb finish

SR e and quality components throughout — up to {even over!) the ,
¥ . g Tl ¥ . . » s standard of high priced factory-buiit units.
|

Compete kit £64.90 + VAT

] ‘\ 5 4

" Digital Delay Line
- Digital Delay Line
————— Our latest kit! With its ability to give delay times from §
< 1.6 mSecs to up to 1.6 secs. Many powerful effects .

3 including phasing, flanging, A.D.T., chorus, echo & vibrato
~_/ are obtained. The basic kit is extended in 400 mS steps up

>~ E to 1.6 secs. Simply by adding more parts to the PCB.
<3 - Compare with units costing over £1,000!
. Complete kit (400 mS delay) £130 + VAT. b
N Parts for extra 400 mS delay £9.50p. _ ol

S et e e S e B S ) Comlglh e




