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Versatile allophone speech synthesis board with:

@ four levels of inflection

® 2K of on-board RAM storing 100+ words

@ speech reproduced as words, phrases or sentences
® simple interface requirements

CHAT WITH YOUR COMPUTER!

® low software overhead
PLUS
M1BIT s Bench PSU-5V @ 2.5A,
AT 2K x 8 +15V @ 0.5A
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Low-price
robots from

—h ydra//a//y powered |
— microprocessor controlled

The UK-designed and manufactured range of Genesis
general purpose robots provides a first-rate introduction to
robotics for both education and industry. With prices from as
low as £425, even the home enthu5|ast can asplre to his or her

own robot. ’:m - GENESIS

Each robot in the Genesis

range has a self-contained s1 01
hydraulic power source
operated from single phase 240
or 120v AC or froma12vDC
supply. Up to six independent ¢ :
axes are capable of simultaneous operatlon and
all except the grip axis have sensing.devices _
fitted to provide positional control

by a closed loop system based on a

dedicated microprocessor. Movement
sequences can be programmed by

means of a hand-held controller or

the systems can be interfaced

with an external &

computer via a

standard

RS232C link.

Sieirgts H101

The top-of-the-range P102 has dual speed control,
enhanced memory and double acting cylinders for increased
torque on the wrist and arm joints. There is position
lnterro?atlon via the RS232C interface, increasing the
versatility of computer control and inputs are provided for
machine tool interfacing.

All Genesis robots are available either ready-built or in kit
form. The latter provides not only
extra.economy but also :
valuable additional
training as an
assembly project.

“"HEBOT II
¢ Turtle-type
" robot

T g

For under £100, Hebot I takes programming off the VDU and
into the real world. Each wheel is independently controlled by a
computer, enabling the robot to perform an alrnost infinite number
of moves. It has blinking eyes, a two-tone bleep and a solenoid-
operated pen to chart its moves. Touch sensors coupledto its shell
return data about its environment to the computer enabling
evasive or exploratory action to be calculated.

The robot connects directly to an /0 port or, via the interface
board, to the expansion bus of a ZX81 or other microcomputer.

HEBOT i

Weight 1.8kg
complete kit with assembly
instructions £85

Interface board kit £10

MICROGRASP,

Areal, programmable robot for under £200' Micrograsp has an
articulated arm jointed at shoulder, elbow and wrist positions. The
entire arm rotates about its base and there is a motor driven
gripper. All five axes are motor driven and four of these are servo
controlied giving positive positioning. The robot can be controlled
by any microcomputer with an expansion bus — the Sinclair ZX81
being particularly suitable.

MICROGRASP

i Universal computer interface.
Weight 8.7kg, max. lifting

board kit £48.50

23 way edge connector £2.50
AX81 peripheral/RAM pack

£145.00 splitter board £3.00

capacity 100g
Robot kit with power
supply

GENESIS $101

Weight 29kg, max. lifting
capacity 1.5kg
4-axis model (kit form)

GENESIS P101

Weight 34kg, max lifting
capacity 1.8kg
6-axis model! (kit form)

6-axis complete system
(kit form) £945

£475
£737

5-axis model (kit form)
5-axis complete system
(kit form)

GENESIS P102

Weight 36kg, max lifting
capacity 2kg
6-axis system
(kit form)

£425

£675
£1175.00

Powertran Cortex
‘microcomputer

self-assembly kit £295.00

POWERTRAN

cybernetics Itd.
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WATFORD ELECTRONICS

AC126/7 35 |BC12 10 | BF256A 35 |MPSA56 30 |VK1010 99 | 2N3708/9 10 |25C2078 170
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ACY22/41 75 |BC2568 30 | BFR41/79 23 | MPSU56 60 | ZTX109 12 |2N3822/3 48 | 25D234 74
AD142 120 | 307B 14 | BFa94/5 30 |MPSUS6 60 {ZTX212 28 |2NIB6B 90 |2S5Ke5 80
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P&PADD 60p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES :E::z,g/zs :g ggg:én ﬁ g;;g;/s g: 822;;23 ig g:;gé f: g:ﬁag "l: :gg}g :g
CORRECT AT THE TIME OF GOING TO PRESS. AFI78 78 | BC547/8 12 | BFY50/51 23 [0OC170/71 50 |ZTX501/2 18 | 2N4427 80 [40324 100
- AF186 70 | BC549C 14 | BFY52 23 | OC42 80 | ZTx503 18 | 2N4B71 58 | 40326/7 70
VA Export orders no VAT. Applicable to U.K. Customers only. Unless stated othewise, in;%g fg gggggg :: gggg/s gi 88;2176 :8 g;gg‘: 1§: g“g;gglﬁ 32 :gg:g 123
8l prices are exclusive of VAT. Pl add 15% to the total cost inciuding P&P. BO107B 14 | BOY39/40 88 | BFYBa 35 |TIP2oa 32 | ZTXs50 28 | 2Ns172 18 | 40360 80
We stock thousands more Items. It pays to visit us. We are situated behind Watford Football Ground. BC108 10 | BCvas 50 | BFya1 120 | TIP2oC 38 | 2Ne97 23 | 2n5170 45 | 4038172 70
Underg BR High Street. BC108B 14 | BCY58/58 38 | BFYS80  BO |TIP30A 35 |2NB98 40 | 2N5180 45 | 40407/8 75
L BC108C 14 | BCY70/71 16 | BRY39 40 |TIP30C 37 |2N899 48 | 2N5190/1 75 | 40411 285
Open Monday to Saturday: 8.00am to 6.00pm. Ample Free Car parking space avallable. BC109 10 | sBoyr2 20 | BSx20 20 | TIPa1A 38 |2N706A 18 | 2N5194 B8O | 40412 %0
ELECTROLYTIC CAPACITORS: (Vaiues in uF) S00V; 10ut 2, 47 78p; 83V.0.47,1.0.15,22.3.3,47 8p 10 10p; gg:ggg :: SS‘,'ZE 1:3 ga’fgg/ﬂ‘% n‘;g:g gg gm;?g ;g guggg;;g gg :g:g;" ‘gg
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40V 22 9p; 33 12p, 330,470 32p. 1000 48p, 2200 90p, 25V 15,4.7.10,22,47 8p, 100 11p; 150 12p; 220150 [ 5y17/8 20 | BDI124 195 | BU206 200 | TIP32C 42 | 2N1302 45 | 2N5485 38 {40603 110
33022p, 470 25p, 680, 1000 38, 1500 42p; 2200 50p, 3300 76p; 4700 92p. 18V'47.68.1009p; 12512p; 330 | BC137/2 40 | BD131/32 46 | BU208 200 | TIP33A 88 | ZN1671B160 | 2N5777 45 | 40673 78
16p; 470 20p, 680 34p; 1000 27p, 1500 31p; 2200 26p; 4700 72p. BC142/3 30 | BD133 70 | BUYSSC 225 |TIP33C 78 | 2N2160 288 | 2N5870 180 | 40871/2 90
BC147B @ | BD135 45| E421 250 | TIP34A 74 | IN2218A 28 | 2N6027 32
TAG-END CAPACITORS: 64V: 2200 139p; 3300 198p; 4700 245p; 50V: 2200 110p; 3300 184p; 40V: 4700 | BC148B 9 | BD136/37 40 | MDBOO1 250 | TIP34C 88 | 2N2220A 28 | 25A871 250
180p; 25V: 2200 90p; 3300 98p; 4000, 4700 98p; 10.000 320p; 15,000 345p; 16V: 22,000 350p. BC149C 12 | BD138/38 48 Mj2955 70 Pgasé 1;0 2N2221A 2: ggéns 80 CHOKES
BC153/4 27 | BD140 40 | MJE170 150 [ TIP35C 128 | 2N2222A 2 495 70
POLYESTER CAPACITORS: Axlal Lead Type BC157/8 10 | BD144/45198 | MIE180 150 [ TIP36A 130 | 2N2368 25 | 25C496 70 | Minlature
400V: 1nF. 1n5,2n2,3n3,4n7,6n8 11p; 10n, 16n, 18n,22n 12p; 33n 47n, SIEMENS pcb BC158 1" BD158 58 | MJE340 54 | TIP36C 140 | 2N2369A 18 | 25C1061 250 PCB type
68n 18p; 150n 2Gp; 220n 30p; 330n 42; 470n 52p; 680n 1uF 88p; 2u2 82p, vaec"/‘!ma!;”es’ | BC160 45 60225/5 110 udga;o :oo ;lz:u .r;g 2N223:é/4 3; zgcwgg gs
180V: 10nF, 12n, 38n. 11p; 150n, 220n 17p; 330n, 470 30p; 680n 38p; 1uF ERlCagaciton BEef67AL 110 [1BD2dSFERASY MIESAL 00 |WTIRAIE 2Nz 250 0
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1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100N 42p. 1nF, 115, 202, {Bci70 15 | BDE45 B0 | MJE2955 98 | TIF120 70 | 2N2007A 28 | 2SC1307 150 { 47u, 1goou
3n3.4n7, 608, ‘BC17172 11 | BDBE5A 150 | MJE3055 70 | TIP121/2 73 | 2N2926G 10 | 25C1440 85 | 220u, 3300,
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH 100150 7p BC175 11 | BDBOGA 150 | MPF102 40 | TIP141/2 108 | 2N3053 26 | 2SC1678 140 | 470u  30p
10n,15n,22n,27n6p; 33n.47n,68n.100n 8p; 150n,220n CAPACITORS 18n.22n.27n, BC177/8 18 | BF115 as | MPF103 30 | TIP147 %20 [ 2N3054 58 | 25C1879 180
10p; 330n, 4701 15p; 680N 19p; 1u5 40p; 2u2 48p. 1000pF/450V 10p | 33n.39n.47n 8p BC179 20 | BF154/8 25| MPF104 30 | TIP2955 80 | 2N3055 40 | 25C1923 50 | 1mH, 1m5,
39n,56n  12p BC187 20 | BF184/5 38| MPF105 30 | TIP3055 80 | 2N3252 46 | 25C1945 225 | 2m2, 4m7,
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Rotary, Carbon. 82n.100n 11p  |BC182/3 10 | BF194/5 12| MPF106 40 [ 7IS43 32 | 2N3441/2140 | 2SC1963 80 | 10OmH  35p
sovoiue 22 anstsee oo || ke Hat e o S | Te ol e 2 s | mee | B0 | o o
1 5 f ;47,68 2 i 1 . 33m,
:8'2Bi.‘,e:",.2'253333‘,8:",.4:76:& fg g?no 5 é:n S2k {(Fineazionhy) aap | 19071200 10p  1BC1BaL 10 | BF22aa 25| MPSa12 32 | TISS0/1 30 | 2N3704/5 10 | 25C2028 85 | 43m  e0p
A s SIS 9 9 ; P | 150n. 1800 12p BC184L 10 | BF2248 28| MPSA55 30 | UC 65 | 2N3706/7 10 | 25C2029 210
18p; 15, 38p; 22 38p; 33,47 50p; 100 5K 2m Single Gang Log & Lin 34p | 220n.270n 15p BC188 6/7 25 | BF245 30 100m 75p
98p; 10V: 15,22, 26p; 33,47 50p; 100 5K M Single Gang D/P Switch 80p | 330n.330n 20p 0 o llvroes e s = —
i 8V: . 47005600 28 CA3023 2 1 5 161
80p; 6V: 100 55p. 5K 2m Doublfaéng 90p 4200 :m: Chaoran ol MEShiL 30| TeAssoa 3s0 | 7430 28 ;::gg :% 22222 agg ooy ol
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 1uF 34p 2u2 50p gﬁgggg 255 MoIsIat 220 ;gi‘zgg ;:2 7432 25174190 70|S287 225 '[2133 b
100V: 1nF, 2,4, 4'nF. 10 6p; 156nF, 22n: 0 25W log and linear values 60mm ACCESS GA3043 275| mMBa7i2 220 | TCAZ70Q 380 | 7437 30 ;:lg; ;: gggg ;;g L5165 80
30n, 40n, 47n 7p; 56n, 100, 200n 9p; 5K 500K single gang 70p Orders CA3045  385| MB3756 440 | TCA2B0A 220 | 7438 30 { 74193 60 | S307 3so | L5166 75
50V: 470nF 12p. Graduated Bezels for above 45p | Jjustphone yo:r CA3046 70| MC1204 2850 | TCAS40 175 | 7440 25 | 74104 @80 )S385 250 | LS188 140
orders thraug CA3048  220| MC1301 78] TCAG85 145 | 7441 85 15160 100
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS We do the rest Chaoso  2a8| MC1303 98 | TDAI00s 280 | 7442 40 | 1atee 59| 373 309 | Lsi7o s
Range: 0.5pF to 10nF 4p. 160F, 22nF | 0 1W Miniature Vertical or Tel: 0923 50234 CA3075 213 | MC1304P 280 | TDAT100B 310 | 7443 70 | 74197 o |s412 380 | LSI78 75
33nF; 47nF Sp. 100nF/300V 7p. Horizontal, 100R to 4M7 8p CA3080E 70| MC1310P 150 | TDA1010 188 | 7444 85 | 74198 100 | S470 a2s | LS174 00
200nF/6V 8p. 0.25W Larger 100R to aM3 Horz 12p CA3081 180 MC1445 250 | TDA1022 499 | 7445 75 | 74189 100 | 5471 820 | LS175 40
0.26WLarger200Rto4M7 Vertical  12p CA3086 48| MC145106 805 [ TDA1024 115 | 7446 55 [ 74527 8o [ sa72 1150 | LS181 100
POLYSTYRENE CAPACITORS: CAJ089E  200| MC1485 80 [ YDA10a4 as0 | 7447 55 [ 74246 100 | 5474 400 | LS183 100
10pF to 1nF 8p; 1.5nF to 12nF 10p. : CA3090AQ 375| MC1458 35 | YDA1490 380 | 7448 80 | 74247 100 | 5475 800 | LS190 55
. CA3123E 185] MC1489 300 | TDAZOD2Z 325 | 7450 25 | 74248 150 | 5571 a20 | LS191 00
SILVER MICA (Values in pF) 811810 250 |MC3487 225 [ CA3130 90| MC1494 @04 | TDA2003 250 | 7451 25 | 74249 120|573 @50 | LS!92 88
2.33,47,68,82,10,12.15,18 RAM 8123 125 |MC6845 825 | CA3140 40| MC1495 350 | TDAZ004 485 | 7453 25 | 74251 60 LS193 50
22,27, 33,39 47 50.56. 68, 76.82 FOR 8154 £9 |MCe846 625 | CA3160 95| MC1496L 70 | TDA2006 330 § 7454 25 {74259 15 LS194 45
St oaN 20N soMTeo%H | 1Epleach 102L 100 | 8155 360 | MK3886-2M £7 | CA2161 160| MC1586 225 | TDA2020 320 {7460 25 | 74263 75 LS195 50
, 100, 120, 150. 180p! p eac BBC [>114L-200n 95 | 8156 360 | MM5280D 696 | CA3162E  450| MC1648 290 | TDA2030 295 | 7470 35 | 74273 475 LS196 55
200, 220, 250, 270, 300, 330, 360, MICRO |2147 395 | 810595 120 | MM5303 638 | CA3189 200{ MC1709G 90 | TDBO791 420 | 7472 35 | 74276 135 Ls197 50
380, 470. 800. 800, 820 21p each 4816AP {2532 300 | 811596 120 [ MMS5307 1275 | HA1336W 175 MC3302 80 | TL170 50 [7473 35 (74578 130 | LSOO 18| LS221 7S
100, 1200, 1800, 2200 30p each 100ns |25L32 450 | 810897 120 | MM5387A 475 | HA1388 255 | MC33040P 120 | TL430C 90 | 7474 30 | 74379 45| LSOt 18| LS240 60
3300, 4700pF 80p | 26501 75 | 81LS98 120 | MM58174 700 | ICL7106 880 MC33060P 120 | TL507 110 7475 80 | 74383 70| LSO2 18} LS241 80
- 2s0p 2708 285 | 8202 g25 | MM74Ca22 420 | ICL7107  875| MC340y 65 | TLs09 110 | 7476 35 | 74284 200 | LSO3 18} iS242 68
MINIATURE TRIMMERS Capacltors 271865V 270 | 8205 225 | RO-3-2513L 850 vlcét;g?a 550 MC3404 75 | TLOBICP 40 ;zg? |£ 74285 210 Lgu4 18 tgg:g gg
2-6pF 2-10pF 22p; 2-25pF, 5-65pF 2732250 320 | 8212 110 | RO-3-2513U 850 1 99 | MC3405 150 | TLOB2CP 80 74290 @as | LS05 18
) g 2764-250 425 | 8214 425 | SFF9364 BOO | ICL7660 248 | MC3423 80 | TLOBACN 98 |7482 80 | 74793 g5 | LSO8 18| LS245 120
30p; 10-88pF 36p. 27128-400 €15 | 8216 100 | SP0256 850 |gLaoaacc 300 | MC3442 00 | TLO71CP 25 ;:gi :g 74297 9op | LSOO 18 tgg“; 6o
27128 250 €16 | 8224 110 | SPO256AL2 850 | ICLB211A 750 | MC3422 00 | TLOT2CP 45 74 LS10 20 48 80
RESISTORS  Carbon  Film Hi-Stab 5% 2813 200 | 8226 250 | TMS2716-3V 725 | ICM7205A 1150 | MC4016 00 | TLO74CN 100 | 7485 110 74.?42? s30 | LSt 18| (s249 60
3242 590 | 8228 220 | TMS4047  100| ICM7207 475 | MF10 350 | TLoB1CP 24 | 7486 35 |;azp5 go | LS12 20| L8251 40
RANGE val 199 100+ |4027 100 | 8243 270 | TMS4164 395 | ICM7215 1050 | MFC6040 75 | TLoB2CP 48 7489 175 | 74355 g0 | LS13 22| LS253 40
025W 2. 2-10M E24 3p 1p 4027 95 | 8250 850 | TMS4416-2 475! ICM7216AJ£22 | MK50398 635 | TLOB3CP 75 | 7490 30 | 74367 60 | LS4 36| LS257 40
0.5W 2-2-4M7 E12 3p 1p 4116-150n 100 | 8251A 250 | TMS4500 €14 | ICM7216C £22 | ML924 275 | TLOB4CN g0 | 7491 48 | 74358 @0 | LS15 20| LS258 40
1w 2,2-10M Et2 6p ap 4116-200n 90 | 8253 400 | TMS4532-3 350 ICM7217A 750 | NES15 275 | TLog1cP 68 |7492 30 l74390 go | LS20 18] LS259 70
' = 4118250 325 | 8255 226 | TMS5100 600 | ICM7224 785 | NE529 225 | UA2240 120 |7493 30 |743g3 400 | LS21 20| LS260 30
2% Metat Film E24 6 4p 4164.200n 425 | 5256AC  £36 | TMSBO11  500| ICM7240 300 [ NES3T 140 | UA7BSA0 230 |7494 80 [74390 410 | LS22 18| LS261 30
1% Metal Film E24  8p 6p 4334 00 | B257-5 400 | TM59827 €14 | ICM7555 85 | NE534 150 | UGN3020T 160 [7495 35 L524 00| LS286 70
100+ price applies to Resistors of each type not |4334-3 = CMOS | 8253 395 | TMS9928 €20 ICM7556 150 { NE5S43K 225 | ULN2001 80 | 7496 50 LS26 221 L8273 150
mixed. 325 | az271 £3s | TMSe926 €20 LA3550 250 | NE544 210 | UuN2003 75 17497 120 74C Ls27 18| LS275 165
475 | 8272 £17 | TMS9980 €20| LA4031P 340 | NE555 18 | ULN2¢04 75 (74100 90 1528 20} L3279 40
RESISTORS NETWORK S.1.L. 220 | B279 410 | T™Msgsas  £12] LAd0a2 205 | NES56 46 | ULN2283 100 {74104 S0 [T O Tl LS30 18| LS280 150
7 Commoned- (8 pins) 100 , 680 . 1K 2k2. 4K7, |4532-4. 350 | 8282 450 | ULN2003 75| LA4400 350 | NE558 140 [ UPC575 275 (74105 SO | <ol o0 | LS32 18] L5283 40
10K 47K 100K 25p 4816-100ns 250 | 8283 450 | UPD7002  425| LA4422 320 | NE560 325 | UPC1025H 375 [74107 35 74373240 | 1533 20| Ls290 40
8C 3 ping) 150 180 270 .330 1K, 5101-450 220 | g2a4 350 | WD1691 £14| LC7130 340 | NES61 398 { UPC1182 320 |74109 40 7aGar4 248 L$37 20| LS292 900
ommoned: (9 pins) : , . : 5514 250 | gT25A 9y | WD1943 £7|LC7120 300 | NES62B 410 | UPC1156H 270 [74110 35 |7 Ls3s 20| LS293 40
2K2, 4K7.6KB, 10K, 22K, 47K & 100K  26p. 6116-150nS 340 | gT27 1s0 | woisa3 700 LC7137 395 | NESe4 420 | UPCiaes 195 |74111 60 [74C822420 | 540 20| Ls205 70
525 | aT28A 120 | zaoADMA Bg5| (F347 150 | NEsesa 120 [ xRazos 300 |74112 170 |74C923800 | 45 37| iS298 70
DIODES BRIDGE 75 SERIES 490 | gTa1 350 | ZBOCPU 2.5 285 | LF351 48 { NESE6 155 | XA2207 375 74116 60 LS47 50| LS299 11§
RECTIFIERS - 795 | BT95 90 | 2B0ACPU4M 300 | LF353 85 | NES67V 140 | XRz211 675 [74118 75 Ls48  50{ LSa20 160
75107/8 350 | gra7N Q@0 | 280 CTC 250 | LF355 85 | NE570 410 | XR2216 6715 (74119 B5 Ls49 50 | L8322 200
s 20! | “iis0v 75110 20 325 | g3g4aAP 560 | ZBOACTC 280 | LF356 85 | NE571 400 | XR2266 360 7:‘20 80 Lss1 20| L8323 175
75114/5 150 450 | 9802 220 | Z80B 875(LF357 110 | NES532 145 | ZN414 g0 |74121 32 1S00 30 | iS54 20| LS324 150
AAY30 2 (AL g O R e a50 | AM26LS31C 125 | 280 DART 698 | LF398 475 | NE5534A 105 | ZN419E 180 [74122 40 1510 40 | LS55 20| LS325 150
R ) L A ekl 850 | AM26L532 100 | ZBOA DART 495[LM10 350 | OM33s 750 | 2N423E 130 {74123 50 |Si1 0 | LS63 55| LS326 000
BAX 20 | 1A/B00V 34 ;5‘52 125 16504 600 | AMSGLS32A 125 | ZBODMA  875| LM301A 30 | BC4136D €0 | ZN424E 130 |74125 35 [s02 30 | Ls73 22| LS327 000
g;‘gg 24 | 2am0v 30| 7000 (%5 |6504250 550 | AM26LS33A 125 | ZBOPIO 280 LM307 45 | RCA558 45 | ZNa25E 345 (74126 40 |s03 30 | LS74 22| L8347 85
J 12 | 2a/200v - 40 B 6505 650 | AM26LS33 150 | ZBOAPIO 278 LM308T 85 | S566B 225 | ZN426E 300 |74128 45 1S04 30 | Ls75  32] L5348 125
Briz7 14 | 2wa00v 4| 751820 98 6505 800 | Aviarois 309 | 2808101 850| (M3l 55 | SABaz0s 425 | Zna27E  soo [74132 40 |sos 6o | Ls7e 22| LS3s2 €0
CRD33 250 | 2A/800v 86 | 75188/8 56 1. 05004 400 | Av-5.1013 300 | ZBOASIO  £9LM318N 150 | SAB3210 325 | ZN428E 410 [74136 35 1508 60 [ LS78 40| L5353 80
0A9 40 | BA/100V 83 | 75322 140 | O2VIA 285 | Av-5.2376 800 LM319 195 | SAB3271 485 | ZN429E 210 [74741 60 |S520 40 | LS83 40| LS356 180
OA47 12 [ 6A/400v 96 | 75324 360 £11 | comeo7 275 LM324A 30 | SAB4209 585 | ZN459 325 {74142 175 1522 50 | LS85 55 LS363 000
0470 12 | 10A/200v 216 | 7538173 150 | giapon0r 570 | COMat1e 700 (M334z 90 | SG3402 295 | ZN1034E 200 |74143 190 |[s32 70 | Lsee 28| LS365 45
0a79 15 | 1oa600v 208 | 75365 180 |ohigrc” go | pmsiar 275 LM3352 128 |SL430 350 | ZN104OE €5 |74144 190 [s37 €0 | LS90 30| L5366 45
0A81 20 | 25M200v 240 | 75450 B8 |gsciacia @50 | DP3os 250 M339 a7 {sl62700D 150 | ZNA234E 850 |74145 60 |s74 75 | 1S9t 55| LS36T 40
g:gg |g ggfgefov 3:: e 70 |8 00 | Ds3Ba7 00 (M348 64 | SN76013 350 !735 585 29% | LS92 35| LS368 40
0A91 8 |vmisDiL so | 754812 €5 gggg”c ggg DS369IN. 320 | s55Cmos 851 LMAdS 118 SN75°23ND“° Loslee, gg Ts e tgg;g o
82330 g 7 6802 250 DSBBLSWONgss §SSC 8 pin Z,_f. LM377 175 | SN76131 125 :g gw 13 90 {LS96 75 ng],? ;g
ENER 6803 850 LM379 480 | SN76227N 95 114 80 | LS1o7 36 | L
0A202 8 ERS THY:I%:’ORS 2805 670 gggggg Hg ;;?a = ‘1'2 LMase 75 | sn78a77 420 85 [S124 300 | LS108 36| L5378 85
TINS)J4 | A ov7 6808 520 | psssai 126 | 747C 14 pn 85] LM3BIN 145 | SN76488 480 | 7400 18 74185 40 |S132 110 ! 5112 38| LS378 80
IN916 5 || Bacgadcus to 6809 630 | DS8a32 250 | 748C 8 pin 38| LM382 115 | Sees2o  as0 | 7401 18 |74156 40 |S133 80 | LS113 30 | LS384 475
1N4QD1/2 5 :"“W 5A/40V 32 lealo 115 | E9336 €38 | 7358 pn 185 LM384 160 | SPO256AL BSO | 7402 18 |74157 40 [S138 100 [ LS114 30| LS3B5 185
1NA003 6 ||8pjeac 5400V 40 |gp20 110 | Ea3s4 00 LM386 90 |ta7i20 160 | 7403 18 |74158 100 |S139 115 | LS122 55 | LS3BE 50
1N4AQD4/5 6 3;343"’- 3V3to 5A600V 48 | 821 100 | En3ss £38 LM387 120 | 7A7204 150 | 7404 20 |74160 50 [S140 60 | L5123 €0 | LS390 80
INdgog/7 7 33 3w , | 8A300v 60 |ggiz2q 220 | Eg366 £38 LM389 96 | TA7205 80 | 7405 20 |74161 50 |S151 180 | LS124 1850 | LS393 60
1N4148 4 ] each | gag00v 90 | a0 75 | FD1Ge1 €15 LM393 a5 | Ta7222 150 | 7406 s0 |74162 50 |Si53 182 |LS125 32 L5395 85
IN5401 15 124100V 78 |gg43 €12 | Fo1771 €15 LM394 200 |TA7310 125 | 7407 s0 |74163 55 |S157 225 [LSy26 32 [ LS398 80
1nsa04 16 JEERLLEISEREE 120400V 06 | gg4s 750 | FD1791  £22 LM558 140 | TAAG21AX1 206 | 7408 20 |74164 55 |Si158 210 |1S132 40} 399 80
INs408 17 12A800V 188 | ga47 650 | FD1795  £28 LM725CN 325 | TaA6B1A 180 | 7409 20 {74165 50 |S163 300 |LS133 26 | LS445 000
INS40B 18 | 4 o00v 54 | BT10E 150 |50 110 | HA11235 200 LM733 70 | TAA700 275 | 7410 20 |74166 55 |S174 250 | L5136 24 | 5447 50
lSas ® | Jasoov se | BT116 180 |ggs52 250 | HA17080 200 LM1458 35 |TAA900 385 | 7411 20 |74167 200 |Si175 320 |1.5138 38 | LS465 120
18320 2 | gatogv e | 506D 36 | 6854 569 | HA17083 200 LM1B71 325 [TABIO42 110 | 7412 20 |74170 150 [s188 a0 |iS1as 38 | LS430 80
BA/100V 40 | Lo o0y gg | TIC44 24 | 6gRsa 760 | HABD391 200 LM188as 325 |TADI0O 158 | 7413 35 74172 280 |S189 140 |LS145 80 | LS540 90
6a400v 50 | BAEBIE O3 | Ticas 29 | ps59 £4 | HD26501 75 LM2917 185 |7BA120S 70 |7414 45 (74173 €0 |S194 195 [1S147 110 | L5541 80
6A/B0QV. 80 ., \oov 78 | TIC47 38 | g8B54 780 | IM6402 380 LM3302 75 | TBAS540Q 275 | 7416 35 74174 100 [S197 400 |iS148 100 { LS640 000
128400v B2 | 2NS062 32 |ga75 500 | iINSBOBON 1050 LM3900 50 | TBASS0Q 330 | 7417 35 |74175 70 |s201 250 |LS151 45 | LS641 200
VARICAPS | 155500v 138 | 2NS064 38 |gaoo0 £68 | MC1488 55 LM3909N 85 | TBAB41BX 7420 20 |74176 50 [S225 240 |1S153 45 | LS645 000
1eATO0V 13 | 2N4444 130 | £a000 New MC1489 55 LM3g11 200 |orBX11 280 [ 7421 20 {74177 45 [S240 300 |LS154 150 { LSB6B 000
BA102 50 | 16A400vV 106 Mask €59 | MC14411 875 LM3514 200 |TBA651 190 | 7422 30 |74178 80 |5241 250 |LS155 35 | L5868 000
BBIOSE _ 40 | 18As00OvV 220 8035 800 | MC14412 725 LM3915 250 |TBABOO 80 7423 30 |74179 90 [S244 290 |LS156 35 | LS670 120
BE106 40 |2s5vsoov 220 DIAC 8080A 250 | MC3445 250 LM3916 250 | TBAB10 g5 | 7425 30 |r4180 50 [S251 170 |LS157 35 | LS673 950
BB109B 45 |25A800v 296 | 8085A 360 | MC3447P 315 LM13600 110 | TBAS20 B0 | 7426 45 |74181 140 [S257 170 |LS158 a0 | LS674 800
LMVAW 105 | 128000 120 | 812 25 8088 €18 | MCaass 225 | CA30za  210|LS7220 280 | TBA9200 200 (7427 30 74182 55 [S258 250 |LS160 45 | LS678 278
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SWITCHES DIP 8WITCHES . VEROBOARD O.1in VA Board 195 IDC CONNECTORS ANEL RELAYS j
TOGGLE: 2A 250V {SPST) 4 way 85p; 6 way 80p; 8.way 83p; 2% x 3% 98p DIP Board 305: I:ETERS
[SJPPEL 35p 10 way 128p (SPDT) 4 way 190p 24 x5 110p Vero Strip 95p PCB  Plugs Female Female FSD Miniature, enclosed. PCB mount
43p g: x g% :;:p PROTOBEG ;{nm I;!ch Hg'ader (E:grd B0 x 46 x 35mm SINGLE POLE C
x P 13 ing ing ug ge 0-50mA INGL LE Changeover
s‘:’s'r"'u ;:'oaa;s ROTARY SWITCHES 3% x17 420p Vesoblock  405p Strt  Angle Conct NSS‘,M RL-@1 205R Coil, 12V DC, {(10V5 to
on/of p (Adjustsble Stop type) A% x17 498p S-Dec 395p | 10 way 90p 99p 85p 120p 0-500mA 19.5V1, 10A at30VDCor 250VAC  195p)|
SPDT c/over  60p 1pole/2 to 12 way, 2 pole/2 to6 way, 3 pole/2 lc Pktot 100 pins  $5p Eurobreadboard 16 way 130p 150p 110p o 0-1mA
g:g; zcnu; gﬂ :5; 4 way; 4 pole/2 to 3 way Spot face cutter 180p X 520p 20 way 145p 166p 125p 198p 0-5mA DOUBLE POLE Changeover, 6A 30V
nased botl X Pin insertion tool Bimboard 1 575p 26 way 175p 200p 150p 240p 0-10mA DC or 250V AC
;;B'T'a 108p ROTARY: Mains DP 250V 4 Amp on/oH  68p 188p Superstrip 52 34 way 205p 238p 180p 320p 0-50mA RL-100 53R Coil, 6V DC{5V4 to 9v9) 190p;
DeDTaa 19p . ’ 1350p | 40way 220p 250p 180p 340p 0-100mA RL®-111 205R Coil, 12V DC (10V7 to
cenire otf 88p ROTARY: (Mak-a-swilch) 50 35p 27 3
DPOT b ¢ - VEIO WIRING PEN way  235p 270p 200p 395p 0-500mA 19V5) 195p]
iased both Make a multiway switch. Shafting assembly DALO ETCH & - —
+ spool op 0 way 230p 495p O.3A RLS-114 740R Coll, 24V DC (22V to
ways 148p has adjustable stop. Accommodates up to Spare spoot 78, RESIST PEN v 200,
DPDT 3 postiions 8 walers (max. € pole/12 way + DP switch) | 2Pe'e sP 8y | Plussparetip 100p B
on/on/on 188p Mechanism only 90p P
Jipokiziwey 2087 ULTRASONIC Gold Fi 'MEURO CeNNIEé:‘I:(Oﬂgl [
s emals Sockel Male Plug
SUIDE 250V: WAFERS: (make before break) 10fit the 8bove | £ o pac o oriior TRANSDUCER | Conechs S e B e | S s esch | IEEE 24 PHENOL PLUGS
DPDT 1A 14p switch mechanism. 1 pole/12 way; 2 pole/6 9 Aehy! 40KH: 350 Ping|  (Elna¥iglFis SFing] pleac 2
195p +50p pép B Pr | DIN41817 Centronics Parallel 36 Way solder 483
g:g; L;doﬁ :gp n" . %%h;:vgnﬁ::?h'/_:‘; Way.Sp/2Way ::p 31 way 170p — -~ 175p Centronics Parallel 36 Way IDC ABQ
p laing witch 1o fif P K
Spacers 4p. Screen 8p. COPPER CLAD BOAROS glN;;e;i L 75535052265 268 | Centronics 36 Way IDC Female 520p]
PUSHBUTTON 6A Fibre  Single- Doubte  SRBP. X ¢ 320p 220p 285p
with 10mm Button . S/Speed g'Ng;Ti c 295p 340p 240p 300,
SPDT latching 110p | ROCKER. 5A/250v SPST 28p glass  sided sided 9.5°x85" x P.240p240p,300P CRYSTALS
DPOT tatching 1 ROCKER 10A/250V SPDT 6"x6  100p 125 1 DINSTB 12332 ASTEC UHF MODULATORS
ng 160p 290, 4 3 o A+B+C 360p 388p 280p 395p | 32768KHz 100
SPOT moment 110p |  ROCKER: 10A/250V DPDT c/oft 95p 6"x12" 175p  225p P 3B8p280p 300p | ToKMz 238 | Standard 6MHz 325p]
OPDT moment 160p ROCKER: 10A/250V DPST with neon  85p 200KHz 285 Wideband 8MHz 450p
~ 455KH aro
Mini Non Locking EDGE 1MH. 2715
Push to Make  15p THUMBWHEEL Mini front mounting DIL PLUG (Header) 2
Push to Break 28p | Decade Switch Module 250p iDIELSACKETS CONNECTORS o | 14 g S0der I0C'| pipBoN caBLE | 1O08M 273 BUZZERS
BCD Switch Module 278p Prot Wrap 2xt6way — 140p b g:: 48: wsﬂp price per foot 16MHz  3gs | miniature.solid-state6V.9v& 12v Topd
Mounting Chesks (per pai) 75p 8pin  Bp 28p 2x18 way 180p145p | 24 pin 88p 178p Grey Color | 1'gNw; ags | FIEZO TRANSDUCERS PB2720  55p
14 pin  10p 38p 222 way 180p200p | 28 pin 290 395p :° way 16p 28p 1.8432M 200
. JUMPER LEAOS (Ribbon Cable Assembly) | 16 pin  10p 42p | 2:23way 173p — 40 pin 250p 255p | ;0 %Y 25P 40P | 2oMHz 225 .
18pin  18p 52p | 2x25way 228p 220p ay 30p S50p 24576M 200 LOUDSPEAKERS
PROJECTS Length fapn 18pn 24pin 40pin | 20pin  20p €0p | 2x2Bway 190p — 24way 40p 85p [ 3p7gm 180 | Minature DaW- 8 )
We stock Single ended DIP {Header Plug) Jumper 22pin  22p 68p 2x30 way 248p — ZIF DIL 20 way :gp ’59 35794M 98 g{"g 3vin, 2%in. 3in 80p
most of 24 inches 148p 185p 240p 380p | 24pin 23 70p 2436 way 208p — SOCKETS olea 1 oop o 36864M 300 %in 40 . 64 or 80 80p|
the parts Doubla endod DIP (Hudev Plug) Jumper 28 pin  28p 80p 2x40 way 315p -~ 84 ay 120“ 4 P 4.0MHz 150
& inches 85p 205p 300 p | 40pin  30p 9Op 2x40way 318p — 24 pin se5p [O4 way 120p 160p | 403o0MHz 200 .
—_— 12 inches map 2159 315p  480p 2x75 way 880p — 28 pin 788p :BgM;:’IM :gg
24 inches 210p 235p 345p 540p 40 pin 799p 194, - -
36 inches 290p 370p 480p 525p 4.433619M 100 MONITORS
ANTEX Soldering IRONS sa%lkﬁ g (‘JgﬁsrxH %
C-15W 510pSpare Bils  B5p Boats . z = "
IDC Female Header Socket Jumper Leads 36“ | CS17wS10pElements 230p 917 pitet: 524288M 390 @IZENITH dejGreen, i
0 pin 26 pin 34 pin 40 pin | C18Ww 528piron Stand 178p QO“ny 2'02'”3” :;g Resulution Popular £75
Single ended 180p 200p 280p 300p | xS25W 530pHeat Shunt 30p =1 K 144MHz "
Double ended 290p 370p 480p 525p D' CONNECTORS 6.5536MHz 225 | ® MICROVITEC 1431, 14
miniature 5 7.0MHz 150 Colour RGB input. Connecting
‘ 9 15 5 a7 7.168MHz 250 i
VOLTAGE REGULATORS SOLDEACON PINS way wey way way | 77328MHz 280 ceble Tncl £213
TRANSFORMERS 1A TO220 Plastic Casing Ideal for makl'r(\g SiL Male 7.68MHz ® KAGA 12" Med-res. RGB
3-0-3V; 8-0-6V; 9-0-9V: 12-0-12V; 15-0-15V @ +ve —ve or DIL Sockets Solder lugs ~ 80p 105p 180p 250p | goMHx 150 Colour Has flicker-free charac~
100mA 98p 5V 7805 40p 7905 45p 100 pins 75p Angle pins 150p 210p 250p 355p 8.089333M 385 ters Ideal for BBC. Apple, VIC
pcb mounting Miniature, Split Bobbin 12v. 7812 40p 7908 60p 500 pins 350p PCB pins 120p 130p 195p 298p | ga6723M 175 i i
3VA: 2xBV-0.25A 2x9V-0.15A; 2x12V-0.12A; 15V 7815 40p 7912  48p Femaie 900MHz 200 etc £219 (car £7)
2x15V-0.1A 200p 18V 7818 40p 7915 45p Soider lugs  105p 180p 200p 338p | 190MHz 175 ® KAGA 12", As above but
OVA:  2xBV-0.5A 2x8V-0.3A;  2x12V- o 25A; 24V 7824 aQ0p 7918 :45p Angle pins 185p 215p 200p 440p 10.24MHz 200 .
2x15V-02A 270p 7924 4sp ALUM BOXES PCE pins 150p 180p 240p 420p | 107MHz 1850 HrResolutron  £258 (car £7§
Standard Split Bobbin type: 100mA TOG2 Plastic package 3x2x1” 85p 12.0MHz 178 i AGA
OVA:  2xBV-05A; 2x9V-0.4A;  2x12V-0.3A; sV 78LO5 30p 79LO5 30p. 4x24x2"  100p COVERS  80p 75p 75p 90p 12528M 300 ® Connecting Lead for KAG es
2x15V-0.25A 250p 6V 78LO8  30p - — 4x2%x2%" 103p IDC 25 way 'D’ Plug 3059, Socket 450p 14.31814M 170
12VA: 254.5V-1.3A; 2x5V-1A; 2x9V-0.6A; 2x12V- 8v 78LO8 30p  — — 4xax2'  108p 160MHz 200
O.5A; 2x15V-0.4A; 2x20V-0.3A  348p (35p pap) 12V 78L12  30p 79L12 S0p 4xax2w  120p 180MHz 180
24VA: 2x8V-1.5A; 2x9V-1.2A; 2x12V-1A; 2x15V- 15V 78L1S 50p 79L1S 60p 5x4x1%  99p 25 way ‘D' CONNECTOR (R§232) 18432M 150 |
0.8A; 2x20V-0.8A 388p (60p pAp} S5x4x2%  120p Jumper Lesd Cable Assembly 19868MHz 150
BOVA: 2x6V-4A; 2x9V-2 5A; 2x12V-2A 2x15V-15A, |  ICL7860 248p  TAAS50 80p | S5x2%xiw  90p 18" long, Singie end. Maie 475p | 200MH: 200 BROTHER 8300
2x20V-1.2A; 2x25V- 1 A: 2x30V-0.8A B20p(80p p3p) RC4194 a7sp  TDA1412 180p | Sx2%x2u" 130p 18" long, Single end, Female 510p | 240MHz 170
Speclally wound for Multirail compulsr PSUs RC4195 160p  78HO5+5V/5VS50p | 6x4x 120p 36" long, Double Ended, M/M 995p | 24.930MHz 328 DAISY WHEEL
SOVA: Outputs +5V/S5A +12V, +25V, -5V, LM309K 138p  78H12+12V/5A 6xd4x3" 150p 36" long, Double Ended, F/F €10 | 26 69M 150 PRINTER/TYPEWRITER
“12V el 1A 620p (80p par) 640p | 7x5x3"  180p 36" long, Double Ended, M/F 995p | 27648M 170 ] )
100VA: 2x12V-4A; 2x15V-3A; 2x20V-25A; LM317K 250p  78HG + 5V o 2 25v 8x6x3"  210p 27145M 180 | This word famous printer
2x25V-2A; 2x30V-1.5A; 2x50V-1A  @65p (75p) LM317KP 450p 10x4x3" 240p 38.86667M 175 connects directly to BBC Micro:
LM323K 4s0p 79HG+2 25v 1024V 10x7x3"  278p ® SPECIAL OFFER @ 480MHz 170 | Available from stock at:
P&P charge to be added over and above our nor- LM337 175p 885p 12x5x3" 280p 100.0MHz 295
mat postal charge LM723 var 30p 12x8x3”  295p 2764-250 ns 399p | 1160MHz 300 ONLY £3989 (car £7)
- > A
CMOS w2 20 ) 4538 278 COMPUTER CORNER SPECTRUM 32K UPGRADE
50 ol Feore ol x o7 gPérgN Upgrade your 16K Spectrum to full 48K with our
4001 14 4079 88 | 4541 140 ECT ICs ® EPSON RX80 PRINTER: 100 CP8, 9 x8 matrix, dot addressable RAM Upgrade Kit. Very simple to fit. Fitting|
oo i olda2 28l | iecvwircis graphics, condensed & double width printing, Normal, ltalics & Eite Char, |  instructions supplied.
4007 18 { 4081 20 | 4548 40| TL209 10 Tractor Feed, Bidirectional, Logic seeking... .. ... . .......... £349 £19.50
4008 32 | 4082 20 | 4549 375| TIL211 GRN 14 ® AX80 F/T Epson Printer. As above but has both Tractor and Friction
4009 24 ﬁg :g 4553 245 ;:tg;g ;eln " :; feed facilities £279
4010 24 4554 180 e "
4011 1s | 4089 128 | 4555 as| 2" Green, Yellow or ® EPSON FX80 PRINTER 10" Tractor & Friction Feed, 180 CPS, br
4012 18 | 4003 20 | 4ss6 35| Amber directional Logic seeking, 9 x 11 matrix, hi-res bit image, Normal, Italic &
4013 20 | 4084 70 | 4557 320} 02" Bicolour Elite Char. Super & Subscript. Proportional spacing. . . £249
4014 48 | 4085 98 | 4558 120} Red/Grean s ®  SEIKOSHA GP100A. 10" Tractor Feed, 80 Colmn. 30CPS, Normal and
3:: . 3 :ggg z;g :ggg 333 g;y%":;:ng 78 Double width Char. Dot Res Graphics .. . ..E158
. ul
4017 32 | a0p8 78 | as81 104 | Re/Green/Yeliow 8BS ® SEIKOSHA GP250X, 10, 50 CPS, Normal and Dcuble width and height
4018 48 | 4099 110 | 4562 485 | HkBrightnessRed 58 Char. R§232 and Cenlron-x Intrf. standard. ... ......... £199 (£7 csr)
4019 25 | 4160 98 | 4568 185 | High-Bn Green or ® Printer Cable for our printers and BEC MICRO. . €12
ﬁ‘,’ il ey 92 |jases 2 ‘F’;'mn & e8 ® TEX EPROM ERASER Erases up 10 32 ICs in 15-30 minutes.. . £33
o ool s ol e B I 55 ® TEX EPROM ERASER with a safety switch £35 SPECTRUM FOURTH — 1/0 Unit
4023 15| 4174 98 | 4580 480 gqunre LE"Da Red, ® SPARE'UV Lamp bulb.. .. €8
4024 32| 4175 108 | asg1 28 | Green, Yellow ® 12 COMPUTER GRADE CASSETTES in library cases 40p ig— i i
4025 16 | 4194 108 | 4582 99 | Rectangle Stackable ® 8% & 9%" Fan Fold paper (1000 sheets) £7 + 150p carr 12k0ff“g FORTH in ROM, Full RS232 and 24 Bits
4028 00 | 4408 790 | 4583 80 | LEDs e of 1/0 for Centronics and Control use. Can be used
4027 22 | 4400 790 | 4584 40  Red Greenor Yellow 18 from BASIC or FORTH. Will work on 16 K or 48 K|
4028 48 | 4410 728 | 4585 70 | Triangular LEDs Spectrum. M other feat
4029 47 | 4411 878 | 4597 330 | Red 18 Call in at our shop for demonstration. Be satisfied before you buy or write pec - Many er features.
4030 20 | 4412 775 | 4599 29 | Green oryellow 22 in for our descriptive Micro Peripherals Leatiet. ONLY £59
4031 128 | 4415 480 | 40085 90 | LD271 Infra Red 48 (Send SAE for full details)
4032 80 | 4419 280 | 40097 45 | SFH205 Detactor 118
4033 128 | 4422 770 | 40088 42 | TIL32 Intra Red 52
4034 140 | 443s 850 | 40100 215 | TIL7B Detector 5§
4035 48 | 4440 900 | 40101 130 | TiL3a 50
4036 278 | 4450 380 [40102 140 | TIL100
4037 118 | 4451 350 | 40103 175 BARGH::H Red 1%0
4038 110 | 4490 380 |40104 96 | segmen
4039 200 [ 4500 678 |40105 108 FLOPPY DISC DRIVES TEAC
4040 40 | 4501 28 | 40106 36 ISOLATORS
4041 40 | 4502 60 | 40107 60 | IL74 a5 (BBC Compatible)
4020 40 | 4503 40 | 40108 198 | LD74 15 BBC & MICROCOMPUTER &
4043 40 | 4504, 78 | 40109 100 | ILQ74 220 ACCESSORIES
4044 40 | 4505 188 140110 228 Rag‘gﬂ ; 1;5 ®  FD50A — Uncased Single, 40 track, 5%, S/S, 100K . ...... .£180 S
R P 3 |dot1e 2401 LGS e " ® CS50A — Single Cased with PSU, 40 track, 5%" S/S 100K.... . £350
194 h ; .
4047 40 | 4508 130 | 40183 50 Dnrlmg(on 138 @  CD50A — Twin Cased with PSU, 40 Track. 5% $/S 200K. ... £250 Model A ....... .£299 Model B £399 (incl VAT)
4048 40 | 4510 46 | 40174 45— STy ® CSSOE — Single Cased with PSU, B0 Track, 5% S/S 200K . ... £475
m g :g:; :: :g:g? zﬁ ma"'zma.nc *p o8] ® COS0E — Twin Cased with PSU, 80 track. 5% 5/S 400K .. £475 We stock the full range of BBC Micro peripherals,
4051 45 | 4513 108 | 40182 80 ptaéa g gg u;g L4 :MTEU?SIVSNISIDIS(E DRIg:é: :gg:u;hgguilc, kD.r;‘my' D;“:;T Hardware & Software like, Disc Drives (Top
4052 80 | 4514 118 | 40182 75 TL321 . 1 racl " Slim line. . Tracl ensity 96’ i f i in.
4053 80 | 4515 115 {40193 98 | L322 5°CC 120 Track to track access time 3 msec 3 only £2285 quality (;umana & Mitsubishi, Diskettes, Prin
4054 85 | 4516 55 lao19s 70 | DL704.3"CC 125 ® MITSUBISHI Single Slimiine, 5%" Cased wih PSu DSDD. 1 | [efS printer. Paper Interface Cable, Dust
pri 85 |18 4o |403e4  req | PNDISTRes 120 Megabyte. (400 K with BBC) ... . e205 | Covers, Cassette Recorder & Cassettes, Mon-
4, N )
4057 1918 | 4519 30 | 40245 196 | FND500 130 ®  MITSUBISHI Twin snmun., 5% Cased with ‘PSu DSDD 2 itors, Connectors (Ready made Cables, Plugs &
4059 435 | 4520 80 |40257 196 g" green g: ; io Megabyte, (80D K with BBC) . £535 Sockets), Plotter (Graphic Tablety EPROM Pro-
4s | 4521 90 |40373 180 | 6" Green S ® 10 Verbatim or 3M Diskettes 5%" SSSD. (5 arrant £20 i i i i
b 1198 | 2552 728 - |fso3ta 189 3"+ RedCA 150 o LoV S sv‘ S (swsw reanty) . grammer, Lightpen Kit, Joysticks, Sideways
4062 o8 | 4526 80 |45108 586 | 3" % GreenCA 1850 L ske " D.SD.D. (5 yrs warranty) .. .. £35 ROM Board, EPROM Eraser, Machinecode
4063 88 | 4527 o5 LCD 3% Digits 496 ® 10 Verbatim or 3M Diskettes 8" S S.D.D. (5 yrs warranty). . £28 ROM. The hight histicated Watford's 16K
4086 27 | 4528 50 |OCP71 120 | LCD 4 Digits 530 ® 10 Wabash Diskettes 5" S/S (2 ty) £15 3 SlgiaTtl] SopHisticale e
igi abas| skettes 5 yrs waranty) ....... 5
4087 245 | 4529 150 | ORP12 88 | LCD & Digits 625 ® 10 Wabash Diskettesiskettes 5%« S/S (2 yrs warrant: ) £25 BEEB DFS, WORDWISE, BEEB-CALC, Software
4088 20 aggo 90 | ORPE1 86 gtgﬁ_rmév; gw"rch'wo v v . (Educational Application & Games), BOOKs, etc;]
4089 20 | 4531 130 |ePx2s 250 ptica ion:
4070 RO | 4532 50 |BPW21 320 | Switch similar 10 RS etc, Please send SAE for our description
4071 22 [ 4534 400 |TIL139 zzgl(:omn.'s 186 N.B. P&P on above items is extra. leaflet,
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RESISTORS

CARBON FILM
5%
HISTAB 102 TO

oM

2wWE24 12p

METALFILME24
ULTRA HI
STABULTRA
LOW NOISE
0 4w R TO
™

2% E24 Sp
1% E24 6p

LOW OHMIC
GLAZEE12
0220128.2011p

WIRE-WOUND
E12

2103w 0,220
103308 28p

410 IWC.470
106K8 3

1010 11W 182
133K 37

POTS &
PRESETS

LOW NOISE E3
ROTARY POTS
WITH %
SPINDLES
4K770 2M
LIN 38p
LOG 38p
As above with
DP Mains Switch

As above stereo
o switchy 90p

DUSTPROOF

PRESEYS €3

1000 TO 10M
MiniVert  15p
MiniHonz  15p
Standard Vert

18p
Standard Honz
18p

Thumbwhee! or
'+ Spindle for
Standard Types
ansy 8p

% CERMET 20
TURN PRESETS

20K 50K, 100K
200K 500K
each B3p

THERMISTORS
& VDRs
PLEASE PHONE
CAPS
CERAMIC

DISC/PLATE
MICRQ —-MINI

100V
TYPICALLY 5%
E

pFto 100F  7p
SIEMENS 63V
MONOLYTHIC
MINI CERAMIC
10nF, 22nF  10p
330F, 47nF  10p
68nF 14p
100nF 14p

BARRIER LAYER
CERAMIC DISC
ZZOnF ZEIV 15p

POLVSTVRENE

4 OR BETTER
‘IOpF, 15pF,
220F, 270F,
33pF. 390F.
ATpF. 68pF,
100pF, 150pF,
1800F, 2200F.
270pF. 330pF,
390pF op
470pF, 680pF,
|nF ‘ SnF 12p

. 3.30F 13p
4 7nF 14p
TonF 150

SlLVERED Mica
S PLEAS! PHONE

POLYESTER
2
TYPE (RADIAL}

10nF, 15nF,
220F, 330,
47nF. 6BnF,
100nF 7
180nF. 2000F,
10p
3300, 4700F

SIEMENS
5% 250V 7.5MM
1nf, 1n5, 2n2,
3n3.4n2.6n87p
8n2, 10n, 12n,
16n. 18n, 22n,
27n, 330, 39n,

47n P
560, B6n, 820,
100n, 1500 10p

SIEMENS

5% 100V 7 SMM
100n, 120n,
150n 1p

680n
14F 110mm) 36p

400V
POLYESTER
1n. 1n6, 2n2,
3n3 4n7m 6n8
|5n 22n,
A7n. @8n,
100n

150n, 220n 18p
330n 39
470n 50p

630VDC

250VAC
IDEAL ASMAINS
SUPPRESSORS
10nF 28p
15nF, 220F  36p
47nF 39
100nF 43p
150nF a9
220nF 55p

1000VOC

10nF 31
22nF, 33nF 37p
4TnF 4
100nF as5p

220nF 79p
470nF 125

HIVOLT
CERMIC
100pf 1KV 25p
100pF 2KV 30p
100pF 3KV 33p
100pF 4KV 37p
220pF 6KV 45p
470pF 2KV 39p
470pF 6KV 48p
InF 2KV 29p

FEEDYHRO CAP
nF 500V 7p
TRIMMERS MIN|
FILM{MULLARD)
UP TO 100vOC
1p4 10 5pF
(80OMM2Y  23p
2pF 10 Y0pF
1600MNz)  27p
2pF 10 22pF
(400MHz)  29p
5p5 to 65pF
(200MHa) 36p
ELEC’TROLVTICS
Axisl by Siamans
or Matsushita
{Na1. Panssonic)
v

4700 16 95p

CA|
ELECTROLYTICS
47004F 40V2.50
4700uF 63V3 60
10.000.F BOV

495

TANTALIUM
BEA

0135V 14p
2238V 14p
3335 14p
L4735V 14p

6.8/125 20p
6.835v  21p
1016V 18p
10:35v  27p
5/16V 22p

32p
MANY MORE
CAPACITORS
IN STOCK.
PLS PHONE

TRANS
FORMERS
190ma
60 95p
909 1.20
1
1

O\ZV 137
015V 145

06 :06Y 295
012 + 012V
015+ 015V
95
020+ 020V
295
30VA
616490V
itotal 30V 1A}
495
SOVA
012 ¢ 012V
5.55
100VA
012+ 012V
9
Please add
adequate P&P

as transtormers
are heavy!

WIRE & CABLE
PRICES PER
METRE

Solid Hook-up
AnyCalour  6p
MAINS/

Twin 2'; Amp

16p
3Core 2'» Amp

it
3Core 6Amp

31p
3Core 13Amp
5

SCREENED
Single
Sterea 27

M Sngle  12p
MiniStereo  15p
4 Core 4 Screens

aap
4 Core. Single
Screen 4
BCore 61p
12 Core 80p
Heavy Duty
Mike:Guitar

Lead 25p

AERIAL
500 RGSBA 25p
ISOUHF 29p
7hAVHE 28
3000Fiat  14p

RAINBOW
RIBBON
Prices per foot

2

30 way 75p
32 way 82p
40 way 88p

64 way 163

PCB
MAT
GRADE ONE
GLASS PCB

SINGLE-SIDED
178 x 240mm

185
420 = 195mm
420 - 245mm

375

FERRIC
CHLORIDE
PELLETS

Quick dissalving
Enough to make
over 1hwe  1.69

DALO ETCH
RESIST PEN
nc Spare
Nib) 120

ETCH RESIST
TRANSFERS
1, Thin lines
2. Thick hnes
3. Thin bends
4. Thick bends
5. DIL pads
6 Transistor
pads
Dats + hales
‘0.1" edge
connectors
9. Mixture
Any sheet ot
above  35p

e

o
SENSITIVE PCB
15t Class Epoxy
Glass. For better
results than
spraying. Expose
1o UV,

Singts sided
00

100 x 200 2.80
203 x 114 290
233 ~ 220 590
Developer tor
above {do not
use Sodum
Hydroxide)

500 mi 295

VERO

0.1 COPPER

o

2.5 %37 aap
25x5

375 x 3.75 ssp

375 x5 14

25x17 299
3.75x 17 3.85
4,79 x 17 493
VO Board * 192
DipBoard 380
Track Cutter 1.48
Pmn insertor 1.79
100Pins 55p
Verobloc  3.99

Varo Wiring
Pen + Spoot 3 99
Spare Spool 75p

Combs 6p
OIL SPST
4 way 67p
6way 82p
8 way 90p
Oway 140
TOGGLE (MINI}
SPST a9p
SPDT 590

oPDT 69p
DPDY C.OFF 90;!
4PDT

All types al
brased roggles n

Please phone

PUSHBUTTON
Non-Latching
Push to Make

25p
Push to Break
33p

KEV SWITCH
Mains 4 amps
DPST  withdraw
Key i both
postions {inc. 2
keys! 395

FOOTSWITCH

with metal
buttons
SPDT 180
DPDT 275
ROTARY
Main DP 4 amps
with % “spindle

Lorhn Adjustable
Stop Type
1 1 to 12 way
59p
2p 2 to & way
59p
3p 3 10 4 way
59p
4p 4 to 3 way
59p
Many other

switchesin stock
Please Phone

CONN-
ECTORS

PLUGS &
SOCKETS

[18 SOCKETS

Pins pmv WWp.
8 8p 2

ZERO INSERTION
FORCE DIL
SOCKETS

24 pin 42

28 pin 499

40pin 5.25

UNF PL269
TYPES
Low loss,
supenior quality
500

Lineplus  45p
Reducer 18p
Aound skt 40p
Sar skt 40p

BNC 50¢
ug 11
Socket 1.00
Line skt 115
COAX (TV)
All Metal

25,
Socket 25p
LineSki  40p
CANNON TYPE
AUDIO PLUGS
13PIN XLR}
.70

(Cnassis}
Male 1.50
Female 235

JACK PLUGS
Huge Discount
for quantity
Please phons
%" Manc  20p
%~ Stereo  30p
Yo Metat

JACK SOCKETS
Chassis
%" Mono  20p
%" Stereo  25p
2% mm Mono

5p
3% mm Mono
5p
Line
%" Mono  20p

%" Metal  40p
%™ Stereo_ 30p

% Stereo
Metal 50p
3% mm Mono
15p

3% mm Mono
Line 20p

O CONNECTORS
Solder Type
Male

9 way 99p
15 way 175
25 way 208
ATway 330

Angled PCB
25w Male  2.45
25w Female 2.90
Covers 99p

URC

CONNECTORS

ale

Angled  2.95
Female

31 way 1.7

Baw. A +

Angled  3.35

10C

CONNECTORS

PCB Male + Latch
Straight

10 way EQp
16 way 129
20 way 145
26 way 175
34 way 1.99
40 way 225
50 war 2.45
©CB Male + Latch

Angled

10 way 95p
16 way 147
20 way 180
26 way 1.99
34 way 2 40
40 way 265
50 way 27s

Female Header
10 way 84p
16 way 1.07
20 way 1.25
26 way 1.49
34 way 1.76
40 way 196
50 way 199

DIN PLUGS
2pm 9p
3pin 11p
5pin 180°  12p
5pin240° 16p
5 pin Domino

50p
6pin 18p
Tomn 30p
DIN CHASSIS
SOCKETS
2pin 9p
3pin 10p

5pin 180°  10p
5pin240° 16p
6pin 20p
7 pin 25p

DIN LINE
SOCKETS
2pn 10p

3pinuse 5p
180°

Spin 15p
PHONO PLUGS
Metal 20p

Plastic’ Red.

Yellow, Green,
Black 1sp

PHONO CHAS
SOCKETS

BATTERY
CONNECTORS

PP3Snaps  10p.

PP9Snaps  12p

Box for 4HP7
27p

Box for 6HP7

3p
Box for 4HP 1
33

TRANSISTOR
SOCKETS
TO18 (BC109)

28
TOS5 (BFY 501
p
TO3(2N3055)
0p

‘KEYNECTOR’
Bare Wire Mains
Satety Block

1EC MAINS
6 AMP 3PIN
Plug Halest 58p
Chassis Skt
{Pins) Sp
Line S5ki. Pins.
60p

Chassis Plug
(Holes)} 50p
13 AMP
DOMESTIC
Plug+Fuse 50p
Adaptar 2 way

Trailing skt.

way 13a
Dustributor 695

BOXES
CASES
ALUMINIUM
CASES
Coversd with
Black Rexine
{Scratchproof)
R1Bx4%x1%"

2.35
R28x5x2"
275

R38x6x2% "
315

R4 11x6x3"
RS 11x7%x3%"
RE13xBx4% "
R715x8x4"
7.7

VEROBOXES
Black Plastic
V13x2x1” §5p

V2120x80x

35mm 90p
V3180x110x 55
180

SLOPING FRONT
VEROCASES
V5220x174 x
100mm  10.40
VEI171x121x
75mm 5 66
REMOTE
CONTROL
{Handheid) BOX
94x61x22.5mm
White 89p

SIFA
PROFESSIONAL
COLLET KNOBS
Al tit % “spindles
Black {suffix B}
Grey Isutfic G}

15mm Short
51508 plain 56p
$150G plain 58p
S1518 +lina 84p
$151G +hne 64p

15mm Stendard
K1508 plain 57p
K1506 plain 57p
k1518 +line 66p
K151G +line 66p

15mm Winged
W1508 74p
W150G 74p

21mm Short
$2108 plain 69p
$210G plain 69p
52118 +line 75p
521iG+line 75p

21mm Stendard
K 2108 plan 69p
K 210G plain 69p
K211B+lne 78p
K211G +lne 78p

21mm Winged
W2108 86p
W210G 86p

29mm Standard
K290B 88p
K 290G 88p

CAPS: Blk, Red,
Yel. Grn, Grey,
Biue

{Please state
calour)
15mmplain  5p
15mm +dot  8p
15mm +line  8p
2immplain  5p
21mm + ot 8p
2imm + line
29mm (Red. Blk
Greyonly}  8p

Nut Covers
15mm
Colours as
above 8p

POINTERS
15mm
or 2imm
Colours as
above 8p

DIALS 15mm
Red +Point  26p
BIk + Point 8p
Grey +Point 26p

Clear 1 10 10 26p

Clear Taper 28p

DIALS 21mm
Red+Point  28p

1 Bik+Pom  28p

Grey + Point 28p
Clear 110 10 28p
Clear Taper  28p

STANDARD

(Al for %
spindles)
Grub Screen
Fitling
Black Plastic
M1. 15 metal

metal Inserl “39p
M3, 36m

metal mserl &

numbered 1 to
1 P
M5. As M3 but

m
M6 As M4 but
Omm 42
M7. Pointer 24p

18mm SOLIO
ALUNINIUM
MATCHING
KNOBS
M8. 15mm  48p
M9. 24mm  568p
M10. 30mm 69p

20mm Slow Fast
100mA
19p
250mA
17p
315mA

17 10p
500mA
Y]

630mA
800mA

1%  Slow Fast
00mA

In Packs of 4
2amp 59p
3amp 59p
5 amp 59p
7 amp 59p
13amp 59p

PANEL
FUSEHOLDERS
20mm 36p
1% 36p

QUARTZ
CRYSTALS
Please enquire

about types

not listed
32.76BK Hz 95p
100K Mz 235
200K Hz 265
1.00MHz  3.50
200MHz 224
2.097152MHz

3.49
3.2768MHz 1.49
400MHz  1.49
4.194394MHz

4.433619MHz

o
5.00MHZ 150
6.00MHz  1.39
6.9375MHz3.50
8.00MHz  1.49
10.00MHz 175
18.00MH:  1.79
20.00MHz 1.99
27.64BMHz 1.69
4B.00MHz 1.69
100,00MHz 2.95

5.5 MHz

Ceramic filter50p

TOOLS

Top quality
Hand Tools
Llnds(mm
L8670,
Slde Cullers
14.55

LSBU Snipe
Nose Pliers 5.2
10 35

LB70 Snipe
Nose

Pliers 4.7 10.36
L160 Long Nose
Pliers 14,95

CBO l‘/- Slde
Cutter 10.02
C73 4% " Side
Cuttter 9.2
C724% " Pliers
{Snipe} 7.52

OE-SOLDERING
PUMP
BTMO0 High
Suction
Anodised  4.55
Spare Teflon
Nose 85p

TEST
METERS
BTC&01 LCD
Push Bufton
2 amps AC/DC,
KV DC
750y AC
Fully guaranteed

34.50

MINI TESTER
Pocket Size
2000 oPY
Analog
Meter .56

MICROTEST 80
Superior 20,000
OPV 1000v
AC/DC, 5 ADC,
2.5AAC. 0.1% 10

to 1OM 3200

RELAYS

DiL REED

100VA Normally
open {} amp}

5v 3808 199
5v 3808 + Diode
&Screen  2.95
12v 5308 199
24y 2%2 199

PCB RELAYS
240V AC 10
amps Contacts
SPDT 1x % " 6v
275

7%

pi3
12v 285R
24v 11508

48v 46008
3.04

RECHARGE
BATTERIES

Guaranteed
mirimum 500
charges
HP2(1.2AH) 2.39
HP2(dAH) 4.75
HP7{%AH) 93p
HP11(1.24H)2.29

PP3(110mAH)
495

Chargers
TYPEH:
Adjusted to 6 of
any MP type
Above  £1559
TYPEM:
As above but
taster charge for

4AH  £2595
TYPEP
PP3 €550
TYPE A:
HP7 Uptodata
tme) £585

HEATSINKS
CLIP ON
TO11AC128) 18p

TOS (BFY51) "18p
TO18 {BC 109)

p
T0220 (T1P29)
36p

Astec BMHz
Wideband 4.50

BOOKS
(NO VAT)
Prices inc. post in
UK. Cheaper to

callers.

Tower Transistor

Manual {Bibte}
.5t

10,
Elektor 301
Circuits, 6.50
Texas TTL Data

10 50

Texas Opto 518
Texas Mos
Memory. 4.95
Texas Linear

National
Interface; 2.95
Nationat Special
Function 296
National Dara
Conversion 2.95
Toshiba CMGS
7.9

Hitachi Micro-

processor  9.00

Hitach: Memary
8

Hitachi Powerfet
8.50

TEXAS
““UNDER-
STANDING
Solid State 495
Digital - 4.95
Car Electranics

Security Elec
tonics  4.95
Optromics 495
Communications
495

Computer

Science 495

Microprocessors
4.95

Antex irons
C240(156W} 5.20
XS?AO(ZSW)

Iron Stand 1 75

Elemant:
iStaie Iran) 2 25
€240 Bits.
No 2 tSmalll 85p
No 3 IMed.) 85p
No. 6 (Micro| 8Sp
X$240:X26 Bits
No. 50 (Small}

85p
No 51 (Med 185p
No 52 iLge ! 85p

SOLDER 1259ml
22swg 3 10

TRAN
SISTORS
UK's Greatest
Retail Variety.
Plaase phane
about types not
Iisted due 1o
asufficiern
space
Only top quality
devices sold

2N2907  28p
2N2907A  26p
2N2920 925
2N2823 25
2N2924  15p
2N2925  15p
2N2926  10p
2N3010  75p
2N30M 65p
2N3019  50p
2N3053  27p
2N3054 58p
2N3055
2N3055RCA 95p
2N3055H 120
2N3107  46p
2N3109  48p
2N3232 150
2N3250  36p
2N3251  a6p
2N3439  98p
2N3440  80p
2N3441 125
2N3442 135
2N3444 170
2N3445 480
2N3446  6.09
2N3d47 572
2N3448 656
2N3S12 106
2NIS53 266
2N3563  20p
2N3564  25p
2N3565  20p
2N3566  50p
2N3567  55p
2N3568  50p
2N3569  50p
2N3570 695
2N3571 573
2N3572 495
2N3584 276
2N3585 299
2N3632 988
N3638  55p
2N3638A  70p
2N3639  85p
2N3641  63p
2N3642  50p
2N3643  30p
2N3644  56p
2N3645  66p
2N3646  28p
2N3662  15p
2N3663  16p
283702 10p
2N3703 10
2N370 10p
2N370 10p
2N3706  10p
2N3707  10p
2N3708 10p
2N3709  10p
2N3T10 10p
N3711 10p
243712 2.00

2N3713

2N4304

2N4400
2N4401
2N4402
2N4303
2N4409
2N4410
2N4415

oR
P4y
23

s
Q
-3

3N200 693 [ BC1/4A BULAHA  13p
3N201 298 f BC1/48 HUWARH  14p
3N211 335 BC1/Y 4G 18p
35K88 89p f BC1// 44 13p
10360 60p § BC1//A 14p
40361 67p | BC1//8 .

40362 67p | BC1/8
40363 295 | BC1/8A
40364 3.25| BCt/8B

40513 75 | BC1838
40537 96p | BC183IC
40594 99p | BC1B3L
40585 99p | BC1B3LA
40600 258 | BCB3LB
40601 2.36 | BCY83LC

40608 244 } BC184L
40631 2.12 | AC184LB
40635 135 § 8C184LC
40636 3.50 § 8C186
40643 180 § 8C187
40673 99p | BC204

AD161 39p | BC237C
AD162 39p | BC238
AF106 75p | 8C238A

CANNOT REACH!

We stock a vost selecnan of
electronit components Just take o
lagk through our new ibustrated
catalogue and you ! see whaot va
mean Send tor your copy teday
Ofhaal orders welcome from

Govt Depts wchools etc Quantity
discounts negotiabte
CRICKLEWOOD
ELECTRONICS
LIMITED
BC261A
80538 8
BD539 80p
BD539C 10
BD540 85p
BD540C 120
BD675 7
BDA7S 270
BD677 78p
83 80678 83p
ap711 1.32
8C137 3% laczean  80p.[BD712  1.32
BC138 §6p 66 p | BOX14 130
BC140 29 | BC266A 36p | BOX18 1.59
BC141 37p [ BC2668  37p | BOX32 347
BC142 29p | 8C300 45p || BOX66B 6.95
BC143 30p | sC301 adp | BOX878  5.35
BC147 10p [ 6C302 a3p | 8BOYSa 170
BC147A  10p } aC303 47p  BDYSS 175
8C1478  10p | 8C304 46p | BOYS6  1.80
BC147C  20p | BC30 13p.§ BOYS7 526
BC148 10p § BC307A  14p | BOYS8S  6.15
BC148A  12p §BC3078  15p | BOY62 234
8C1488  13p §BC308 12p | BDY92 376
8C148C 13p § BC308A 13p § BF 115 35p
aciag 1% I8C3088  14p | BF119 00
8C1498  12p | gCao0g 14p | er121 bi
8C149C  13p IBC309A  15p | AF123 700
BC 152 350 lec3098  16p | Br127 80p
BC153 23p § BCI03C 17p | BF153 3
BC154 27p | BC317 15p | BF154 28p
BC157 11p Facas 15p § BF157 s8p
BC157A  12p f BC320 25p | BF158 285p
BC1578  13p | gC327 26p | BF159 6
8C158 10p FBC327 14p | BF 160 S5p
BC158A  12p }BC328 14p § BF163 S8p
8C1588  13p § pC337 15p | ar163
8C159 11p | 8C338 15p | 8F 1686 57p
BC159A  12p fac3a7 20p | eF167 29p
8C1598  13p flac3so 20p | BF170 29p
BC159C  18p [ ac3s2 30p § BF173 28p
BC160 42p lac3sal  30p | eF17a 77
BC161 48p |l gC383 30p | 8F177 26p
BC167 10p §8C383L  30p | eF178
BC1674  10p lacasa 30p | BF179 36p
BC167B  13p fac3sal  30p | BF180 3
BC168 100 }BC407 24p || BF101 36p
BC:SEB 10p | gcaos 24p || BF182 3
B e 1% |scaos 30p | BF183 3
e, 1% JBcara 26p § BF184 36p
ecpoos 109 BC414 25p | BF185 37p
eches! 1% YBcars 30p § BF194 12p
B 30p | er19s 12p
BC1T0A 175 lecais 30p f BF196 12p
BCi70C g | 35440 b lEEim %
e 18 Jacaan 33p | BF198 15p
BCIlla 12 Jecaso 32p | BF199 1
BE1718 e || BCas 33p | BF200 75p
L 130 facaze 29p | BF224) 32p
B 159 BC479 30p | BF225 36p
BC1728  15p | 3C318 4% Er2e0 3
BCi2e 1% dBcsiz p | BF241 38p
e 110 [ Bcssen 15p | BF244A  SBp
BC1738 16y §BC347 5 e
e P §BC547A  14p || BF245A  66p
A 230 jocsare  1ap | BF2ase  Gep
? l8C548 12p § BF248 70p
BF246A  70p

6
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Stocking parts other stores

CRICKLEWOOD ELECTRONICS LTD cannot rearh!

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. A
. " p R o
.TELEPHONE 01-452 0761 01-450 0995 TELEX 914977 Securicor available. BPhone your order quoting Credit Card card
. . ) * Vi
ALL PRODUCT FIRST GRADE FRANCHISED SOURCE number.E]Callin. You will be more than welcome. E}Official A eatnicAN
L orders accepted from Govt. Depts., Schools, Colleges, EXPRESS
All advertised items are guaranteed to conform with, or surpass Armed Service Establishments, P.L.C.s and approved
f m o p ] { b
manufacturer’s current data sheets. This list represents a fraction of accounts. ] Overseas orders by Bank Draft in Sterling end £2.00
our stock. New items are constantly being brought into stock. . minimum post and packing. DHL plus £65.00 no V.A.T.
Cricklewood Elqctronlcs keep up with the times. Please phone about prp“cabh to U.K. only. Please add 15% after adding P&P
all your electronic needs. to order. No V.A.T. on books and datasheets.
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Please add 60p post, packing and insurance, more for heavy goods, problems and you will be informed immediately.
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MJS01 310 | VNIOKM  80p GRAPHIC ~ | ca3o28s 1.99 f \m7ascra 70p | TA7310 149 zm?g 105 Is phone 7403393 asp | 4012 1gp 6514 3.30 | 7908k 1.99
MJ1000 2’50 | vnagar 955 | ERTYTIRTI | 1 s wau €a3029 144 f(mio17 g0 | JAA263 3.88 1991 for latest | 7sis39s 895 ] 4913 1% | esio Tasl ik 19
MJ1001 300 | vN66AF  93p | Fro3es 3500 f| E/4Senes CA3030A 2.97 | LM1303N 2.25 ﬁ:ggg g-gg %:}\?3{:5 2; gg Ja 7a.8396 199 3013 48 5189 1'es | 7915k 189
MJ1BOO 3g0 | ZTX10/  10p | gro3pe 3s.00f 2 3 82v iap| CA3033 5441 LM130aN_250 § 1aaz5 160§ INA234E 8.47 prices 7408398 2.70f *O'5 39 <1189 400 | 7928 193
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONALL

CABLE TELEVISION —
ALL IT'S SUPPOSED TO BE?

A couple of years ago, cable television was described
as a'licence to print money’ — exactly the same des-
cription that was applied to commercial television.
Now the picture doesn’t look nearly so bright. ETI will
have a special report on cable television, taking the
technical and financial issues that are deciding the
future of our entertainment.

STEREO POWER METER

This device will give you a true indication of power, as
it measures the current going to the load an

multiplies it by the voltage to obtain the power —
none of these cheats where you measure just the
voltage and hope the impedance is what it says on the
case! And once you know the power, and you've
measured the voltage, you could work out the

impedance. If you can also measure the current, you
can then work out the phase angle as well . ..

Z80 DRAM CARD

Following on from this month’s article on how to
replace one set of DRAMs with a larger capacity set still
within an existing system, here is a whole board full of
memory, all for your Z80 system.

COMPLEX NUMBERS

Complex numbers are not as complicated as you
think — in fact, once you get over your initial trepida-
tion, you'll find that they make circuit calculations
very much easier than they ever are by other means!

ALL THIS AND
MUCH MORE
IN THE MARCH
ISSUE OF ETI
ON SALE
FEBRUARY 3rd
— PLACE YOUR
ORDER NOW
OR RISK
MISSING OUT!

Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.
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THE NEW
MPF1PLUS..

THE MPF1PLUS

Just look at the specification:-

Technical Specification

CPU: Z80A — 158 instructions
Software:

® Z80/8080/8085 machine code

® Z80 Assembler, line and 2 pass.

@ 8K BASIC interpreter (Extra)

® 8K FORTH (Extra)

ROM: 8K Monitor (full listing and
comments

RAM: 4K CMOS (2x 6116)
Input/Ouput: 48 system 1/0 lines
Speaker: 2.25" coned linear

Display: 20 character 14 segment green
phosphorescent

Expansion:

® Socket for 8K ROM

@ Cassette interface

@ Connectors 40 way, complete CPUbus
Keyboard: 49 key. Full "QWERTY" real
movement good tactile feedback
Batteries: 4 x U11 for memory back-up
(batteries not included)

Serial Interface: 165 baud for read/write
via audio cassette

Manuals

1. User's Manual. 8 chapters.
1. Over view and Installation.
2. Specification (hardware and
software). 3. Description of
Operation. 4. Operating the MPF-1
Plus. 5. 44 Useful Sub-Routines.
6. The Text Editor.
7. Assembler and Disassembler.
8. System Hardware Configuration.
2. Experiment Manual. 16 experiments.
3. Monitor Program Source Listing with
full commenting.
4. Also available the MPF-1 Plus Student
Work Book (self-learning text).

Accessories

@ PRT-MPF-1P: 20 character printer.
Ready to plug in. Memory dump.

® EPB-MPF-1P: Copy/list/verify
1K/2K/4K/8K ROMS. Ready to plug in.

@ SSB-MPF-1P: Speech Synthesizer.
Inc. 20 words and clock program.
1200 words available.

® SGB-MPF-1P: Sound Synthesizer
Board.

® /O —MPF-1P: input/output board

' Yes! I now realise thatl need an MPF1 '
! PLUS and that itis the lowest cost Z80 !
SBC available with all these features.

lenclose £165.00 (£140.00 + £21 VAT
plus £4 carriage). Overseas P.0.A.

FLIGHT ELECTRONICS LTD.
Please debit my i N
Barclaycard/Access {E U o
X Account No.
| [ B R s U

1 An invoice will automatically be sent.
1

' Name
| Address

1
]
]
k|
: Cheques payable to
]
I
1
]

I

a e s A m am wm v m gm ww wm em wm e um M e e om =

: Signature .




COMVMTECH ELECTRONICS

TRANSISTORS THYRISTORS VOL TAGE |
BC 1078 BF 195 . MPSA 55 229074 250 | ¢, ] 40162  52p | 6800  395p | EANRCIARARRMAMR
BC108C 12p | 8CS546B 10p | BF 198  12p | MPSA56 20p | 2N3083 230 | C126D  90p 14p | 40163  52p | 6802  550p | Positive
BC109C 105 | BCS47B  8p| BF197 12p | MPSAG3 220 | 2N3054 56p | Ci2em  o8p 14p | 4501 16p | 6808  520p | 100mA
BC113/4 16p | BC5488 gp( BF198  10p | MPSAG4 22p | 2N30556 50p | MCR101 30p 50p | 4502 55p | 6810  250p | 78L05  30p
BC11S/6 170 | BCO4BC 9 | BF 199 120 | MPSAS2 24p | IN3055H 75p | mcR102 3ep | 4007 18 | 4503 3ap | 6820 oy e g&
BC119 28p | BC549C 9 | BF200 40p | MPSAO3 24p | 2N3440 58p 400 P |4 P 21 L15
BC139 32p | BC550C 10p | BF224 15p | TIP29A 30p | 2N3441 120p 153333 };‘5’: 4011 14p | 4506 70p | 6840 5950 | 78L18  45p
BC140  28p | BCS56  10p | BF 244C 22p | TIP29B 33p | 2N3442 120p | 2N4443 120p | 4012 15p | 4508 145p | 6850 180p | 78L24  45p
BC141 29p | BCS56B 10p | BF245 25p | TIP29C 33p IN4444 130p | 2013 24p | 4510 50p | 6852  360p | 1A TO220
8C142 27p | BCS578  9p | BF256C 32p | TIP30A 30p | 2N3702 10p | ongogp  23p | 4014 54p | 4511 52p | 6880 140p | 7805 40p
BC143 27p | BCSS7C 9p | BF256LC 35p | TIP30B 33p | 2N3703 10p | onsog1  24p | 4015 46p | 4512 48p | 6885 130p | 7808 40p
BC160 30p | BC558B 9p | BF257 32p | TIP30C 36p [ 2N3704 10p | 55062 29p | 4016 24p | 4513 98p | 6883  140p | 7812 40p
BC161 32p | BC556C 9p | BF258 32p | TIP31A 33p | 2N3705 10p | Znmoes  32p | 4017 42p | 4514 110p | 68000 POA 7815 40p
BC169C 8p | BCSSOC 9p | BF269 350 | TIP31B  36p [ 2N3706 100 | T o\. o 4018 47p | 4516 55p | 8T26A 140p | 7818 40p
BC1718  9p | BC560C 10p | BF336 36p | TIP3IC 37p | 2N3707 10p [ .50 _55"_1 4019 30p | 4517 180p | 8728  120p | 7824 40p
BC172C  9p | BC637 20p [ BF337 39 | TIP32A 33p | 2N3708 10p | <550, 60" 4020 46p | 4518 52p | 8795 140p | 5ATO3
BC173C  9p | BC638 20p | BF338  40p | TIP328 35p | 2N3771 150p [ <557, 70“ 4021 42p | 4520 55p | 8797 140p | 78H05 500p
BC1778 15p | BC639 22p | BF457 32p | TIP32C 37p | 2N3772 170p ¢ 2%em 909 4022 46p | 4522 65p | 8798 140p | Negative
BC178C 15p | BC640 24p| BF4S8  32p | TIP33A S5p | 2N3773 190p | (<527 90" 4023 14p | 4526 64p | 8080A  400p | 100 mA
BC179 150 | BCY70 18p{ BF4S9 37p | TIP34A 60p | 2N3819 20p | 5o 120" 4024 38p | 4528 56p | B085A 5000 | 79L05  S0p
BC 182 9p [ BCY71  18p | BF 494 12p | TIP4IA 46p | 2N3823 50p | <500 98" 4025 14p | 4529 72p | 8156C 600p | 79L12  S50p
BC1828 9p | BCY72 17p | BF595  16p | TIPAIC 60p | 2N3BE6 95p | <25 on 14op 4026 84p | 4530 92p | 8212C 198p | 79L15  S0p
BC1838 9p | BD115 50p | BFS96  20p | TIP42A 46p [ 2N3903 10p | 2900 309 4027 29p | 4531 70p | 8216C  140p | 1 ATO220
BC183C 9p | BD131 45p | BFX29 28p | TIP42C 60p | 553904 10 P | 4028 42p | 4532 88p | 8224C  220p | 7905 45p
BC1848 90 | BD132 480 | BFX30 28p | TIP110 45 | 5u3dnc  1on | hdAbGA 4029 48p | 4541 70p | 8228C  450p [ 7906 65p
BC184C 9p | BD133 70p | BFX84 28p | TIP115 45p | 5\ o002 ,o" RECTIFIERS SREFTvel] 18p | 4544 120p | 8251AC 495p | 7908 65p
BC 212 9p | BD135 30p | BFX85 28p | TIP120 70p | onz030 3o° W 005 18p | 4035 56p | 4551 88p | 8253AC 800p | 7912 55p
BC212B  9p | BD136 30p | BFX87 27p | TIP121  70p | SnN4033 3o: wo1 20p | 4040 48p | 4553 180p | 8257C  750p | 7915 55p
BC2138 9p | BD137 30p ( BFXB8 23p | TIP122 70 | n4037 20p woz2 22p | 4041 48p | 4554 148p | 8259C 900p | 7924 65p
BC213C  9p | BD138 35p [ BFYSO 23p | TIP126  70p | Zng058  10p wo4 24p | 4042 42p | 4555 48p | 8288 €16 | _varable—
BC2143 9p | BD139 36p | BFYS51  22p | TIP127 708 | onageg  10p W06 28p | 4043 44p | 45% 48p | TMSQO80A£22 | | M 309K 120p
BC214C 9p | BD140 35p | BFYS52 22p | TIP2955 70p 2N406Q 10 wo8 32p | 4044 44p | 4557 160p | TMS998INE2S | Lm317K 250p
BC 237 70 | BD203 70p | BSY95A 23p | TIP3055 70p | Sna061 10" 3A/50V  40p | 4046 55p | 4558  110p | TMS990IN590p | LM317T 98p
BC 238 9 | BD204 70p [ BU205 140p | TIS44  20p | Nage2 109 3A/100v 42p | 4048 30p { 4559 ' 390p | TMS9302N550p | LM 337T 180p
BC 239 9p | BD205 70p | BU206 190p | TISS0  24p | Fy,400 ,5" 3A/200v  44p | 4049 25p | 4560 170p | Z80A 4M 3BOp | LM 350T 395p
BC 251 9p | BD206  70p | BU208 140p | TIS92  20p | Syu0s ,5" 3A/400v  46p | 4050 25p | 4566 120p | Z80A Pi0350p | LM 723CN 35p
BC300  36p | BD239A 40p | MJ2500 2300 | 2N1613  30p | 5000 ,59 6A/50v  75p | 4051 52p | 456§ 270p | 780A DMA €5 | 78H0S 500p
BC301  32p | BD239C 50p [ MJ2501 246p | 2N1711  30p | 50002 15" 6A/100v 80p | 4052 52p | 4569 140p | 21014A 350p _m_
BC302 32p | BD240A 42p | MJ2856 80p | 2N1893 30 | o p, o0 m" 6A/200v 88p | 4053 54p | 4572 42p | 21144 120p
BC303  32p | BD240C 50p | MJ3000 210p | 2N2218  2dp | 500y 20" 6A/400v 94p | 4066 28p | 4573 198p { 214770nS600p | TIL32  S5p
BC304 32p | BD241A 42p | MJ3001 225p | 2N2218A 25p | Sucies 28" 25A/100v 185p | 4068 15p | 4574 198p | 21474508 700p | TiL38  40p
BC307  10p | BD241C 54p | MJE340 48p | 2N2219  24p | Hncacg 27’ 25A/200v198p | 4069 15p | 4575 198p | 2716 400p | TIL78  S0p
BC308 10p | BD242A 42p | MJE3S0 70p | 2N2218A 25p | ycyeq 25’ 25A/400v220p | 4070 15p | 4580 280p | 4164-150nS€10 | TiL 100 100p
BC309 10p | BD242C Sdp [ MJE370 80p | 2N2221A 20p | Sneaen 339 407 15p | 4584 38p | 4016-200nS £7 [ TIL111 859
BC327 12p | BD243A S5p | MUE371 84p | 2N2222 18p | Jncceq 18" 3mmred  7p | 4072 15p | 4685 74p | 5101LC 340p | 2N5777 50p
BC 328 12p | BD243C 68p | MJES520 60p | 2N2222a 20p 2N5851 20: Smmred  7p 4073 15p | 4599 178p | 5101LC-13%p | 4N25 80p
BC337  12p | BD244A 64p | MIES21 68p | 2N2368  23p | ongo27  23p | 3mmgreen 10p 4074 15p aN28 70p
BC338  12p | BD244C 78p | MJE 2955 80p | 2N2369A 15p | ongo2g  23p | Smmgresn 10p | 4075 15p 4aN33  128p
BC413C 10p | BF 180 30p | MJE 3055 68p | 2N2484 24p P | 3mmyeliowiop | 4077 150 4aN35  150p
BC414C 10p | BF181 30p | MPSAQ5 20p | 2N2646 48p LTIy SmmvelowiOp 4078 15p 8pin  8p 22pin 14p | 4N37  100p
BC415C 10p | BF 182 30p | MPSAO6 20p | 2N2904 22p chps 3p | 4081 15p f4pin  8p  24pn 19p BPX 38 390p
BC416C 10p [ BF183  30p | MPSA 12 22p | 2N2904A 23p | 400 mw rectangular 4082 15p | 16 pin 10p 28 pin 24p | BPX43 340p
BC477 250 | BF 184 30p | MPSA 13 22p | 2N2905 23p | 2v7-36v  6p | Red 10p | 4093 32p 18 pin 11p 40 pin 25p TiL221  20p
BC478 23p | BF185 30p | MPSA42 23p | 2N2906A 22p | 13 W Green 14p | 4098 78p 20 pin  14p {high output
BC479 24p | BF 184  12p | MPSA43 23p | 2N2907 23p | 4V751V 10p | vellow 14p | 40161 52p clear red)*

N _ 5 4xTO3 mounting kits 23p 64 mm Loudspeakers 8R 70p

CA3046 72p | LM565 100p| SAA5041 £25 | Electrolytic AA119 9p | % Wau Carbon 4xT066 mounting kits 23p 64R 78p each. 300mW rating
CA 3065 190p | LM 567 150p | SAAS050 £10 | radial/axial. Tantalum bead. | BAX 13 5p [ film 5% E24 5 xT0126 bushes/washers18p PP3 battery snaps 6p each.
g: gggg ;gp tm ;?g .?3: 23:9?352352 (B)i);;e gp sze“r/:;s;:‘, 1::;‘ 10xTO220 bushes/washers2Bp 4xHP7 battery holder 22p
CA 3089 170: tM711  60p| SN76115 9gp | Value/ V pricet Value/ V price | 54 g 7: % Watt Carbon goxTOJP st'hes/:ashersS; B;ObeP7 baqe'ry holder 32p

LM 733 75 047 25 5p| 0.1uF35 32p g film 5% E 12 mm panel fuseholder 32p 20mm chassis fusehoider 7p

CA 309040 ! 741 14° SN76660 9‘0" 047 63 6p| 022 35 12 O0A 91 7p ies 1R-10M 4mm plugs 12p. 4mm sockets 20p. 4mm insulated ter-

300p | LM 74 P TBA120S 70p 1' F 83* 6 : 2 0AQS5 8p | series 1R- minals 30p. 3 5mm jack socket 15p. 3.5mm: jack plug 15p

CA3130E 95p | LM 747 S0P | 15a52002000 | 22 16 56| 943 35 15| 02200 7o | Zpeach, Phono sockets 15p_Switches: miniature toggle. SPST 60p
CA3140E 40p | LM 748 - 3Sp TEAS50 240p ' 83 6 04 5 P | 0A 202 8p [ ’ Wart Metal SPDT 68p, DPDT 78p each. Miniature push buttons: 1A/
CA3160E100p | LM 1458 36p TBA570Q200p Z; 25 6: ?sg gg :gp 1544 gp | him 1% 224 250V push to make 16p push 10 bieak 23p. Midget rotary
CA3IBIE 140p | LM3900 47p | rococ 100p | 47 63* 6p 2;“; 35 16: 18921 9P Ze”es :10 M | Switches, peb terminals 2P6W, 4P3W. 3PAW 39p each.
CA 3240A1665 MC 1455 16p | TBASOO 70p | 10uF 10 5p| 3.3 4F35 18p mg:g ip 'zg;:cpér 100, | Stideswitch 1A/250v DPDT (22 x 12 x B mm) 16p.

CA 324061105 | MG 1458 Job | TBASIASSSR | 10uF 15, 0| 47,25 2001 \naas  3p | onevaie ooy, | [T RTINS

CA32608100p | MC 1748 35p | TBAB20 75p | 10uF 63° 7P| 10uF 16 20p| |N2149  2p | 2808 pe CP100 60 IC sockets, 8, 14, and 16 pin 20 of each  440p

cA 8100'“2509 MC3302 726 | TBABJOM 78p | 22uF 16 6| 15uF 16 28p | Inaoos 33 25 Watt wpe. | CP10120 BC182/8C212 transistors, 10 of each . 130p
MC3401 ©€8p [ TBA920 195p | 22uF 25 6p| 22uF 16 350 | ;na003 4 | wound OR22. | CP102 20 BC183/BC213 transistors. 10 of each 100p

LF 347 160p | MC3403 65p [ TBA950 210p | 22uF 63* 9p| 33 uF 16 60p 1N4004 5: 10 ohms E12 CP103 20 BC184/BC214 transistors, 10 of cach . . 130p
LF351  45p | NE529 220p | TCA270 120p | 47KF 10 7p| 334F 10 36p | 1Ngg05  Sp | series 25p each. | CP 104 20 BC549C/BCEE9C rranssstors, 10 of each  130p
LF 353 80p | NES31 160p | TCA800 250p | 47 uF 26 8p| 47 .F 10 60p 1N4006 6p | Presets: mini- CPi05 20 BCSSOC/BCSGQC transistors, 10 of each  160p
LF 355 85p | NEG32 S6p| TCA940 180p | 47uF 63 12p| 68uF 10 80p 1N4007 6p | ature horizon- CP106 100 1N914 switching diades, 75-100v/75mA 240p
LF356  88p | ME644 200p | TpA1022550p | 100 10" 6P| 604F 6.3 60| (nsagr  11p | tal & vernical CP107 100 1N916 switching diodes. 75/100V /75mA 280p
LF357 110 [ NE5S0 160p | TDA1024130p | 190 16 B[ 100uF6.3 700 | yneag2 12 | 9Peach 100R. | CP1CB 100 1N4148 switching diodes.75.100V /75mA 170p
e e | NS | ToNE oGl 60 22 N0 OB | ey | S DRSO e e o 0o om0

uf 6. P 1 i rectifiers . . . . . . . [
tm307  5ap | NEDZE 08| TOA2003220p) 300 yo- gp INEaoe 132 | st e | CP111 10 MC1458 Dual op amps (741 type) . . 320p

LM311 600 | e cfe 1a0p | Tomaoosm 0P| 220 16 10p INS408 145 | TOOR.B00K | CP112100400mwW zeners. 4 of each 2v7 10 33V 450p
38 fg NE 560 150p %30p| 220 25" 1b| Ceramic Piaie | 1NS407 15p | 88p each. CP113 100 1.3W zeners, 4 of each 4V 7 to 51V 850p

NES67 110p | TDA2006 325p 220 63 24p| g3/100V IN5408 16p | Poten- CP1144 LF351 JFET op amps. Lownoise . . . . . 170p
tm gig ;g: |NEs70 3950 TDA2020250p 470 10 Mp| 50004, 6A/100V 26p | Lameters CP1154 LF353 JFET op amps, dual low noise 300p
. i Single gan CP117 50 rnixed LED's 3mm/Smm/rect/
II:'I:: ggg ;g: ',:‘,E ZZ; 232') Ig:ggggigg: 1(7)30 fg fg: Psgivswrene 5% gﬁ;ggg\\; gg: ZK%O ?MQ red/green/yellow . . =2 TEE 400p
P i ° J P 1 1 A ..
Li3sos ado | NES4S o0 | TOAZOSM | 2980 0 Sam| 63V 106F o Smicang | CP12010C106D 400V/AA myrstons | 2508
. n eac H .

(M38) 1200 | SAATOZ3650D 1061  agp | 2200 20 P in2w010nF MR swirch 78p | CP124 100 mmicad smetomiic capoc oo

< [] mixed electrolytic capac:tors

LM384 125p | SAAI056 550D 1,062 g0p | , 12p each. each 1063V/1-1000uF . . . . €6
e e g::gg?g 350P TLoGa  120p |~ AL OMY | ecter C352 | TOS push on | Dual qang 89p | CP125 5 LM317T 1A/T0220 vaniabie reguiators . . 440p
Lm3s P P! available these | DY 0% 0 | 6mm is0'C.w) hia
N33 1 | ks o0 | Uvaimy 802 o, | S3one | wne S G LU

L p | available on a s 4 160°C/wW) |25 x1" 25p T
LM556 45p | SAA5040 £16.00} ULN2004 80p | of above. 0.022,0.033, | 12mm! - 2 C106D 400V 4A Thyristor 28p each. 10 tor 250p. 25 for
0.047 6p. 28p eact 2.5"x3.75"90p | 475p. 100 tor £20. 300 for £64 500 tur £85. 1000 off POA.
0.068,0.1 8p | TO314CW 26"x5"110p L"1317T 1A/Ad). Regulator 98p eacn. 10 tor 880p, 25

ORDERING INFORMATION: Please add 50p P&Pto allorders | 0.16.0.22 10p 4OPeacp;W 3.75"x3.75" tor £21. 100 for £68 300 tor £ 195 500 tar £296 1000

under £10. Cheques or postal orders made payable to | 9-33.047 13, :?03 1echh 110p off POA IN414B switching diodies 3p each. 100 1or 170p

Comtech Electronics Official orders welcome, trade please | 958 20r. T . 375°x6° 115p | 500 for £7.50 1000 tu: £13.00 L.vger quantities please

A X 22p. T0126/220 pak of 100 pins enguire ING14 switching u-odes 3p each. 100 tor 240p
enquire. All items held in stock despatched same day. LARGE 18C:W 22p 55p 500 for £1100 1000 for E17 Gaiger aqoanties iese

SAE brings full fist. D!S(&i&lamw: All I: '"‘3” Spot Face cutter| enquire Hengrous Quantity discounts dug-aie on mos.

10 -] black finish 150p hnes

COMTECH

ELECTRONICS

205 STURDEE ROAD
LEICESTER

LE2 9FY
Telephone: (0533) 779578

*SAME DAY DESPATCH%*
% COMPETITIVE & RELIABLE %
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

Portable
Projection TV

F or those who find Clive Sin-
clair's 2" marvel a mite too
small, Matsushita might just have
the answer. Their latest addition
to the portable TV market is a
fold-flat projection colour televi-
sion with a 6.5” screen.

The TV has been developed

g

from Matsushita’s large screen

projection systems and uses
three 5cm projection tubes for
red, green and blue instead of the
single CRT found in conventional
TVs. When folded for carrying it
measures 250 x 85 x 310 mm and
it weighs just 3 kg, about half the
size and weight of currently avail-
able 7" screen televisions. It is
also claimed to use only about a
third as much power.
Matsushita have released very

little other information on the
new TV and when we telephoned
their UK press office they
stressed that there are no plans
as yet to introduce it here at all.
Disappointed would-be pur-
chasers will have to make do with
either a Sinclair and a magnifying
glass or a conventional 7' TV and
a body-building course,

Also new from Matsushita is a
more normally-sized TV (screen
size is not stated) which is des-
cribed as digital and multti-
functional. Again, very little in-
formation is given on the circuit-
ry, etc, but it apparently incor-
porates a microprocessor and
several other LS| devices and
thereby reduces the component
count by 30% compared with con-
ventional sets. Features include
an 11-bit digital remote infra-red
control unit which is theoretically
capable of controlling up to
2,048 functions, allowing it to
cope with additions such as a
VIR, video disc, personal com-
_puter, etc. The set is equipped to
handle Viewdata and Teletext
and incorporates a special facility
whereby a picture from one
source may be inserted into a
larger main picture, allowing
simultaneous viewing of, for
example, a programme and an
information service. As with the
projection TV, Matsushita say
they have no plans to introduce
the new model into the UK as yet.
National Panasonic UK Ltd, 300-
318 Bath Road, Slough, Berks
$11 6)B, tel Slough 34522,

Spaghetti
Eater

f your office, workbench, or

audio system is fast being swal-
lowed up by a writhing mass of
unidentified cables, Inmac’s new
cable tidies could be just what
you need. Not only do they neatly
group cables into bundles, they
also allow you to indicate each
cable’s function, makingitinstan-
tly identifiable.

The ties are available in both
permanent and releasable form,
and will hold up to six cablesin a
35mm diameter bunch. They
cost £5.00 for a packet of 35. A
releasable tie is also available
with a self-adhesive pad so that a
bundle of cables may be secured
to any suitable surface. This type
secures three or more cablesina
bundle of up to 19mm diameter
and costs £5.50 for a pack of six.
Lastly, there are identity ties, small
ties which attach permanently to
an individual cable and which
have a 25mm wide area on which
you can write. These cost £5.00
for a pack of 35. Inmac UK Ltd,
Davy Road, Astmoor, Runcorn,
Cheshire WA7 1QF, tel 09285
67551.

Exhibitions
Galore

Y ou’ve seen the best, now see
the rest! No, but seriously,
folks, the exhibition season
doesn’t end with Breadboard,
and there are a lot more people
out there waiting to show off
their wares and expertise. There
are exhibitions of general interest,
exhibitions aimed just at the
chosen few, big exhibitions,
small exhibitions, conferences,
seminars, the lot. So get out your
diaries and make a note of some
of the following.

First off is the Acorn Education
Exhibition which will take place in
the Central Hall, Westminster,
London, from the 25th to the
27th January. As its title suggests,
the exhibition is aimed at those
involved in education, teachers,
lecturers, administrators, etc,
and will bring together some of
the many companies offering
educational  software, peri-
pherals, and services for Acorn’s
BBC microcomputer. Interested
readers should contact Tim
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Collins, Computer Marketplace
Ltd, 20 Orange Street, London
WC2H 7ED, tel 01-930 1612. The
same people are also organising
a Sinclair Education Exhibition in
March, the second Acorn User
Exhibition in August, and a
robotics exhibition in November,
and information on these can be
obtained from the above
address.

IFSSEC '84, the International
Fire Security and Safety Exhibi-
tion and Conference, will take
place at Olympia, London, from
the 9th to the 13th April. Over
65,000 people are expected from
all over the world to inspect the
latest fire control and intruder
detection products and services
offered by the anticipated 700
exhibiting companies. There will
also be seminars on such topics
as the requirements of fire safety
regulations and police policies
toward intruder alarm installa-
tions. Details, conference pro-
grammes, etc, are available from
IFSSEC Ltd, Cavendish House,
128-134 Cleveland Street,
London W1P 5DN, tel 01-387
5050.

The British Robot Association
are holding their 7th annual con-

ference in Cambridge (no single
venue mentioned) from the 14th
to the 16th May. Representatives
from both Eastern and Western
countries will be taking part and
the organisers expect it to be
their biggest yet. They are still
considering papers for presenta-
tion at the conference and would
welcome contributions from the
industrial/applications viewpoint
submitted within the next month
or so. Details from the Con-
ference  Organiser, B.R.A.7,
British Robot Association, 28-30
High Street, Kempston, Bedford
MK42 7A), tel 0234 854477.

Micro City is described as an
exhibition of computers, busi-
ness systems and com-
munications and will take place
at the Bristol Exhibition Complex
from the 15th to the 17th May. A
major feature is the Offices Of
The Future exhibition-within-an-
exhbition which will occupy an
entire hall. Details from Steve
Hybs, Tomorrow’s World Exhibi-
tions Ltd, 9 Park Place, Clifton,
Bristol BS8 1]P, tel 0272
292156.

Interconnection ‘84 is a new
conference and exhibition which
aims to cover the entire field of

interconnection under four main
headings; board level intercon-
nection, interboard connections,
equipment-to-equipment, and
techniques and board materials.
It will be held at the Park Lane
Hilton, London, on the 6th and
7th June. The organisers wel-
come papers for presentation at
the conference, preferably con-
centrating on one of the above
headings. For further details con-
tact Brian Morgan, Marketing
Manager, Benn Electronics Pub-
lications Ltd, 146 Midland Road,
Luton LU2 0OBL, tel 0582 417438.

Finally, and moving a little
further afield, the second Elec-
tronic Displays exhibition and
conference will be held at
Frankfurt Fairgrounds from the
5th to the 7th September, and
will concentrate as before on dis-
play devices, display drivers, CRT
monitors and other devices used
in modern information systems
for text and graphic display.
Again papers for presentation
will be welcomed and informa-
tion on this and other aspects of
the event can be obtained from
Network GmbH, An der Frieden-
seiche 10, 3050 Wunstorf 2,
West Germany.
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HOME LIGHTING KITS

Thess kits contain all necessary componants and full
instructions & are designed to replace a standard wall
switch and control up to 300w. of lighting

TOR300K RomotoConnol £|4 95

hmme
MK6 Tummmev'oubovo £4 50
TO300K

Touchdimmer £7 75
Touchswitch £775
m:ch|.n3 Vl:)itv!lt"[’)g(-)‘(')v;y £250
£3.95

Rotary Controlled
Dimmer

ELECTRONIC LOCK KIT XK101
This KIT contains a purpose designed lock IC,
10-way keyboard, PCBs and all components
to construct a Digital Lock, requiring 8 4-key
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: 5V to
15 V d.c. at 40uA. Ouput: 750mA max.
Hundreds of uses for doors and garages, car
anti-theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied  ONLY £11.50

Eloctric lock mechanism for use with latch
locks and above kit £14 95

“OPEN-SESAME"

The XK103 13 8 general purpose infra-red transmitter;
receiver with one momentary (normaily open) reiay
contact and two latched tranmator outputs.
Designad primarily for controlling motorised garage
doors and two auxiliiary outputs for drive/garage
lights at a range of up to 40 k. The unit also has
numerous applicattons n the home for awitching
ughts, TV. closing curtains, etc. Idesl for aged or
digabled pers:

The Kit compri a mains powered receiver. a four
button transmitter. compliete with pre drillad box.
requining 8 9V battery snd one opto-isolated solid
state switch kit for intdr-fscing the receiver to mains
appliances. As with all our kits, full instructions are

supplied.
ONLY £25.00

XK113 MW RADIOKIT
Based on ZN414 IC, kit includes PCB, wound
aerial and crystal earpiece and all components
to make a sensitive miniature radio. Size: 5.5 x
2.7 x 2cms. Requires PP3 8V battery. IDEAL
FOR BEGINNERS. £5.50

dd 3NOTE DOOR CHIME §3

Based on the SABOE0O IC the kit is supplied
with all components. including loudspeaker,
printed circuit board, a pre-drilled box (85 x
717 x 35mm) and full instructions. Requires
only a PP3 9V battery and push-switch to
ﬁ%rsgleéeaAN IDEKAL PROJECT FOR BEGIN-
. Order as XK 102.
92 £550

Have you got our FREE YELLOW CATALOGUE yet?

NO?! Send S.A.E 6" x 9" TODAY!!
It's packed with details of afl our KITS plus large range of SEMICONDUCTORS
including CMOS, LS TTL, linear, micruprocessors and memories; full range of
LEDs. capacitors, resistors, hardware, relays, switches etc. We also stock VERQ
and Antex products as well as books from Texas Instruments, Babani and Elektor
ALL AT VERY COMPETITIVE PRICES.
ORDERING IS EVEN EASIER — JUST RING THE NUMBER YOU CAN

FORGET FOR PRICES YOU CAN'T RESIST.
and give us your Access or Barclaycard No. or write enclosing
cheque or postal order. Official orders accepted from schools, etc

MINIKITS

MK1 ELECTRONIC THERMOSTAT
Uses LM3911 IC 10 sense temperature
(80°C max) and triac to switch healter
{1KW). Mains powered, £a.60
MK2 SOLID STATE RELAY
Switches 240V ac motors, lights,
heaters from logic/computer circuits
Zero voltage switching, opto-solated.
Supplied without triac £2.60
MK4 PROPORTIONAL
TEMPERATURE CONTROLLER
Uses “burst fire” technique to main
tain temperature to within 0.5°C. Ideal
for photography, incubatots. wine
making, etc Max load 3KW (240Vv
ach, Temp. range up to 90°C E6 50
MKS MAINS TIMER

Mains powered timer enabling a load
up 10 1KW ar 240V ac 1o be switched
on {or off] for a variable time from 20
mins. to 35 ‘hrs. Longer or sharter
periods possible with mmor
component changes

MK15 DUAL LATCHED SOLID
STATE RELAY

Comprises two MK2s with fatch circuit
enabling the MK12 kit to control two
mains loads independently. Two
output tracs not supplied. (See
remote conttol kits.} £4.50

\N\ MK 18 DC CONTROLLED
AUDIO AMPLIFIER
Mav be used with virtuasly any stereo
audio amplifier c control bass,
volume, treble and balance remotely
eithet using a wire link or the MK11
infra red receiver. A 1 of 10 decoder
with LEDS is also included for remote
nput selection/display. (See remote
control kits.}) £10 70

Answering
service evngs
&weekends

CONVMPONENTS

awide range in stock including:

LINEAR
1Cs

AD590 3 30
AY 3.1270
7.20

CA3080 72
CA3130 75
CA3140 43
ICL7106

700
L1107
iCL7126
ICLBO38

10
CMOS555
79

LE35) 44
LF353 8O
LFI56 90
LM324
LM3342
LM3382

120
LM339
LMm348
LM358
M7
(V38O
LM3B1 1 1
LM382 1
LM386
LM1458
LM1830

wmao?
1

C
LM3900 48
LM2902 80

LM3911 4501 24
4511 55
4514 118

MEM
ORIES
2114 BO
6810 1.25

2716 200
2732 480

MICROS

280A cpu
2

oaroze - IGEY
LATORS|

78L05 12

1
tM3914 TDA2020

LM3915 10443290
198

2
1LM13600 TI061
TL062
TLOBA
TL071
TL072
TLO74

L§7220
75

L§7225
2 60
MF10C 3 30

50 aTe
oo 280A crc

180 A
ST Z80A pig

BO35L 5.50
LED «
3mmRK
SHoun

MM79C811  ULN2003

6 50
MM73C915  UiN2004
85
MM74C922  znd1da 98
ZN425 3 40
IN8275 70
IN42B 4 10

IN1034E

180

Flashing

TRIACS Connruous

400V Red
- Colour
Sme Round

MM74C826
450
NESGE ¥ 40

NESG? 97
$5668 2 15

51480 175
5441 135
5L480 170
$L490 2 40
TBABOO

Rectangula:
55

DIS
PLAYS

3" ccRed
75

68
TBAB10AS
™SI

rMS\eov 5 ccca

85p

“owors COMPUTER

SHOWROOM

Hours:Mon-Fri 9am ~5pm SAT 10am-4pm

MICROPROCESSOR CONTROLLED
MULTI-PURPOSE TIMER

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 tlmes overa7 day cvcle, e.g. to control your central
times for weekends),

heating (includi

just

connect it to your system programme and set it and forget it—the

clock will do the rest.

FEATURES INCLUDE:-

* 7mmLED 12 hour display

Day of week, amipm and output status indicators
4 open collector ouTputs for driving relays, triacs, etc.
50;60Hz mains operation

Batrery backup savas stored programmes and continues time-keeping

during pawsr failures. (Battary nat sugplied}

Now only

ALL PRICES EXCLUDE VAT

TH G ot

£39.00

{Kit includes all components, PCB,

instructions}
Order as CT6000

box, assembly and programming

MODEL B

We also stock peripherals and
accessories disc drives. printers,
joy sticks etc. together with a
wide range of books and the latest
Software for all the above

-ecmputers including ZX81
SEND S.A.E. FOR LIST TODAY!
COMPONENT PACKS

PACK 1650 Resistors 47 ohm to 10 Mohm —
10 per vaiue £4.00

PACK 240 x 16V Elactroiytic Capecitors
104F to 10004F — 5 per value £3.25

PACK 360 Polyaster Capacitors 0.01 to
1uF1250V — Sper value £5.55

PACK 4 45 Sub-miniature Presets 100 ohm to
1 Mohm — 5 per value £2.90

PACK 5 30 Low Profile IC Sockets 8. 14and 16
— pin — 10 of sach £2.40

PACK 6 25 Red LEDs (Smm dia.) £1 50

24 HOUR CLOCK/
APPLIANCE TIMER KIT

Switches any appliance up to kW on and off at

DISCO LIGHTING KITS

DL 1000K

This value for money kit fea-

tures a bi-directional se-

quence. speed of sequence

and frequency of direction

change. being variable by means of poten-
tiometers and incorporates a master:

dimming control. £15 95
DLZ1000K

A lower cost version of the above, feeturing
undisectional channel sequence with speed
varieble by means of a pre-set pot. Outputs
switched only at mains zero crossing polnls
1o reduce radio interference to e minimum.

£8.95

Optional opto Input DLA1

Allowing audio {“‘beat’’) — light
rasponse. 60P
DL3000K

This 3 channel sound to light kit features
zero voltege switching, automatic level
‘controf and built in mic. No connections to
speaker or smprequired Noknobsto adjust
— simply connect to mains supply and

pape (HKwichannsl] £1295

LCD
18 ranges including DC voltage {200 mv-1000
v) and AC voltage, DC current {200 mA-10 A)
and resistance (0-2 M) + NPN & PNP transistor
gain and diode check. Input impedance 10M.
Size 155 x B8 x 31 mm. Raquires PP3 v battery.

Test leads included. QNLY £29.00

HOME CONTROL CENTRE

This kit enables you to control up to 16 different
appliences anywhere in the house from the
comfort of your armch, The transmitter
injects coded pulses into tha mains which are
decoded by receiver modules connected to the
same mains supply and used to switch on the
appliance addressed. Tha transmitter also
includes aCOMPUTER interface so you can pro-
gramme your favourite micro (ag. ZX81) to
switch ights, heating, electric blanket, make
your morning coffee, etc. sutomatically
withoul rewiring your hou UST THINK OF
THE POSSIBILITIES. The kit includes all PCBs
and components for one transmittar and two
receivers, plus a pre-dnlied box for the
transmitter

Order as XK112. £42 .00
Additional Receivers XK111 £10.00

REMOTE CONTROL KITS

FORA DETAILED BOOKLET ON REMOTE CONTROL

—sond 30p + 8" x 9" S.AE

MKGSIMPLEINFIA RED TRANSMITTER

Supptied with hand-held plastic box Raquues av

(PP3) battary 50

MK 7 INFRA RED RECEIWVER

Mains powered with triac output to switch up to

SOOW at 240V ac. Range spprox 20 ft. on/off or

momentary control.

(RC 500K — special.

MKS 4 WAY KEYBOARD

For usa with MK 18/MK 12 transmitter raceiver

whara only 4 channais sre required £190
£5140

MK10 18-WAY KEY BOARD

MK11 10 chennal + 3 enalogue o/p receiver

A mains powersd LR receivar providing control

signals to 10 on/off and 3 analogue circuits. May be

used for controlling the volume of sn amplifiar,

brightness of alamp, etc. £13.50

MK12 18-CHANNEL LR RECEIVER

A meing powered LR Receiver providing up (o 16

autputs for switching. 50

MK18 based on the 5L490 This it Includss all
tomake acoded Requires s

PPCI b-uarv lnd kayboard (MKQ MK!O or Ml(13) llxo

2 cm Range aopra

MK‘J " way kuvbolrd 'or use ! whh MKW lnd MK;‘

price for MKB/MK?
£13.95

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on
the ICL7126 {a lower power
version of the ICL7106 chip)
and & 37/2 digit liquid crystal
display. This kit will form the
basis of a dlgltal mulnmatev
{only a few

detail

q

thermometer (-50°C

to 0.1°C. The basic kit has a
sensitivity of 200mV for a full scale reading,
automatic polarity indication and an ultra
low power requirement—giving a 2 year
typical battery life from & standard 9V PP3
when used 8 hours a day, 7 days a week,

Price £15.50

preset times once per day. Kit contains:
AY-5.1230IC, 0.5 LED display, mains supply,
display drivers, switches, LEDs, triacs, PCBs
and full instructions.

CT1000KBesicKit £14.90

CT1000K with white box

(56/131x 71mm}...£17.40

{Ready Bulty 22.50

Display blanking during power lailure to conserve battery power
18 programmae time sets

*

*

*

*

: XK114 OPTIONAL RELAY KIT
% Powarful 'Everyday’ tunction enabling output to switch every day but
*

*

*

*

*

Kitincludes one relay, PCB to accommodate
up to faur reiays, terminal blocks, etc.,

to fitinside CT6000 box. Pravides up to
four 3amp 240V AC thangeover contacts

£3.90

Additional relays £1 85 each

Add 65p postage & packing + 15% VAT to|
total Overseas Customers;
Add £2.50 {Europe), £6.00 (elsewhere) for

p&p.
Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

‘ Mon to Fri
OPEN **Tommto bpm ot

use only one time sat

Useful ‘sléep’ function — turns on output for one hour

Direct switch control enabling output to be turned on immediately or
after a specitied time interval

201{unction kaypad for programme entry

Programme varification at the touch ot a button

Plastic bax with attractive screen printed front panel 16 x 10 x 5.5cm

FAST SERVICE - TOP QUALITY - LOW LOW PRICGES

No circuit is complete without acallto-

ELECTRONICS

LT GARAGE

11-13 Boston Road
London W7 3SJ

01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL aFTeR 3pm
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ACCESS
and
I BARCLAYCARO
weicome.
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Portable
Oscilloscopes

lectronic Brokers is introduc-

ing into its range a pair of
laboratory performance, port-
able oscilloscopes which are
purpose-designed for tough
operating conditions. They are
both dual trace instruments, the
PM3254 with single timebase
and the PM3256 with added
delayed timebase.

The triger and timebase cir-
cuits have been developed to
give over 100MHz bandwidth,
with vertical amplifier bandwidth
75MHz over a wide temperature
range. The ruggedised CRT gen-
erates an extremely bright, small
spot which produces accurate
traces even in high ambient light
conditions. Operational capabili-

ties included are separate vari-
able control of main and delayed
timebases, variable hold-off, X-Y
display facilities and TTL trigger-
ing as standard. The trigger-view
function can also be used as a
third channel. Both oscilloscopes
can be operated from either AC
or DC power supplies.

The oscilloscopes are con-
structed around a strong tubular
chassis. Front and rear panels are
rigid plastic mouldings, the side
panels are tough ABS and thick
rubber bumpers offer protection
to the corners. A shoulder strap is
provided for easy transportation
from laboratory to alternative
locations.

The PM3254 costs £1,096 and
the PM3256 costs £1,196. For
further information contact Elec-
tronic Brokers Llimted, 61/65
Kings Cross Road, London WC1X
9LN, tel 01-278 3461.

Musical
Spectrum

Ricoll have introduced an add-
on for the Spectrum which,
they claim, allows a sound to be
stored in memory and then re-
played at any pitch. The “Action
Replay” will accept an input from
a microphone or other audio
source and after storing it allows
real-time replay using the Spec-
trum keyboard or an external
keyboard and an external ampli-
fier and speaker.

The unit comes in a box which
plugs directly into the Spectrum
and has sockets for audio input
and output. The input signal is
sampled at 32 kHz and stored iri
32k of RAM in the unit. The pitch
of the stored sound can then be
controlled from the keyboard,
Ricoll claiming four octaves
upward shift and no limit to the
downward shift. Using various
software options, the sound can
be reversed, reproduced con-
tinuously to form a sort of glitch-

free tape loop, and have effects
such as echo and vibrato added.
Audio bandwidth is 12 kHz,
signal-to-noise ratio 66 dB, quan-
tisation noise -72 dB, and the
manufacturers claim that distor-
tion is undetectable and that the
audio quality generally compares
favourably with that of a good hi-
fi cassette recorder. The unit is
intended to be used in conjunc-
tiom with a monitor which dis-
plays such factors as input level/
overload, and with some of the
other software options available
allows Fourier analysis and
synthesis,

The complete unit with a set of
demonstration software costs
£96.00 including VAT and should
be available from the beginning
of January. A few fingers here at
ETl gotabititchyatthe thought of
playing with such a device, and so
we have persuaded Ricoll to let
us have a sample to evaluate as
soon as the first production units
are ready. Watch this space!
Ricoll Electronics Ltd, 48 South-
port Road, Ormskirk, Lancashire
L39 1Qr, tel 0695 79101,

Unmatched?

| t certainly won't be easy to find
I another microswitch which can
match this one ior size. Height,
from the hottom of the pins to the
top of the (depressed) lever is
just 10mm, width is 8mm and
thickness 3mm. The switching
operation is single pole change-
over and the contacts are rated at
300 mA, 50 V (not, we suspect,
300 mega-amps as stated in the

press release!) The actuating
lever is designed for both simple
compression and cam follower
applications and the suppliers
envisage it being used in scale

models and for anti-tamper
switching in small equipment.
The switches are available in
packs of ten for £4.00 including
post and packing from Semicon-
ductor Supplies International
Ltd, Dawson House, 128-130
Carshalton Road, Sutton, Surrey
SM1 4RS, tel 01-643 1126.

Free Of Charge

T aking the idea of low battery
costs through the use of Ni-
Cads to its logical conclusion,
Sanyohaveintroduced a charging

ETiI FEBRUARY 1584

unit which doesn’t need a supply
of electricity. Their NC-AMI
charger for AA (HP7) size cells is
solar powered.

Sanyo have used what they call
amorphous silicon semiconduc-
tortechnology, or AMORTON for
short, to produce the solar panel
which has made the new charger
possible. They do not say just how
much output the new panel gives
nor how long the unit will take to
fully charge batteries. The
charger, complete with four AA
size Cadnica cells, should be on
sale in the UK soon at a price
which Sanyo say will be ‘within
easy reach of the average cus-
tomer’,

New Maplin
Catalogue

T he 1984 Maplin Electronic

Supplies catalogue arrived
at the ETI offices the other day —
and kept on arriving! We don’t

t know exactly how many copies

they've sent us but if any more
arrive we'll have enough to build
our new offices with. The new
catalogue has nearly 500 pages,
20", more than the 1983 edition,
and includes a section on the
Heathkit range of electronics
kits. For the first time, Maplin’s
prices appear on the page rather
than in a separate supplement.
The prices will hold until at least
February when an update leaflet
will be issued. The new catalogue

costs £1.35 and can be pur-
chased from branches of W.H.
Smiths, from Maplin's own
stores, or by post from Maplin‘s ’
Rayleigh address for £1.65 in-
cluding postage.

The Maplin stores mentioned
above continue to increase in
number. In addition to their
stores in Birmingham, Manches-
ter, London and Southend, they
have recently opened a new one
in Southampton. The ‘shop is at
46-48 Bevois Valley Road, which
is quite close to the City Univer-
sity. The existing premises had
previously been used for the sale
of electronic components for
over forty years, and will now
stock the extensive Maplinrange.
Maplin Electronic Supplies Ltd,
P.O. Box 3, Rayleigh, Essex $S6
8LR, tel 0702 554155,
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SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS

325 EGWARE ROAD, LONDON W2 1BN Tel: 01-723-4242 Tix: 295441
CRIMSON ELEKTRIK | L JOIN THE PROFESSIONALS

No No
2580 2615

2581 2616
2582 2616a
2583 2617
2584 2618 Add on Moving Coil Kit
2585 2619 Pre-Amp Power Supply Kit
TS70 70 Thermal Switch

HS50 50mm Heatsink . ..

HS100 100mm Heatsink

14.95 150mm Heatsink . ..

Modules
CE 608
CE1004
CE1008
CE1704
CE1708
CE3004

Price
£80.00
£105.00
.£116.00
.€131.00
MC12K ....£21.74
PSK

Complete Pre-Amp Kit CK1010....
Cohplete 40W Stereo Amp Kit CK1040 ...
Complete 80W Stereo Amp Kit CK1080 ..
Complete 100W Stereo Amp Kit CK1100 ..

WE ALSO STOCK
ALL THE POWER
SUPPLIES TO DRIVE
THESE MODULES

PS. THESE KITS AND
MODULES ARE
EXCLUSIVE OF VAT

100W 40 Mono ...
100W 8q Mono
170W4qa Mono ..
170W 80 Mono .. ...
300W4a Mono ... .

2585a
2585b
2585¢
2608

FE 908
FE1704
8D1

CPR 11X

QO0WFET. Mono ... . . . ...
170W FET Mono ..
Bridge Unit tor Modu/es
Pre-Amp Module .

VELLEMAN KITS |

No
K610
K1798
K1874
K2571
K2569
K2575
K2544
K2032
K2557
K2545
K615

Some are easy some are hard

Description

Mono UU using LEDS. ... .. .
Stereo UU using LEDS . .
Running Light Kit

Light Computer with EPROM ...
Three Tone Chime
Microprocessor Doorbell 25 tunes
Complex Sound Generator
Digital Panel Meter ..

Digital Thermometer

50Hz Crystai Tme Base .........
High Precision Stopwatch ....

CALL IN AT OUR SHOP AND SEE DISPLAYS

| TELETEXT KIT

This unit wilt make your TV fully remote control {intra-red) and bring you closer to the amazing world of teletext. The kit can also be updated to incorporate full Prestel, and with akeyboard
this can give you full message facilities for ordering foods or sending and receiving messages (E G.) Booking your Holidays!

With a microcomputer as an alternative keyboard the world is even greater adding bulk updating to viewdata computers an recelving telesoftware for implementation to any
personal computer.

Even wittnut the Prestel option, Telesoftware from the Teletext pages free!
The tull features of Teletext, including subtities are all inciuded in the basic kit.
An attractive stylish case is available to complement the finished kit.

No.

K2543
K2555
K2566
K2572
K2574
K2577
K2579
K2583
K1682
K2580
K2551

WE STOCK A WIDE
RANGE OF BOXES
TO HOUSE THESE
KITS IN. FROM
VERY SMALL TO
VERY LARGE
19” MAXIMUM.

Transistor Ignition

Digital Freq Counter for Receivers

3 Channel Coloured Light Organ

Universal Stereo Pre-Amplifier

Universal 4 Digit U/D counter with memory.....
Electric Motor Speed Control [UPTUI B i
Universal Start/Stop Timer ...

Heating Controller

Microprocessor Universal Timer (no case)
Electronic Power Switch Dimmer,

Central Alarm Unit .

PS. ALLKITS
INCLUDE VAT

£135.00 + VAT
.£17.50 + VAT
.£3.00

sparetipsavalable .................... 1.10
Standard Solder Sucker . 650

ACCESSORIES

GLOBAL SPECIALTIES
PROTO-BOARDS KITS
PB101 1965 L 152mm W 114mm H 36mm
PB102 24.95 L 187mm W 114mm H 36mm
PB103 4095 L 229mm W 152mm H 36mm
PB105 74 50 L 249mm W 203mm-H 36mm

Universal Ni-cad Battery Charger. . ...
4 x Penlight Charger FW400

6 x Cells Universal Charger FW611
Miniature Solder Sucker

6.30

..l1650
..6.00

Lubricating Contact Cieaner
Non lubricating Contact Cleaner
Spray on Insulation for PCB's
Freezer.

&
==
IC. TEST CLIPS

14 way . — ..2.99
1Bway. .. ... 3.15
24 way. - . 6.00
40 way. ..9.35

79 STRAND CABLE per mrs 045

COMPONENTS | |EDGE CONNECTORS

Soldering lrons
X825
CX

25W. .. 5.46+
17W.. . .5.30+
C“iron” 15W....520+
CCN “ceramic” 15W._ .. .5.00+
Wide range of bits and elements in
stock now.

Soldering iron stand 2.40

We stock multicore solder for normal
use or tine.

Price
320
3.20
320

.6.50

Device

Z80A . .
ZBOAPIO . .
ZBOACTC. ...
6800 ......... .
6810 ... .. .. .
6821 ... . ...........
6502CPU ..... 1
2114(200ns)
2708

2716

.4.25
. 750
..1.80

3.00
..3.20

2532 . :
2764 (ZOOnS) .
ADCO0816 (8 bit)

” 350
1100
.,1490

ZX81 E.C. y
Spectrum EC. . 378
VIC20E.C. . . .378
50 Way E.C. P —Ate L <{0)
18WayEC. ... ........ 280
64 Way E.C.Plug 250
64 Way EC. Socket . .4.80
31 Way E. C. Plug . 200
31WayE C Socket ..2.10

...298

We stock a very wide range of
opto-devices, from Infra-Red to
LED's to Opto-Couplers.

Check us out for competitive
prices and helpful service.

We also stock 74 series 74LS, C mos, transistors, capacitors, resis-
tors, LED’s, zeners, diodes, jack plugs, mains plugs XLR piugs, can-
non plugs, arrow switches BNC connectors, reducers, photolak,
developer, PC board, sensitive & normal, boxes, wire cutters, strip-
pers, Edge connectors, pots, batteries, digital pulsers, logic probes,

proto-boards, vero board

This is just a small sample of what we stock, if you'd like to
see more send £100to us for our NEW 1984 CATALOGUE.

*New Books

iso-tip Cordiesslron. ., ...
Miniature low voltage

soldering station

Oryx50 50W temp controlied 15.50
Oryxsuper30................ 590+
All irons are 240V mains. Earth
Leakage current is less than 3 ua.
The temperature controlled iron can
be controlled within = 2% tempera-
ture range from 200°C to 400°C.

Please Note Books are VAT exempt but add £1 00 to cover P/P

A-Z Transistor EQuivalent book (2 Volumes)

The 9900 Family Data Book

The Opto-Electronics Data Bodk - s
The Bipolar Microcomputer Databook -

The Intertace Circuits Data Book
The TTL Data Book
MDS Memory Data Book .

The Linear Control Circuits Data Book

The Voltage Regulator Data Book

The Power-semiconductor Data Book

*TT! Data Book Volume | ...

ﬂTleaBookvmumen.,...]if

301 Circuits ... ......

Towers Transistor Equwaient o

s Towers Digital Seiector
/ Towers Linear 10 Selector .

FE Towers Equivalent book

. 950

4.00
4.50

. 700
850
3.95
4.00

... 450
.. 8.00
. 8.00
8.00
500
950
9.95
7.50
7.50

Why not try our mail order service; it’s fast and efficient. We
take Barclay, Access, Am Exp, Diners or Cheque.
Cheques made payable to Bradley Marshall Ltd.

PLEASE REMEMBER TO ADD VAT AT 15% + 75p P&P
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Red-uced!

Siemens have introduced four
red LED digital displays which
offer a considerable reduction in
operating power over conven-
tional types. Dissipation is only
80 mw per digit and Siemens
claim that they are ideal for use
with MOS devices and in
CMOS circuitry.

The low power dissipation is
achieved through the use of
gallium arsenide phosphide as
the semiconductor material. The
luminosity is 1500 millicandela at
5mA forward current and the for-
ward voltage reaches a maximum
of 2V at 20mA. The rated tem-
perature range is —20 to+70 C

and the wavelength of the emit:
ted light is stated to be 650 nm.

The new displays come in two,
three and four digit versions and
the tiny substrate area is viewed
through an integral plastic
magnifying lens to give a digit
height of either 2.8 or 3.8 mm.
They are available in 12 or 14 pin
plastic packages and all types are
arranged for common cathode
operation.

Siemens envisage applications
for the displays in all types of bat-
tery operated equipment and
particularly in multimeters, digi-
tal thermometers, etc. Siemens
Ltd, Siemens House, Windmill
Road, Sunbury-on-Thames,
Middlesex TW16 7HS, tel 09327
85691.

L]

Belfast Chips
S cientists at Queen’s Universi-

ty, Belfast, have designed a
chip which is capable of packing
in 25 per cent more circuits and
working at least 10 times faster
than present types. They have
done it using conventional chip
manufacturing techniques and
their efforts have been recog-
nised by the UK Science and
Engineering Research Council
who have just given grants of
£300,000 to continue their
work.

Researchers in the Depart-
ment of Electrical and Electronic
Engineereing say their desjgn
holds out the prospect of the
most complex chips in the world,
operating at the highest possible
speed. One of the three-man
team behind the new develop-
ment, lecturer Dr Mervyn Arm-
strong, said: Although we have
developed a new principle, quite
a large amount of development
work is still needed before a pro-
totype chip could be successfully
produced. It is, however, a major
innovation for those creating and
marketing tomorrow’s chips.”

The new approach is based on
the ability to align exactly certain
essential layers used to make a
chip. Until now the alignment of
the layers could not be precisely
controlled. This has meant the
patterns on each essential layer
have had to be made a little larger
so that even if the overlying layers
do not exactly register on top of
the previous layer, some part of
them would make contact. The
penalty is that this wastes valu-
able space. Exact alignment,
which Queen’s University say
they can now achieve, frees
space for more circuitry.

The other problem was speed.
An average microprocessor deals
with two million pieces of infor-
mation every second, which are
processed through some 30,000
transistors. But as more transis-

ETI FEBRUARY 1984

100MHz Fibre
Optic Emitters

otorola have introduced
two new infrared emitters
for fibre optic systems which are
claimed to be the industry’s first
planar LEDs capable of data
transmission at greater than
100MHz bandwidth. The de-
vices allow fibre optic system
operation in areas previously
reserved for expensive, edge-
emitting LE Ds and laser diodes at
a significantly lower cost and a
much improved operating life.
The new MFOE1201 and
MFOE1202 infrared emitters are
packaged in a TO-52 metal pac-
kage which is hermetic, industry
standard size and configuration
and fits into commercially avail-
able fibre optic connectors. The
internal lensing enhances coupl-
ing efficiency and provides a
250um diameter optical spot at

0.3 N.A. (numerical aperture) on

the emitters. The spectral res-
ponse peaks at 820nm, which is
spectrally matched to the
minimum attenuation region of
most medium distance fibre
optic cable. With a power output
of 1.0 to 3.5mW, the devices
make short to medium distance,
‘highspeed systems economically

feasible. Applications are broad,
and include industrial controls,
computer systems, CATV and
military.

For further information contact
Motorola Ltd, European Litera-
ture Centre, 88 Tanners Drive,
Blakelands, Milton Keynes MK14
5BP, tel 0908 614 614.

tors are put into the chip, the con-
nections between them become
smaller and thinner, slowing
down the passage of current
from one transistor to another,
and consequently the response
of the computer. These connec-
tions are normally made from
poly silicon. To restore its effi-
ciency when using thin connec-
tions the Belfast team have
devised a technique to put alayer
of aluminium on top of each part
of the chip containing poly
silicon.

The Belfast development holds
out the promise of medium priced
computers which can support
many more user terminals than at
present and also means that

industrial processes now mon-’

itored by giant computers could
soon come within the range of
cheaper, microprocessor-based
maci nes.

1.5us, 12-Bit
ADC

urr-Brown have introduced a
12-bit analogue-to-digital
converter with a maximum con-
version time of only 1.5uSec.
Thought to be the fastest suc-

| cessive approximation A/D con-

verter on the market, the
ADC803 is accurate to +0.015%
of full scale range, operates with
no missing codesovera —25 Cto
~85 C temperature range and
provides both serial and parallel
outputs.

The converter incorporates a
mix of proven IC and hybrid
technologies and utilises state-
of-the-art IC and laser trimmed
thin-film components to achieve
a complete A/D function includ-
ing voltage reference, clock and

comparator. It is packaged in a
32-pin 43x23x5mm hermetically
sealed DIP. Input scaling resis-
tors allow internal selection of
analogue input range from 0 to
—10V, =5V and =10V. Qutput
codes are complementary binary
for unipolar inputs and bipolar
offset binary for bipolar inputs,
All digital inputs and outputs are
TTL compatible and power sup-
ply requirements are +15V and
t5V. Because of its differential
input comparator design, the
ADC803 is very easy to use. The
internal DAC drives a comparator
input separate from the input
signal so that the user’s driving
circuitry does not have to handle
the DAC’s large, fast transients.

For further information con-
tact Burr-Brown International
Limited, Cassiobury House, 11-
19 Station Road, Watford, Herts’
WD1 1EA, tel 0923 33837.
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$X 1000

Electronic ignition

@ Incuctive Discharye @ Extenaed
dwell circuit stores greater energy in
cuil @ Three position changuover
switch @ Paiented clip-to-coii fitting
@ Fasy t0 assemble, 2asytofit @
Contact breaker triggered  includes
hounce suppression circint

e

SUP

PRICES REDUCED
ON SUPER SAVE
D.LY.KITS

S$X 2000 Electronic Ignltloﬁ b\

® Reactive Discharye @ Lombines
Induetive & capacitve erergy
sioraqge @1 ey u'\l ;u:\\w!w
spark energy r°H
ﬁnmqordwm.nm @
Contact breaker e ;g)mnri
boures soppressn o

it

TX 1002
Electronic Ignition

® Inductive discharqe @

Extended dwelt cireuit stores

greater enerqy in col @ Three
pasitica chanueover switch @
Contactlnss or contact

breaker tngyered @ Clip-tu

corber remote mounting @ Rugged
e cast cuse @ Contactless adaptors
included tor majonty ot 4 & Geylindor
vehicles @ Easy to build @ For details of
vehicles titted by contactiess tngget, 1ing
Techmeal Service Dept on {09221 611338-9

TX2002

Electronic Ignition

@ TWe sepirate sy
® Heactive Dischign OGR!
Discharge it Pt
chanyroser swn( h @ (i
possible spaik coceqy @ :
o remuote moenting @ Rugged die-cast
asi: @ Contactless o contact bresker
triqgernd @ Contas tivss adaptors
ingluded o vaonty of 4 & 6 cylinder
velucles @ Foruetais of vehicles fitted by
contactless tnager, ring Technica
Serviee Dept on (09221611338 9

erms e ut!
swiective

AT-40 Electronic Car Alarm

® Guards doors, boot, bonnet from unguthonsed entry
® Armed/disarmed using conce aled switch @ 30 second
detay to arm: 7 second entry delay @ Can alternatively
be wired 1o exterior key switch @ Flashes headlights &
sounds horn internuttently for 60 seconds when

dc'Ndu { @ Security loop protects
b
arhri:
iyl

ssorics @ Low consumption
C MOb circtntry

ELECTRONIC

CAR ALARM

Sp

AT-80 Electronic Car Security System

® Gudrds dogrs hoot, bonnet frorm unauthonsed entry @ Armed?
disarmec from omssde vehicle by magnetic key fob passed across
Sensor it gtiherod 1o mside of
wingdsereen @ ndwedually
programmabb: code @ 30 second
delay-ta-arm @ Flashes headhghts
ard soungls honintemttently for
60 seconds when activated @
SPCUTItY G Pratects actessoties
® Funct-ars hights to as: setting
up @ Low eonsumption C:-MOS

clrauiy,

SRS

N oy
LA, i A

ULTRASONIC Intruder Detector

® Supplementary to AT 40 & AT-80 @ Wili work in
conjunction with any door switch input or voltage
sensing alarm @ Detects attempted break inand
maovement within passengér compartment & tigyers
alaim @ Includes high efficiency ultrasanic transducers
® Crystal controlled for low dnft @ Ingenious sensitivity

control allows freedom fiom talse
Sparhiitz

alarmy @ Leow current consumption
l WULTRASONIC

'. oS INTHUDER !
\e— UETEGTOH‘

VOYAGER CarDrive Computer

® i funchionseentedon fuet Speed, Distance and Time @ Single chip
micrapirocessor @ Larae high brightness fluorescent display with auto
dirmming featire @ High accuraey distance & fuel transducers included
® Displays MPG L 100k anc imiles, litre at the flick of a switch @
Visuat & aushible warnings of excess speed oe, hghts ieft on @
Independent EOG & TRIP functions @ Low consumption crystal
controtie T ey

WL

SPECIAL OFFER
“FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £40.00

N A S AEN D N I D BN D BN .
SPARKRITE (A Division of Stadrum Lt 82 Bath Street, Walsall, WS1 3DE England Tel

MAGIDICE Electronic Dice

@ Triggiered by waving hand over dice @ Completely random selection
@ Bierp; & bashes dhinmg 4 sec tumbte @ Throw displayed for 10

seconds thon thshes 1o conserve hattery @ L ow consumiption C-MGOS \|E
creutry U?E“SA

R D ENE e EE - N B N N .
09221614791

KIT GLD PRICE | NEW PRICE

I SX 1000 | _jieRs | 1195 NAME __ .
SX 2000 ) 1895 ADDRESS .
X' 1002 12295 12295

I TX 2002 REAE: ) 132795

ew| AT ‘
lN AT RO )
L2 R e £ KITREF __.
VOYAGER 164 95
| e ; CHEQUENo. . .
PRICES INC VAT, POSTAGE & PACKING

PHONE YOUR ORDER WITH
NS EEm PEE DED NN AN DEN AR BN N e .

| ENCLOSE CHEQUE(S] POS TAL ORDFRS FOR

B

DUT OUT THE COUPON NOW!
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IEEE
Controlled
Logic Analyser

T he Hawk 3210 logic analyser
interfaces with a host of
microcomputers to give power-
ful diagnostic, processing display
and hard copy facilities, and at
£2495 is claimed to cost only
about half as much as other
‘machines offering less facilities.

The 3210 offers 32 channels of
1024 bits depth, with an internal
sample clock programmable to
10 MHz. Triggers are programm-
able in binary, hex, octal, decimal,
and ASCII for all 32 channels,
including don’t care states. Full
pre and post trigger capability is
provided, using delay of up to
1024 samples.

In timing mode, each screen
‘page displays 128 samples of the
1024 bit storage and from any
two of the four pods each carry-
ing eight data probes. Pod 1 car-
ries a dividable external clock

input. Glitches are detected to
30MHz, with display detectable
on or off. When displayed,
glitches are shown as an overlay
to data. In parallel state mode
binary, parallel, octal, hex, deci-
mal and ASCII displays of 32
channels wide by 16 lines are
available, with on-screen com-
mand prompt for control.

The unit has fully menu-driven
operation and keyboard control
for setting trigger words and
selecting timing, hex, binary,
decimal, octal or ASCII formats.
All menus carry prompt instruc-
tions at the foot of the display.

Initially, the 3210 analyser is
available for use with Apple Il
machines, a converter card giving
the computer 1EEE
patability. However, software is
now in development to allow the
anlayser to be used with Com-

modore, Sirius and other popular |

makes of microcomputer and
controller. Hawk Electronic Test
Equipment, Bircholt Road, Park-
wood industrial Estate, Maid-
stone, Kent ME15 9XT, tel 0622
686811.

com-

Triple Output
Power Supply

T he Kikusui PWC 0620 is a
triple output power supply
which offers 0 to 6 volts at up to 3
amps, and 0 to + 20 volts and 0 to
— 20 volts, at up to 1 amp. The 20
volt outputs operate in a dual
tracking mode and the unit has
two large front panel meters, one
for current measurement, and
the other for voltage. Any of the
three outputs can be selected for
display on the meter, and there

are separate voltage and current
controls for the 6 and 20 volts
ranges. The power supplyis oper-
able either in constant voltage or
in constant current modes. Rip-
ple is only 0.5 mV on all outputs,
and line and load regulation is
within 3 mV. It costs £295 plus
VAT, which is a lot more than you
will have to pay for the only-
slightly-less generously rated
instrument which appears else-
where in this issue. Telonic
Instruments Ltd, 2 Castle Hill
Terrace, Maidenhead, Berkshire,
tel 0628 73933.

SHORTS

@® The Scopex Instruments story,
part 2: further to our recent
report of Scopex’ demise, we are
now assured that the company’s
future is secure following the
purchase of their assets from the
Receiver by Bridage Scientific
Instruments Ltd. Bridage say that
all existing orders for Scopex pro-

ducts will be fulfilled as soon as
possible. The new address for all

enquiries is Scopex, 63-65 High
Street, Skipton, North Yorkshire
BD23 1EF, tel 0756 69511,

® Regisbrooke haveissued a full
colour brochure describing their
wide range of opto-electronic
devices, LED, LCD and vacuum
flourescent displays, key-
switches, display driver com-
ponents, and accessories. The
brochure is available free of
charge from Regisbrooke Ltd,
Unit 5, Horshoe Park, Pang-
bourne, Berkshire, tel 07357
4841.

® Further doom and gloom. Ata
meeting of creditors which took
place on the 8th November 1983,
Jupiter Cantab Ltd, manufacturers
of the Jupiter Ace microcom-
puter, was put into the hands of a
liquidator. The business is now
being offered for sale, and further
details can be obtained from
Chater & Myhill, Sussex House,
Hobson Street, Cambridge CB1
1N]J, tel 0223 66692.

ETI FEBRUARY 1984

® The CM200 capacitance meter
will measure capacitances bet-
ween 1pF and 2,500uf, taking
three readings per second and
giving the result on its 4% digit
LCD to anaccuracy of £0.2%. Itis
lightweight, wili run for several
hundred hours from batteries or
can be connected to the mains
supply, and has a calibration con-
trol which allows the user to null
out up to 25 pF test lead capa-
citance. It costs £89 plus VAT.
Thurlby Electronics Ltd, New
Road, St. lves, Cambridgeshire,
tel 0480 63570.

® In order to combat the shor-
tage of skilled staffin the comput-
ing services industry COSIT, the
Computing Services Industry
Training council has been given
£600,000 by the government for
its first year of operation. The pro-
gram will run for five years and the
objectisto pay firms to help them
with their training. For details
contact COSIT, 5th Floor, Han-
over House, 73-74 High Holburn,
London WC1V 6LE, tel 01-242
5049.

® The DPM60 4'» digit LCD
module features auto-zero, auto
polarity, and logic switched 200
mV or 2V FSD with 10uV resolu-
tion. Itruns froma 7.5 - 15V supp-
ly, has 10 mm high digits, and is
available in kit form for £29.95
fully inclusive from Lascar Elec-
tronics Ltd, Module House,
Whiteparish, Salisbury, Wiltshire
SP5 25, tel 079 48 567.

® Galatrek’s combined fuse and
13A socket tester is abut the size
of aregular 13A plug and has two
neons which indicate when con-
nections are absent, reversed or
correct. It costs £8.00 including
VAT and post and packing from
Galatrek International Ltd, Scot-

land Street, Llanrwst, North
Wales.
@® Ambit International have

opened a new sales counter for
their range of electronic compo-
nents, books, kits, test equip-
ment, etc. The new counter is in
the Broxlea building, near the
High Street in Broxbourne, Hert-
fordshire. There is on-site park-
ing and features include an on-
line computer terminal and other
advice and information services
for customers. Ambit Inter-
national, 200 North Service
Road, Brentwood, Essex CM14
4SG, tel 0277 231616.

@ The Beckman (7233 is a
clamp-type Hall effect probe
which, when used in conjuction
with a multimeter, oscilloscope
or other voltage indicating
device, allows the measurement
of AC and DC currents up lo
600A. The unit handles conduc-
tors up to 45mm diameter, runs
from a 9V battery, has an output
of 600 mV for FSD, and an
accuracy of 3% or better. Beck-
man Instruments Ltd, Mylen
House, 11 Wagon Lane, Sheldon,
Birmingham B26 3DU, tel 021-
742 7761.

® Motorola have announced
the adoption of the SOT-89
package for a broad range of mi-
crominiature transistors, initially
including general purpose high
voltage Darlingtons and RF tran-
sistors. The newplastic packageis
an alternative to the much larger
1 watt TO-92 package, and in
addition to the space saving in-
volved Motorola say the pre-
formed leads of the SOT-89 will

facilitate pre-assembly testing.
Motorola Ltd, 88 Tanners Drive,

Blakelands, Milton Keynes, tel
0908 614614,

'® Gothic Crellon have pub-
lished a 64 page catalogue cover-
ing their wide rage of resistors,
capacitors, semiconductors, val-
ves, relays, switches and the
micro and mini computer sys-
tems sold by Crellon Microsys-
tems. Copies of the A4 size cata-
logue are available free from the
Sales Department, Gothic Crel-
lon Ltd, 380 Bath Road, Slough,
Berkshire SL1 6JE, tel 06286
4300.

® Bulgin are giving away 1984
calendar-cum-posters which il-
lustrate their range of switches,
fuse-holders and connectors.
Copies are available from Brian
Diggle, Advertising Manager, A. F,
Bulgin & Co. PLC, Bypass Road,
Barking, Essex 1G11 0AZ, tel 01-

594 5588,
ETI
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- 01-4521500 Tecuxomaric Lo 01-450 6597
BBC Micro Computer System

OFFICIAL DEALER

Please phone for availability

Software from ACORNSOFT/
PROGRAM POWER/GEMINI in
stock

BBC Model B £348

B + Econet £389

B+ DFS £409

B +DFS + Econet £450
Carriage £7

Model A to Model B
Upgrade Kit £60
Installation £15

LANGUAGE ROMs

BCPL ROM + Disc +
Manual £87

PASCAL-TROM £44

WORD PROCESSOR ROMS
View 16 K Rom £52
Wordwise 8K Rom £32
Carriage £1.50

FLOPPY DISC INTERFACE
£95 & £15 installation

BBC COMPATIBLE DISC DRIVES
All drives are supplied with necessary cables
Single Drive without PSU: 100k £150; 200k £215,

400k £240
Single Drive with PSU: 100k £185; 200k £260*; 400k £330

Dual Drive with PSU: 2x100k £335; 2x200k
£440*; 2x400k £490

* These drives are switchable 40/80 drives.

40/80 Switch Module for 1x400k and 2:x 400k Drive £32
DISKETTES

40 track SS £15; 80 track SSDD £22

80 track SSDD £24

BBC FLOPPICLENE DRIVE HEAD

Cleaning Kit with 50 disposable discs £14.50

Phone or send for our BBC leafiet L

CASSETTE RECORDER

SANYO DR101 Data Recorder £34 +

£2.50 carriage

BBC Tape Recorder £28.50 + £2.50 carriage
Cassette Lead £3 + £1carriage

HOBBIT Floppy Tape €135 + £2.50 carriage
HOBBIT Zero Memory Option £25 + £1 carriage
Computer Grade C12 cassette 50p each.
£4.50 for 10 +£1 carriage

MONITORS

MICROVITEG 1431 14" RGB Std Res £215
MICROVITEC 1451 14" RGB Med Res £345
MICROVITEC 1441 14" RGB Hi Res £440
MICROVITEC 2031 20" RGB Std Res £287
KAGA VISION 12" RGB Std Res £230
KAGA VISION Ill 12" RGB Hi Res £385
KAGA 12" GREEN Hi Res £106

SANYO DM8112CX 12",Green Hi Res £99
All leads included. Carriage £7

TORCH Z-80 PACK

Your B.B.C. computer can be converted into a business machine at a cost
slightly higher than an 800k disc drive. The Torch pack with twin disc
drive and a Z80DA processor card greatly enhances the data storing and
processing capability of the computer. (NOTE: In BBC mode the disc
pack functions as a normal BBC drive.). ZBOA card comes with 64k of
RAM and a CP/M compatible operating system. The system is supplied
complete with a BBC owner's user guide, a Systems/Demo disc. a
PERFECT software package and COMANEX. a business management
game. The PERFECT software package comprises of a DATABASE.
CALC, WORDPROCESSOR and SPELLER commercially valued at over

£1,000. The complete package for only £730. Installation £20. Carr. £8.

W EPSON FX80 £350

EPSON RXB0 FT £270

EPSON FX-100£555

NECPCB0 23BE-N £310

SEIKOSHA GP 100A £170

SEIKOSHA GP 250X £199
SE\KOSHA GP 700A Colour £375
JUKI 6100 Daisy Wheel £365
MCO 40 Col Printer/Plotter €129
GRAPHICS Plotter £270

ACCESSORIES

PRINTERS & PLOTTERS

carriage

carriage

Parallel Printer Lead €10 + £1 carriage
Senal Printer Lead €8 + £1 carriage
Epson Serial Interface 2K €60 + £1 carriage
Epson Serial Interface £50 + £1 carriage
NEC Serial Interface €42 + £1.50 carriage
Epson Paper Roll Holder £17 + £1.50

FXB0 Tractor Attachment £37 + £1.50

FX Tractor Attachment £37 + €1 carriage

‘TIME-WARP
REAL-TIME-CLOCK/CALENDAR:

A low cost unit opens up the total range of Real-Time
applications. With its full battery backup, possibilities
include an Electronic Diary, automatic document
dating, precise timing & control in scientific applica-
tions, recreational use in games etc — its uses are
endless and are simply limited by one's-imagination,
Simply plugs into the user port — no specialist
installation required — No ROMS. Supplied with

Carriage £7 Paper Fanfold 2000 sheets £13.50 + extensive applications software. £29.00
£2.50 carriage
BBC EPROM PROGRAMMER BOOKS {no VAT; p&p £1) UV1T Eraser with a built-in timer and
A fully selt-comained Eprom Pragrammer with its own power supply, able to ains indi i ilt-i i
program 2516, 2716/32, 32A/64/ 128 single rail Eproms Assembly Lang Prog. for BBC ... £8.95 tm ns_d d ca}(tjor ?Llult in safety interlock
* Personality selection is simplified by a single rotary switch Assembly Lang programming on BBC | l0avoidaccidental éxposure to the harm-
I* Programming voltage selector switch is provided with a safe position Micro by Ferguson and Shaw.......... . £2.95 [ ful UV rays. It can handle up to 5 eproms
* \F:Varnlnc_! indicator to show programming in progress Basic Prog. for BBC ... ... £5.95 | at a time with an average erasing time of
* a(rj%gr;gg:s; fﬁg !Erg?(((jjhﬁfaNk check, program and verify at any address EBC %n Expert Guide BBC . 26.95 about 20 mins. £59 +£2 p&p.
* Simple menu driven software supplied on cassette (transferable to disc) Fasyh ropgrammmg o0 = - £595 UV1 as above but without the timer £47
% Full editor with ASCI! disassembler Un, er Frogramming on BBC £5.95 + €2 p&
Programmer complete with cables, software and operating instructons, introducing BBEC Micro........... ... £5.95 p&p.
£7950 - £2p. & p. Programming the BBC ... £6.50 { UV140 upto 14 Eproms £61
30 Hour Basic ... _— £5.95 | UV141 as above but with timer £79
| 35 Educational Programs. .. £6.95
PRODUCTION PROGRAM: P8000 BBC Sound & Graphics...... . €795 | SPECIAL OFFER >
P8000 prowvides reliabie gang programming of up to 8 EPROMS | Creating Adventure Programs £6 95
simultaneously with device sizes up to 16k x 8 bytes. Devices | Discovering Machine Code.. ............. £6.95 | ;539 £350 27128-3 £18
supported range from 2704 to 27128 in single and three rail ver- | Structured Programming ......... y £6.50 | 573, £3.50 4164-2 £4.50
sions. Simple menu driven operation ensure easy eprom [ TheFriendly Computer Book BBC £450 | 5 - i 6116P-3 £3.50
! . ) . h & 2764 25 £5 .
selection and reliable programming In minimum programming | Beyond Basic BBC. S — £7.25
times. £695 + £6 carriage
=
CONNECTOR SYSTEMS
RH LIGHTPEN: 1.0. CONNECTORS | JUMPER LEADS AMPHENOL RIBBON
The Acorn-approved superor design, with a pro- (Spesdblock Type} 24" Ribbon Cable with Headers
grammable ‘push tip’ switch. status indicator LED Noof Header Recep- Edge Tond 1’4-gm ‘ngm 24 pin 40 pin CONNECTORS CABLE
and aninlerface box. S lied lete wi ways  Plug  tacle  Conn en 45p  165p 240p 350p . .
manual, full soﬂwar; anudpga:sicijoenr:ﬂ%epsjgrg%s }8 132" 1;? }ggg EEES 210p [230p/i34%e ({3300 i?)i\:\i{(dvyfglzl;; Cemvonl(:sm%a{riilgesl e
Colour graphics programs will be availabte 26 1752 1502 240p 24" Ribbon Cable with Sock ) . . 10-way 40p
separately £39.50 3 2000 160p  320p 2)07‘ ablewthSoukaty 36 way socket Centronics Parallet ‘zg_wav ggn
40 220p 190p  340p 1end 1sgm 7;08"y ‘2488‘” 4;)08”y poldurEssn JDCIES=20 25&3 1205
- h 50 235p 200p  390p 2 ends zgoz 3702 4302 5252 24 way plug IEEE S()Ider'{gc b aze %.wav }%P
b -way p
SMARTMOUTH D CONNECTORS = R’\‘;’l"‘);g:h'” with D ?“"" 24 way socket IEEE Solder £5 ngg: ;gg:
b A , N -way Male male 550
The ‘infinite vocabulary’ self-con- I e i i
tained speech synthesiser unit. Uses J ma.e
v 5 18 byt Y d - ROM Solder  80p 105p 160p 250p RS 232 JUMPERS EURO EDGE
only >- yles per wor no S W Angled 150p 210p 250p 365p 125-way D) CONNECTORS
required — simply plugs Into the user FEMALE 24" Single cnd Male oo | M ol P CONNECTORS
ort (Has AUX AUdiO out ut Skl ) Solder 105p 160p 200p 33Sp ZANSmgluund Fuemnale £5 25 ! 617/ |6‘I‘)“ {65 . .
WP - A " . p oL Angled 165p 215p 290p 440p 24" Fe~-ale-Femate £10.00 21 way 1709 170" 0.1 0.156
Supplied with Demo/Development | Hoods 90p 850 sop 100p | 247 Male Maie e |‘>1NW4’1V¢'1/ P = ;%Wwav = 140p
programs and simple software in- JDCI25 ey pllg 388 Dork o Ea0n — . 2 way St P 2209 275 zi%gm 1?2: dep
structions, £37 + £2p. & p. TEXTOOL ZIF 2o way Ang P 2750 3200 | 5595 ay 25p  220p
SOCKETS 24-pin £575 DIL HEADERS o T A/{‘m’)“?"m 332'; 328: 2> 28-way 1%0p -
28-pin £8.00 40-pin £9 75 Sulbder Type 18 Lype 1x43-way 260p =
14pin 40p 100p 2x43-way 365
NEW COMPREHENSIVE CATALOGUE AVAIL- DIL SWITCHES Jeoin o o TEST CLIPS 1 77-way soo::
ABLE — PLEASE SEND FOR PRICE LIST 4-way 70p B-way90p | 40pin 200p 2259 14 1 2759 16 pn€3 | 5100 Conn 500p
6-way 85p 10-way 140p a0 pin £6
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ER 74259 7 2
4259 asare LINEAR ICs

7415279

7400 | 714273 4 FMH, UHF 375
7401 aze e AD7581  £15| LM331AN 180p | SAD1024A ; §197:8  90p | uMHg OHF
7402 74278 7405390 ) ADC0808 990p | LM382 120 1150p ) 8115956 120p 450p
7403 24279 405292 ANTO" LM386 SFF96364 BOOp | 1802CE  650p1 8288 811587 8 120p
7404 74283 7405293 6o | AYY . LM387 SN76488 500p | 2 €12 g756 CRTS027 €18 PTrIgl CRYSTALS
7405 74285 7405295 p | AY3 LM389 SN76489 400p 2907 CRT503/ €18/ g 2200 |32 768 Kriz
7406 74286 7405297 AY3.1350 350p | LM391 SN76495 400p 9902 €3 | CRIEMS €91 g5 160 (Yo
7407 74230 7415238 07 : AY3.8870 400p v SPO266AL2 TMSa500 €14 | EE9364  £8) yNasoF w 350p .
7408 74293 745293 Av3.8912 500p £19 TMSG911 €16 | prgyg  cag| <N4JRL N 350p (200 KHE
7409 74298 7418321 AYE-3600 600p 5 TA7120  150p 280P10  250p | Mcesan  esop| N4 Feam 1t Mz
7410 74351 7405323 200p 6 160p ZBOAP10 280p BahSF :£9
411 74365A 74LS324/674 150p £26| ZBOCIC 250p R 7
7412 74366A CA3019A 80p 90p . £48| ZBOACTL 280p
7413 74367A 7415348 CA3028A 120p 150p 350p| ZBOADARI
7414 74368A 7418352 CA3046  70p ‘0 150p 300p 700p
7416 74378 7405353 CA3048  220p 250p| Z80ADMA
7417 74390 7418356 4 40, 350p 350p P
7420 74393 p | 7415363 180p £22] 280si0.1:2 €9
1 74430  120p | 740S364 180p Top
7423 TaLsTecn Sep gl el ooy TaAgso EERLE N 11 EMORIES
7425 741500 7453674 36p CAI090AQ 1CA210 IMSTeON el oM (e TR0, fasap
7426 741801 74L5168A 36p 3 1CA220 TNEgog0  £22| #Vov 3 AD558CJ 776p
7427 7405373 120p CA3130E  90p 2 TCA270 WDE5 . 1450p| 2192 ADSE1J  £20
7428 p 7415374 120p CA31301 TCAS40 787867 112450p] 21078 AM25510 350p
7430 7415375  80p CA3130E TCA965 280 250p| 3112590 AM25L52521
7432 74(S377 120p CA3140T TDAI00SA €4 750, 300p| 211420 200p
7433 74(5378  85p CA3160E IDA1003 Z808 e11! >rvaal AM26L531
7437 7415379 120p g CA3161E TDAY010 2147 4 125
7438 7405390 75p CA3162E TDA1022 SUPPORT 256K DRAM AMZ6L532
7439 7408393 120 CA3189E IDA024 DEVICES SEPITATI 1250
440 7415395A 100p CA3240€ IDANIO 411620 CHARACTER
7 CA3280G 2651 41183 450 >
7442A ;ﬁgigg 20 D7002 TDA2003 21631571 GENERATORS
7444 7415465 DAC0B00 TDA2004 9164-15 RO3-2513
7445 7415466 DAC0808 IDA2006 aivere : uc 7508
7446A P | 7405467 DG308 TDA2020 453220 LC 700p
7447A ; 7415490 HA1366 MB3712 TDA7000 481643 DMB6S64  £12
7448 2 7418540 HA1388 M83730 TLO6ICP /55 DS8B32 MCe6760 750p
7450 4 74L5541 ICL7106 MC1310F TLO62 £ DS8833
7451 2 74LS608 ICL7611 MC1413 TLOG4 b DSBH36
7453 7415610 ICL7650 MC 1458 TLO71 ! DS83s KEYBOARD
7454 7415612 ICL 7660 MC1493 1L072 45 DS8850 ENCODER
7460 2405624 ICL8O38 MC1485( TLO74 LF13201 4F
7470 7415626 ICM7217 MC1496  70p |TLOB1 MC1a58 AYS 2376 950p
7472 2415628 ICM7555 > | MC3340P TL082 k MC1489 p | 74C822  S00p
7473 7415629 ICM7556 MC3401 TLO83 MC3418 950p | 74C923N 500p
7474 741542 7415640 LC7120 MC3403 Tios4 o MC3446 250p
7475 p | 74L547 2415640 LC7130 MFI10CN TL0O94 2 M(3459  450p BAUD RATE
7476 740548 7415641 LC7137 MK50240 TLi70 S0p MC3470  650p | RFILEAOEE
7480 741851 ( 7403642 LF347 MK50398 TL430C  70p MC480 850p
7481 741554 a0p |LF351 ML320 0p | UA1003 3 935p MC3a96 500p | MC13411 700p
7482 741555 k : MM57160 620p | UA2240  120p MC3487 300p | COMBE! 16 800p
7483A 7405734 MN6221A 600p | UAA170 170p 745188 140p | mCaoza 328p | 17078
7484A 74LS74A y E531  140p | ULN2003A 75p 745287 2000 | mcapas 325p
7485 74L575 NES44  190p | ULN2004 75p 745288 1409 | MC1a412 T50p
7486 74LS76A op NE555  18p | ULN2068 290p 745387  225p | 75107 20
7489 741S83A 45p | ULN2802 200p 745473 4759 | 75110/12 160p | AV 7 10'O%, MCG818P 55
74904 5, 741585 30] 25p 420p | ULN2803 200p 7511415 160p 300p MMSBWAANDP
7491 p | 74LSB6 4sp 1200 | ULN2804 2000 T 75121727 140p | AV 50130 300p
74924 741590 LM308CN 75, 155p |UPCS75 275p 300p
7493A 741591 LM310 1203 UPC592H 200p ggg;so _3"5183 i 120; OB 300 MSM5832§§0
7494 74592 7415687 LM311 70p UPC1156H 2564 600p IM6402  360p P
7495A 740593 (M318  150p €3 2708 300p LBUGNZ k80w
7496 60p | 74L595B LM319  160p 60p | UPCT185H 2716 250p ZIF SKT TELETEXT
7497 741596 74500 LM319N  160p £5 2712830 €18 DECODER
74100 7415107 ' LM324  30p XR210 2732 350, L ITEXTOOL) SAA5020 600
8104 ZACSI0Y o g LM334Z  90p XHa206] fe00p 2732A.35 450p 24pin B78p| SAA5030 700p
74105 7415112 (M3352 140p | NESS53aAP XR2211 o 28 pi 5 5
74107 7418113 B LM339  40p | PLLD2A p | XR2240 %;?gazgs 52‘1’5 BT35/6 900 | 40 bin gggp gxgggé sgsﬁ
74109 7405114 32 P LM34B  65p | RCA4136 %zAMC ' L
74110 7418122 LM358P 60 S566B 225 419 i
94111 7408123 120p p (M377  225p | SAAI900 €18 | ZN423E LOW PROFILE SOCKETS BY Tl WIRE WRAP SNCKFTS BY Ti
74112 7408124/629 50p LM380____75p SNazoc 8 9p 18pin 16p 24 pin 24 3
74116 150p 2 pin 8p pin 16p pin 24p 0p 18 pin 24pin 75
74118 7415125 | VOLTAGE REGULATORS Mpin 10p  20pin 18p 28 pin 26p l4pin 42p 20pin g ZBgm 1003
74119 74L§ 126 o0p | FIXED PLASTIC ¥pin 1p 22pin 22p 40 pin 30p 16pin 45p 22pin 78p 40 pin 130p
74120 7415132
. re 408139 38 BFRY6  180p | TIP32C 2N3054  §5p | 40595 1;” TRIACS
74122 7415136 8FX29 40p | 1P3sA 2N3055  8Op | 40673 i
74123 7415138 BFX30 27p | TIP33C 2N3442  140p | 40871/2 16¢p ASTIC
74125 7415139 BFX84/5 40p | TIP34A p | 2N3553  240p
74126 -~ 7405145 27p | TIP34C 2N3584  250p
74128 74L5147 TIP35A 2N3643/4 a8p
74132 7405148 P ZNA234E Xes ;I;agg 2N3702/3 10p
74136 7415151 1P3 2N3704/5 10
74131 7405153 5V 100mA 78L05 30p 79L05 TRANSISTORS TIP36C 2N3706/7 105 951
74142 7405154 6V 100mA 78L06 30p AD161/2 TIP41A P .m 4 P
74143 - 74L5155 8V 100mA 78L08 30p BC107/8 TIPatC 12A 500V 105p
74148 7405156 E 12V 100mA 78L12 30p 79L12 45p 16A 400V 220p
74145 7418157 15V 100mA 78L15 30p 79L15 BSX19/20 24p b BV aka00 A2P | 16A500v 130p
74147 7408158 | OTHER BUY04  225p 30p | oaast300 200 | 128000  130p
74148 74L5160A 5 BU105  190p 2N3802  700p | Gagosg; 95| HC206D 60p
74150 1 74L5161A ; BuU108  250p 2N3964  15p | i ah| Tic226D 75p
74151A p | 74L5162A LM309K 1A 5V 140p 78P05  900p BU10S  226p 2N3906  16p | )a500 sp TIC 246D 110p
74163 p | 74LS163A 748174 LM317K T03  250p 78H12  880p Bu126  150p 2N4038  88p | jao0) ,o‘,’
74154 7415164 245175 5 LM3177 100p 78HGKC 600p BUYBOA 120 p | 2N4037  88p | Paz M v nSTORS
74155 74LS16%A T5p | j.cigs  1s0p LM337T 225p 78HOSKC 850p M4123/4 2P | Inaye ,:
74156 74LS166A 120p | 742104 LM323K 3A 5V450p 78GUIC  200p p INIZS/6 27D | 1ngiag 4| JA0OV  4sp
74157 7415168 140p | 743195 LM350T 350p 79GUIC  225p 2N440173 26p | uo0cd . gP | BA 60OV 180p
74159 Dp | 74LS169 110p | 745198 LM723N 30p 79HGKC  700p p 2Na427 - 90p | anaddsrs @R | 12A 400V 160p
a180 24L5170 100p | 755725 TL434 300p ICL 7660 250p ! 2Na871  s0p | (na003/F 8P| 16 100V 180p
74161 | 74LS173A120p | 545220 2509 TL497 300p LM305AH 250p p 2N5087  27p | 1N9098 7; 16A 400V 180p
74162 7415174 60p | 745241  36ap 78540 225p SG3524  300p NSO89 27p | 1Nsa0r2 1ap
74163 7418175 745244 OPTO ELECTRONICS e INS172 270 | INsag3/4 14p
74164 7415181 748991 ! 2NS191 90D | \N5agars 14p
74165 75p | 7415183 745287 2N5777  agp | TIL32 55p 5245 40D | 1NZi0007 199
74166 7405190 745958 OCP71 TIL78 55p N5401  80p | 930 H4
74167 7415131 745260 ORP12 TIL3TA  120p 30p
74170 7405182 748261 ORP60 Tii81 90p 60p 60p
74172 7405193 745283 ORPEY  120p | TIL100  75p e 27X 36p
78173 TaCs1584 745299 OPTO ISOLATORS 2500
4L5195A 743373 ! 30p RIOGE ]
74175 7405196 60p | 743374 ILD74  130p EITIR  BRIOGE M0
74176 7415197 MCT26  100p | TILIT1 - 70p i @l RECTtRITRS RELAYS
74177 7415221 MCS2400 190p | TIL112  70p 65p
74178 7405240 MOC3020 150p | TIL113  70p 190p 1 60r 12V DC
74179 7405241 ILQ74 180p| TIL1'E 70 130p O R
74180 7415242 ) 65p A 80,
74181 7405243 END3S7  120p 100p DC - eop
74182 7418244 0.125" FND500  140p 2N113172 150p S
74184 7415245 TiL209Red 10p | FNDSO07 140p 2N1613 90p 24V DC
74185A 7415247 T2 Gr 12 MANA640 200p NI 150p 240V AC 200y
74190 7405248 TIL212Yel 15p | MANBS10 2500 2iNzjo? P 80p Sor12vDC ©
74191 7415249 NSB5881 570p | 2N2160 200p Coil SPDT 104
74192 740525 6|02 e R 2N2219A 160p TSIne
74193 p | 7415253 TIL220Red 10 2 200p
74194 7415256 200p 123 T:'—32’/3 IN2369A 200p 240V AC  225p
74195 7415757A 45p 15p| J1330 2N2484 120p
74196 74LS25BA 45p Rectangular oore 2N2646 120p oy -
74197 7415258 LEDs {R,G.Y) 30p| Bararaph 225p 2N2904/5 25 110p 2 7v-33v
74198 74L5260 AN e B 2N2906A 3N201 110p
74199 7415261 2N2507A 3N204 - 200p W
74221 7415266 DL704 140p | 9368 250p | B 2N2926 40290  250p
74251 7418273 DL707 Red 140p | 9370 300p | BFR80/1 TIP32A 2N3053 40361/2  75p

~g v . ~ PLEASE ADD 40p p&p & 15% VAT
TecuNoyaric Lt BADTaadait 18
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 IED Orders from Government Depts. & Collegeset: +<! ~me
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)
305 EDGWARE, ROAD, LONDON W2

. . . ‘
Detailed Price List on request. ‘ A 'l
Stock items are normally by return of post ]
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Help your computer to find its voice, with the ETI Mini-Mynah.
Teach it words, phrases, sentences or even short stories —then
have it repeat them back to you with a single command.
Design, development, and awful name by Phil Walker.

he ETI Mini-Mynah is a
T speech generator with added
extras — 100+ words of
memory, inflection, and low soft-
ware overheads are possibly the

most important.

At the heart of the system is a
General Instruments SP0256-AL2
speech processor IC. This is an
NMOS LSI device, containing its
own microcontroller, ROM, digital
filter and pulse width modulator.
The main attractions of this device
are that is does not require vast
amounts of data to produce
understandable speech, it is easy
to interface with other devices, its
vocabulary is not limited, and it is
available to the hobbyist.

The device uses allophone
speech synthesis, which means
that is provides for the generation
of 64 basic speech sounds (includ-
ing five silences!) from which an
unlimited number of words can be
assembled. This, however, has the
disadvantage that you have to
work out exactly which sounds
you need to generate to make the
words you want to say — more on
this later. Other versions of the
SP0256 have more, different allo-
phones.

The on-board 2K of RAM can
store up to 2048 allophones,

-which can be in groups of up to
255 in length. The memory is set
up by one program, which can
then be deleted or over-written.
To call up an allophone group
thereafter requires only a single
instruction within the program —
the computer can then get on
with other tasks while the sound
generator churns out the vocals!
However, reproduction is not
limited to the set utterances
stored by the initial program —
individual words, phrases, parts
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of sentences can be picked out
by single commands, and re-
produced in any desired order;
Just because a group of allo-
phones were entered together,
they do not have to be
reproduced together,

The Circuit

The circuit consists of a 2K
block of memory, a speech
generator chip, clock generator
and output filter together with
some control and interface de-
vices.

The main requirements of the
system is that data can be put
into the memory (and read from
it) under control of a common
home computer. Having placed
the required data in the memory,
it is then possible to select a
block of data by defining its start
address and length. This data
block will then be read by the

Mini-Mynah.

speech generator to produce
words, phrases or complete sen-
tences without further action by
the controlling computer.

During the design stage, it
was noted that only six bits are
required to specify one of the 64
allophones provided by the
SPQ256. For this reason, and
because it providesa TTL com-
patible square-wave output, it
was decided to use a 7415624
VCO to provide the clock
frequency for the speech
generator; the two spare data
bits from the normal eight-bit
word are used to provide a four-
level control voltage for the VCO.
This has the effect of varying the
pitch of the reproduced speech
as each allophone is being rep-
roduced. The rate of change of
the control voltage is slowed
down by a large capacitor to give
a smooth final result. Adjustment
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of the ‘normal’ pitch and of the
degree of pitch variation can be
made on tﬁe board. Additionally,
a VCO is rather cheaper than a
crystal!

For the following discussion
we will assume that the 2K
memory block is normally acces-
sed in the address range 8192
to 10239 (decimal) for normal
read and write operations and in
the range 10240 to 12287 (deci-
mal) for control functions (2000,
to 27FF, and 2800, to 2FFF,,
respectively).

By reading and writing from
and to addresses in the range
8192 to 10239 the RAM can be
loaded with data representin
the sounds to be made. The data
consists of bytes of eight data
bits in which the lower six select
which type of sound is to be
made while the top two affect
the pitch of the preceding

allophone, This slight incon-
venience is causeg by there
being no latch on the upper

two data bits (this would have
necessitated an extra chip had it
been included).

In order to start a particular
data string being rendered into
speech, 2048 (decimal) is added
to its starting address and a byte
representing its length is written
to the resulting address. When
this has been done the speech
generator will read out the data
string in sequence and generate
the required sounds. This pro-
cess will continue until the full
number of bytes has been dealt
with without any further inter-
ference by the controlling com-
puter,

What actually happens is that
the write operation loads the
address counters with the lower
11 address bits and the byte
counter with the data on the
data bus. After this operation the
speech generator chip is en-
abled and generates the clock
and loading signals by interac-

tion with the byte counterand a

simple gate circuit until the byte
counter reaches zero. At this
point the operation will stop.

If for some reason the con-
trolling computer needs to know
the current status of the unit (i.e.
whether it is still talking or not)
this can be done by a read
operation to any address in the
range 10240 to 12287 (decimal)
and testing the state of data bit
7. This will be high for busy or
still talking and low if the Mini-
Mynah is ready to accept a new

ETI FEBRUARY 1984

command. Note, however, that a
false result may be obtained
when the last byte is being pro-
cessed as the byte counter will
be zero before the speech
generator has finished sounding
(this will not cause a problem if

PROJECT

the last byte was a pause).

We have not shown a power
supply or audio amp for this pro-
ject as there are so many simple
circuits available. A power sup-
Ely of 5V at about 300mA should

be adequate.

PROGRAM LISTING

20 LET K=16514
30 FOR I=0 TO 50
40 PRINT I+K

50 INPUT A

70 POKE I+K,A

- 80 PRINT PEEK (I+K)
90 NEXT I

100 FOR J=0 TO I

150 POKE 10240,1

170 GOTO 150

10 REM (50 or more characters to take data)

. 60 IF A>255 THEN GOTO 100

110 POKE 8192+J, PEEK (16514+J3
160 IF PEEK(10240)>127 THEN GOTO 160

Fig. 2 Example program for the ZX81.

HOW IT WORKS — PROGRAM

Line 20 sets pointer to data storage
start in the REM statement. Lines 30 to

90 take in up to 50 bytes of data and
store it in the REM statement. The
address at which each byte is to be
stored is printed on the screen as is the
content of that address after the opera-
tion is complete.

The process can be stopped by
entering a number greater than 255.

Lines 100 to 120 transfer the data
from the REM statement to the
memory in the Mini-Mynah. After this,
line 150 writes the number of bytes in
the data string just loaded to the start
address +2048. This action triggers
the Mini-Mynah to speak ‘the equiva-
lent of the data string as a string of
sounds.

Line 160 tests the status flag and
only allows the program to continue
when the Mini-Mynah signals that the
data string has been processed. Nor-
mally line 160 would come before line
150 and other actions would be
undertaken by the computer while the
Mini-Mynah was speaking (hint —
type line 10 in last).

Here is data for a surprise message
(don’t worry, it’s not rude!)

4, 155, 135, 173, 15, 117, 132, 4, 216,
70, 131, 26, 154, 80, 67, 18, 143, 79,
67, 19, 196, 13, 19, 132, 24, 134, 67,
16, 76, 129, 139, 211, 3, 16, 216, 134,

Note that although only 64 allo-
phones are available from the basic
chip in the Mini-Mynah we have
added circuitry which affects the pitch
of the reproduced speech. This is
activated by the two MSBs of the data
byte and is shown in the data by add-
ing 9,64,128 or 192 to the allophone
number in the range 0 to 63. Be aware
also that the MSBs of one byte affect
the pitch of the preceding allophone
not the one to which it Eelongs. To
illustrate the effect of not using the
pitch inflection, either turn the presets
on the PCB to the set-up positions or
subtract 64,128 or 192 as necessary
from the data bytes and run the pro-
gram again.

The ZX81 program will run on the
basic 1K machine and you should
have no problem saving it once you
have input the data so that you can
store phrases and re-enter them. With
16K + machines or other systems, you
will probably find it easier to store the
data in arrays or data statements as
appropriate.

Interfacing to the 16K or 48K Spec-
trum should, in theory, be quite simple
(but we have not tried it yet) and a
possible location in the memory map
would be right at the top. Make sure
that the area occupied by the Mini-
Mynah is not also used by Basic or
whatever high level language you use

1 Million

Six 55/SS/IH/IH/PA3/KK2/SS
{Seven  SS/SS/EH/EH/VV/IH/NN1

Eight  EY/PA3/TT2

Nine  NN1/AAJAY/NNT

Ten TT2/EH/EH/NN1

Eleven  IH/LL/EH/EH/VV/IH/NN1

Twelve  TT2/WH/EH/EH/LL/VV

Thirteen TH/ER1/PA2/PA3/TT2/1Y/NN1
Twenty TT2/WH/EH/EH/NN1/PA2/PA3/TT2/IY

Thousand TH/AA/JAW/ZZ/1 H/PA1/PA1/NN1/DD1
MM/IH/IH/LL/YY1/AX/NN1

Hundred HH2/AX/AX/NN1/PA2/DD2/RR2/IH/IH/PA1/DD1 57,1

184,115 on your system.
Word Allophone Code (decimal}
Zero ZZ/YR/OW 43,60,53
One WW/AX/AX/NN1 46,15,15,11
Two TT2/UW2 13,31
Three TH/RR1/1Y 29,14,19
Four FF/FF/OR 40,40,58
| Five FF/FF/AY/VV 40,40,6,35

55,55,12,12,2,41,55
© 55,55,7,7,35,12,11 .

20.2,13

11,24,6,11

13.7,7.11

12,45,7,7,35,12,11

13,48,7,7,45,35

29,51,1,2,13.19,11

13,48,7,7,11,1,2,13,19
5,15,11,1,2,33,39,12,12,0,21

29,24.32/43,12,0,0,11,21

16,12,12,45,49,15,11

Table 1 Some useful words as allophones.
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Speech Synthesis

The spoken word is a very
effective way of communicating
information in small quantities to
and from humans. For many
years and for many reasons
people have been trying to imi-
tate the sounds of speech. Early
attempts used collections of
(mechanical) valves, pipes,
resonators and noise sources
which were thought to approx-
imate to the human vocal tract.
Later on these models could be
implemented electronically
which greatly eased the control
problems.,

Another system of making
machines talk was also tried in
which short sections of actual
speech were preserved in some
recording medium and played
back in t%e sequence required. A
notable example of this type of
machine was the GPO (as it was
then) speaking clock, TIM. This
started life with the phrases
recorded on glass discs.

With the boom in popularity

enjoyed by the home computer
has come the demand for
speech synthesis systems which
allow them to communicate with
people. This can be done rela-
tively easily by recording words
and phrases in digital form (PCM

— pulse code modulation) and

playing them back on demand.
The trouble with this is that to
get good quality speech re-
quires typically 70,000 bits of
data per second. Methods have
been developed which reduce
this requirement (for example,
LPC — linear predictive coding)
by predicting what happens next
partly from what has gone be-
fore, but even here the data rate
is of the order of one to two
thousand bits per second.

The first two methods des-
cribed often have the feature
that speech is available only in
pre-set words or phrases; this of
course makes them easy to use
but on the other hand sets a limit
to their applicability. Also, while
memory devices are getting

cheaper all the time, they take
up space and consume power.
The allophone method
breaks down speech sounds
into individual components, so
that a word such as ‘zero” would
have its sound broken into three
parts — one for the z sound, one
for the er sound and one for the
0; the individual speech compo-
nents are called allophones.
There are a very large num-
ber of potential allophones, as
many different sounds as the
human voice can generate!
However, for any one language,
the number of sounds used (or,
rather, the number of dis-
tinguishably different sounds
used) is relatively small. In this
case, it is necessary fora
speech synthesiser to be told a
reference number for each of
the three or more allophones
it has to produce per second,
and this reduces the bit rate to
around 100 bits per second.
However, the allophones them-
selves are fairly complex, so

24

Sound Type Symbol Code Duration Example

Silences /PA1/ 00 0 10ms
/PA2/ 01 1 30ms
/PA3/ 02 2 50ms
/PA4/ 03 3 100ms
/PA5/ 04 4 200ms

Short vowels JIH/ oC 12 70ms st
JEH/ 07 7 70ms End
JAE/ 1A 26 120ms  hAt
/UH/ 1E 30 100ms bOOk
/AO/ 17 23 100ms AUght
/AX/ oF 15 70ms sUcceed
JAA/ 18 24  100ms hOt

Long Vowels Y/ 13 19 250ms  sEE
/EY/ 14 20 280ms trAy
JAY/ 06 6 250ms  kite
/0Y/ 05 5 420ms vOlice
/UW1/ 16 22 100ms tO
/UW2/ 1F 31 260ms fOO0d
/OW/ 35 53 240ms zOne
JAW/ 20 32 370ms  dOWn

R-coloured vowels /ER1/ 33 51 160ms  lettER
/ER2/ 34 52 300ms fERN
/OR/ 3A 58 330ms fORtune
/AR/ 3B 59 290ms alARm
/YR/ 3C 60 350ms hEAr
/XR/ 2F 47 360ms stARe

Resonants /WW/ 2E 46 180ms We
/RR1/ 03 14 170ms Read
/RR2/ 27 39 130ms cRane
/LL/ 2D 45 110ms Like
JEL/ 3E 62 190ms angLE,
/YY1/ 31 49 130ms cUte,
/YY2/ 19 25 180ms Yes

Notes '

These vowel sounds
can be doubled to
lengthen them.

(See also /WH/)

squirrEl
compUter (Y-sound)

Table 2 The allophones that the sound generator IC used offers.
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what is needed is a table where
the generator can‘look up’ the
composition of the allophones it
is being required to produce.
The data that is sent to the
speech processor is not, there-
fore, the actual allophones them
selves, but the address (or a
pointer to the address) of the
code for the allophone, which is
stored within the device itself.

The device used here does
not use PCM or LPC, as these
systems would still require a
very large amount of stored data.
The data is actually used by the
on-board processor which
controls noise sources and fil-
ters, as well as the basic tone
generators. The quality of
speech produced is not as good
as PCM or LPC systems, but it is
quite intelligible.

The device used is the
SP0256-AL2 which provides us
with a set of 64 allophones. This
imposes some restriction on
what we can do, but this is not

it should be understood that
in a language such as English,
there is no absolute correspon-
dence between what is written
and the sounds generated when
the same word is spoken. Also, it
is often difficult to decide where
one sound finished and another
starts. To some extent the same
basic sound will vary a little
depending on its position within
a word and also on what sounds
are adjacenttoit.

When programming the Mini-
Mynah it is necessary to decide
what sounds you require rather
than the letters or words as writ-
ten. Experiment with alternatives
where they are available to get
the right sound in the right posi-
tion. Table 2 shows the 64
speech sounds available from
the SP0256-AL2. These are
broken down into groups of
similar types and are shown with
their decimal and hexa-decimal
addresses (these correspond to
the six LSBs of the data you put

The table also shows the
duration of each sound at a
nominal 3.12 MHz clock fre-
quency and gives an example or
two of the sound in a word con-
text. Notice that alternatives are
given for some sounds and that
short pauses are recommended
before some and after others to
make them effective. Try the
example words to get a feel for
what constructions are needed
in different circumstances.

Once you have mastered the
allophone set, and can produce
understandable speech, you are
ready to give it some life. This is
where the two MSBs of the data
come in. With these you can
change the pitch (and duration)
of the allophone immediately
preceding the one whose six
LSBs you are setting. By ex-
perimenting carefully, you
should be abie to make much
more natural sounding speech

rather than the monotonous, flat
sound usually associated with

too severe. into the on-board RAM). computer speech.
Sound Type Symbol Code Duration Example Notes
Voiced Fricatives /VV/ 23 35 190ms  Vest
/DH1/ 12 18 290ms  THis
/DH2/ 36 * 54 240ms baTHe
127/ 2B +43 210ms  Zoo
/ZH/ 26 38 190ms pleaSure, aZure
Voiceless Fricatives /FF/ 28 40 150ms  Food These allophones may be
/TH/ 10 29 180ms  THin used doubly for initial
/SS/ 37 55 90ms  veST or singly for final positions.
/SH/ 25 37 160ms  SHip
/HH1/ 1B 27 130ms He
/HH2/ 39 57 180ms Hoe
/WH/ 30 48 200ms  WHig (see also /WWY/)
Voiced stops /BB1/ 1C 28 80ms riB
/BB2/ 3F 63 50ms  Beast
/DD1/ 15 21 70ms  enD Usually need 10-30ms
/DD2/ 21 33 160ms  Down silence preceding these.
/GG1/ 24 36 80ms  Guest
/GG2/ 3D 61 40ms  Got
/GG3/ 22 34 140ms peG
Voiceless Stops /PP/ 09 9 210ms  Pow
/TT1/ 11 17 100ms  parTs
/TT2/ 0D 13 140ms To Usually need 50-80 ms
/KK1/  2A 42 160ms Can't silence preceding these.
/KK2/ 29 41 190ms  speak
/KK3/ 08 8 120ms  Crane
Affricatives /CH/ 32 50 190ms CHurCH
/JH/ 0OA 10 140ms  JudGe
Nasal /MM/ 10 16 180ms  Milk
/NN1/ 0B 11 140ms  thiN
/NN2/ 38 56 190ms No
ING/  2C 44 220ms aNGer

Table 2 continued.
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PROJECT

PARTS LIST

Sound Board

RESISTORS (1aW 5% carbon film)
R1 220R

R2 4k7

R3,4 3k9

R5,6,7,8 1k0

R9 15k

R10,13,14 33k

R11 10k

R12 100k

RV1 22k lin min. horiz. preset

RV2 10k lin min. horiz. preset
CAPACITORS

1l 10uF 25V tantalum bead
Q@ 68pF

C3,5,6 22nF

C4 100nF

c7 220pF ,k

Cc8 100uF 16V axial electrolytic
9-24 47nF ceramic

SEMICONDUCTORS

IC1 741502
12 7415138
IC3 741510
IC4 7415125
IC5 6116
1C6,7,8 7415193
109 7415245
IC10 40103
IC11 SP0256-AL2
1C12 7415624
IC13 7415122
Q1 BC212L
D1 1N4148

MISCELLANEOUS

34 PCB plug plus socket; ribbon cable
to suit; PCB mounting screw terminal,
2-way; 1C sockets; PCB; wire, etc.

OUTPUT

5V SUPPLY
*VE --VE
A

b

A

]

®

® = WIRE LINK OR
COMPONENT LEAD
SOLDERED BOTH
SIDES OF BOARD

C* = SUPPLY DECOUPLING CAPACITORS

(C9-24); ALL THESE HAVE LEADS SOLDERED

TO BOTH SIDES OF PCB

RD

MREQ
ROMCS

ov

4
A12
A10

A8

A6

Ad

A2

AOQ

ov
Do

D1

D2

D3

ETI
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electroriie AUTO'EI.ECTRONIC PRODUCTS

KITS OR READY BUIT

TOTAL ENERGY DISCHARGE ELECTRONILE |
ELECTRONIC IGNITION ELECTRONIC CAR ALARM

YOUR CAR
AS GOOD AS IT COULD BE ? HOW SAFE 1S YOUR CAR ?

* Is it EASY TO START in the cold and the damp? Total Energy More and more cars are stolen each week and even a steering lock

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.

Has it PEAK PERFORMANCE or.is it flat at high and low revs.
where the ignition output is. marglnal7 Total Energy Discharge gives
a more powerful sparkfrom idle to.the engines maximum (even with
8 cylinders). ]

Is the PERFORMANGI SMO(ﬁ'H Th‘e: more powerful spark of
Total Energy Dlscharge‘“ellmlnates thawnear misfires” whilst an
electronic filter smoothes out the effects 6f contact bounce etc.

Do the PLUGS and POlNTS*ﬁiways neé@d changing to bring the
engine back 16 its best? Total Energy Discharge eliminates contact
arcing and eros;on%y tamoving the heavy electrical joad*¥he timing
stays “‘spot on'’. and the contact condmon doesn’t«affect the
performance either. Larger plu gaps can be used, even wet or
badly fouled plugs can be t tired ith thisgystem.
TOTAL ENERGY DISCHARGE /8 a unique system and.the ‘most
powerful 'on the market's 3 ¥itimes the power of inductivk systems -
3% times the shergy and3 times the duratien.o ot ordinary. cap?’cﬂhle
systems. Thess are the facts:
Performance at only 6 volts {max. sugiply 16 volts} )
SPARK POWER . — 140W; SPARKENERGY — 36mJ
SPARK DURATION — 5@;18 STORED ENERGY — 135mJ
LOADED OUTPUT, VOLTAGE

50pF load™ 38kv, 50pF + 500k -— 26kV
We challenge any manufacturer to publish better performance
figures. Before you buy any other make, ask for the facts, its
probably only an inductive system. But if an inductive system is.
what you really want, we’ll still give you a good deal.
All ELECTRONIZE elsctronic ignitions feature:
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, STATIC TIMING LIGHT and DESIGNED IN
RELIABILITY (14 years experience and a 3 year guarantee).
IN KIT FORM it provides a top performance system at less than half
the price of comparable 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 everythmg needed to build and fit to your car. All you
need is a soldering iron and a few basic tools.

seems little help. But a car thief will avoid a car that will cause him
trouble and attract attention. If your car has a good alarm system-
well there are plenty of other cars to choose from.

é%?\'K AT THE PROTECTION AN ELECTRONIZE ALARM

% MINIATURE KEY PLUG A miniature jack plug attaches to.your key
ring and is coded to your particular alarm.

2025 INDIVIDUAL COMBINATIONS: The key plug contains two
1% tolerance resistors, bodxmus't be the sorrect value énd together
give 2025 d|fferenmomhfr’13uoﬁs

ATTRACTS m’AXﬁU’M ATTEN‘FRON Th|s alarm system not only
intermittently sounds.the, hotn, but also f|§§hes tﬁq headlight and
prevents the engine tremg started.

60 SEGOND ALARM PERU)(YOnce tnggerad f'the alarm will sound
for 60 seconds, uniess ar\golled by the key plug, before resetting
ready to be triggered again.

30 SECOND EXIT DEERY The system is armed by pressing a small
button on a dashboard mounted conttol pai}el, This starts a 30
second delay period during which -thedt “cah gpen and close
doors without triggering the.glarm. Lo e

10 SECOND ENTRY DELAY 'When a door is opened a 10 secohd
delay operates to allow the owner to disarm the system with the
coded key plug. Latching circuits are used and once triggered the
alarm can only be cancelled by the key plug.

L.E.D. FUNCTION INDICATOR An LED is included in the
dashboard unit and indicates the systems operating state. The LED
lights continuously to show the system is armed and in the exit delay
condition. A flashing LED indicates that the alarm has heen triggered
and is in the entry delay condition.

Y ACCESSORY LOOP - BONNET/BOOT SWITCH - IGNITION
TRIGGER These operate three separate circuits and will trigger the
alarm immediately, regardless of entry and exit delays.

* SAFETY INTERLOCK The system cannot be armed by accident
when the engine is running and the car is in motion.

* LOW SUPPLY CURRENT CMOS IC’'s and low power operational.
amplifiers achieve a normal operating current of only 2.5 mA.

* IN KIT FORM It provides a high level of protection at a really low
cost. The kit includes everything needed, the case, fibreglass PCB,
random selection resistors to set the code and full set of components
etc. In fact everything down to the last washer plus easy to follow

Most NEW CARS already have electronic ignition. Update YOUR CAR instructions.

fill in the coupon and send to: D Please send more information

ELECTRONIIE DESIGN Dept D - Magnus Rd - Wilnecote - Tamworth - B77 58Y - tel 0827 281000
1S D D S S D 0 G G D I D G R G 0 D 58 D NN 0 R N D N (NN (R D N S D e 0 0 G D O

TOTAL ENERGY DISCHARGE (6 or 12 volt negative earth} § CAR ALARM (12 volt negative earth)

D Assembled ready fo it £28:70°£19.95 D Assembled ready to fit (A wiresand  £8#95 £29.95
[[] DLY. pawts kit £1540 £14.95 [] DAY parts kit connectorsincl.) £2495 £19.95

E S

TWIN OUTPUT for cars and motor cycles with dual ignition | enclose cheque/postal order OR debit my Access/Visa card

Twin, Assembled ready to fit £36445 £29.95 ——— NEVNESUENENETEES
Twin,DIY parts kit £2455 £22.95 Name .

|NDUCT|VE DISCHARGE (12 volt only) Address
[[] Assembled ready to fit £1545 £12.75

Prices Include VAT £1-00 PP{UK) per Unit




h— . MAIL ORDERS: —
v apl Unit 1, Hill Farm Industrial Estate,

Boxted, Colchester, Essex CO4 5RD.
TELEPHONE ORDERS:
Colchester (0206) 36412.

YElectronics

WELCOME

The Rapid Guarantee

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

accepled from colleges, schools,

etc.

- LM339 40 LM3911 120 NES66 140 11064 96 X
LINEAR ot G0 Lol g2 PN o TLon B 0 casies HARDWARE CAPACITORS |
LM358 80 LM3915 225 5 370 TL072 45 . | PP3 battery clips .8 ] s
Showos % IS wo Wm0 G e e rid 5l et coscome | et 8 [ et 2 con
S56CMOS 150 |cL7611 95 mLM380 75 MC1496 68 PRC4136 55 pTLOB1 25 'Sg,,k r cable -op/m | Black pointer controt knob 15 60 0.047,0.068,0.1 - 7p: 0.15
7 25 CL7621 180 MLm3gl] 120 MC3340 135 PRC4558 40 T082 45 S:)end:,dcacreened 162/"\ Pr Ultrasonic transducers 390 | o 7'7:9,,.'0 33.047- ,3',' 0.68 -
»741 13 icL7622 180 LM382 120 MMFIOCN 350 SL4BO 170 Troga g0 [l Fandarcscre 24pim | 6V Etectronic buzzer 60 | 20p: 1u - 23p, o
748 35 ICL803B 295 m3g4 130 ML922 400 SL4S0 280 Tiiv0 so fl ,hn sereened e P12V Electronic buzzer 65 | Electrolyric 1 ; 3
9400C.) 350 2 5A 3 core mains 23pim ctroni lectrolytic, radial or axial leads:
ICL8211A 200 | m386 90 ML924 195 5L76018 150 UA2240 120 0 i [ 26p/t »PB2720 Piezo wansducer . 75 | 0.47/63V, 1/63V, 2.2/63V. 4.7/63V.
AY3I270 720 1cWp224 785 mM387 120 mML925 210 BSN76477 380 ULN2003 70 [ 10 way rainbow ribton asore N »6amm 64 ot soesios 70 [ T0r25y <50, 22120 aa gt B3V,
AV-3BII0 370 iCM7555 80 LM393 40 ML926 140 SPB620 250 ULN2004 70 o -, i1 it 70 [ 100135y - 9. 2500350 20y 2P
AY-38912 540 BLF351 45 | m709 25 MLOZ? 140 TBA120S 70 XR2206 290 f 10 wav sery ribbon . 2811t || 20mm panel fusencrder 25 1270125 - 22p. 1060125 - 3o
CA3046 60 LF353 85 w7t 60 ML928 140 TBABOD 75 ZN414 80 [ 20 vy orey nibbon . il T et T 25V - 30p;
»CA3080 65 LF3s6 90 LmM725 350 ML929 140 TBABIO 9§ ZN423 135 R e e s
CAJ089 190 LM10 325 ;33 75 wMS387A 465 TBAB20 70 ZN424 138 REGULATORS m g end p poly v
¢ 2200/40V - 110p; 4700/40V - 160p
CA3090AQ 375 LM30TA 25 |74y 14 NES29 225 TBA9S0 220 ZN425E 350 2200163V - 1900: 4v00/00y .
CA3130E 85 LM31 50 | m747 60 NE531 140 TDA1008 320 2N426E 300 Ml 78L05 30 79105 45 | sy (22000631 min ST Gy Ao
»CA3140E 36 LM318 120 |m1g58 40 NES44 205 WTOA1022490 ZNA27E 600 30 45 Yes that's right. On ai) orcers over £15 I 11 520 3maf\7use amloE 15 7p;
CA3IBIE 100 LM324 30 (M2917 200 BNESSS 16 TDA1024 126 ZNA28E 410 30 45 | inuavewetigveyoy 10xaoricmos | 00 202,303, 4n 7. s i
CA3189 290 LM334Z 100 (M3900 45 MNESS6 45  TLOG1 40 ZN459 285 35 49 | o oosalutely FREE OF CHARGE. £ 530 200 0 30, 330n, 200,
K re val at£1 fa great deal 3 i . ' . .
PCA3240E 100 LM335Z 125 piv3o00 75 NESGS 110 Tlogo 60 ZN1034E 200 gg :g P L L e 4700 26p; 680n, 299 Tu 33p. 27,
i fer now 500,
BCS517 40 BF337 40 MPSUS6 60 2zTx108 10 2N3055 50 35| [f]| oo eade of Shicares: eitarica
TRANSISTORS BC547 7 BFR40 23 TIP29A 30 ZTX109 12 N3442 120 Sl WL e et Tantalum tead: ‘
BC548 10 HFRBO 23 TIP298 55 zTX300 14 P 2N3702 YA drdrdoieie Ariededrdoke | 0.1,0.22,0.33,047, 1.0 @35V -
AC126 30 BC149 9 BC549 10 ®BFR8) 20 TP29C 37 2ZTX301 16 2N3703 12p. 2--2.4<7._‘0@25V-20_0:
AC127 30 BCIS7 8 BCS68 10 BFX20 25 T|p30A 35 ZTX302 15 P2N3704 AGITYI 200V 8A 85 | 15/16V - 30p; 22/16V - 27p; 33/
AC128 30 BCI158 10 BCY70 18 BFXB4 26 TIP30B 50 2ZTX304 17 2N3705 400V 16A 95 175V-459.47/5V"27D,47/16V-
BACIZB 20 BC1S3 8 BCY71 18 BFX85 25 TIP3OC 37 zTX341 30 2N3706 »1N4001 3 [ 400V 4A 50 BR100 25 | 700, 68/6V - 40p: 100/10V - 90p.
AC176 25 BC160 45 BCY72 18 BFX86 28 TIPI1A 35 7Tx500 15 ;N”O; o 4 %‘.;’,'éc'mffi;‘i'?é‘..Z".l’i'ci".;iic.“'
AC187 22 BCI6BC 10 BDI1S 55. BFX87 25 TIP31C 37 ZTX501 15 2N370 g 3
A§1§8 22 BCIG9C 10 BOI3T 35 BFXBS 25 TiP32A 35 ZTX502 15 2N3700 m;’gg‘; ; JUMPER LEADS 1.8pF to 100pF Bp each,
AD142 120 BC170 8 BD132 35 BFY50 23 TIP32C 37 ZTX503 18 2N3772 NEa0 - > . [l Polystyrene, 5% tol. 10p-1000p, 6p,
AD149 80 BC171 10 BDi33 60 BFY51 20 TIP33A 50 2TX504 25 P2N3773195 INSdoa 16 | Len9th 14pin 16pin 24pi 40pin § 15i0 700 5. 8800 0042, 10p.
AD161 40 BC172 8 BD135 40 BFYS2 23 TIP33C 75 2N697 20 B 2N3819 20 1N5406 17 Sgle ended DiPtheader plugh jumper § ¢/ o0 Tt 808 series: 2-10
ADI62 40 BC177 18 BD136 30 BFY53 32 TIP34A 60 2N698 40 2N3820 400mWzen 6 24ins. 145 165 240 380 pF,22p, 2-22nF, 30p; 5.565pF, 35p
AF124 60 BC178 18 BD137 30 BFY55 32 TIP34C 85 2N706a 20 2N3823 oy zen & | Dbleended Diptheader plug) jumper
AF126 50 BC179 18 BD138 30 BFY56 32 TIP35A 105 2N708 20 2N3866 6 ins. 185 205 300 465 P ooy m
AF139 40 BC182 10 PBDI39 35 BRY3S 40 TIP35C 125 Ngig 35 2N3903 12ims. 196 215 315 490 | YT 24200 40
AF186 70 PBCI82L 8 PBD140 35 BSX20 20 TIP36A 125 2117132 22 2N3904 2ins. 210 235 345 640 | ERLEIITIPN 2A 400V
AF239 75 BC183 10 BD204 110 BSX28 35 TIP36C Iig 2N1613 30 2m§ggg ;g-ns Dé:w c2‘50 3;5 595 g: ,1,83:/, = 80
TiP4 way ONNECtor jJumpers
BCI07 10 BCIB3L 10 BD206 110 BSY95A 25 PAIA 45 IN221BA 85 §N4037 P3mmied 7 Bemmred 7 |23ear D Connectormpers 0 eAd0Oves
BC1078 12 BC184 10 BD222 85 BU205 160 TIP42 2N2219A 25 »3mm green 10 P 5mm green 10 . ' 5 1A 400V 35 200V 50
B 1o ofh S % s dm Do e e n awes o f A SRS fiet bl s e S -
Clips 1o suit - 3p each.
sciec 12 BeaaLiyio  gris | f7s) sl 1o Pz g0 N8 |28 Za06 ] Rectangolar  TIL32 L1l | comPuTER CONNECTORS 1 |pc cONNECTORS
»BC109 10 BC213 10 BF1BS 25 M) 50
8C109C 12 BC213L 10 BF194 12 MIE520 65 TIP142 98 2N2484 25 2N5457 i 12 TRE 1 a2 | 2x81 2% 23 way edge connector
BC114 18 BC214 10 BF195 12 MIES21 95 TIP147 110 2N2646 45 2N5458 vellow 17 ORP12 gs | wire wrap suitable for ZX81 PCB PC13 Socket Edge
BC1156 22 PBC214L 8 BF196 12 MJE3055 70 TIP2955 60 2N2904 20 2N5459 PTIL3B 40 TIL100 70 fadd-ons . . 150 Plug Plog onn.
BC117 18 BC237 8 BF197 12 MPF102 40 TIP3055 55 2N2904A 20 2N5485 2N5777 45 Dual colour 60 [ SPECTRUM 2 x 28 way edge St Ri ang
BC119 35 BC238 14 BF198 10 MPFI04 40 TIS43 40 2N2905 22 2N6777 Seven segnisnNibiord comnector wire-wran sunable for | o SL R ang
BC137 40 BC308 12 BF199 18 MPSA05 22 TIS44 45 2N290SA 22 2N6027 Com cathode Coransds SPECTRUM add-ons 2 16 way 130 130 110 175
BC135 40 BC327 14 BF200 30 MPSAOS 25 TISS0 30 2N2306 25 40360 oL70403" 95 0L70703" 95 | NI W way 145 135 135 195
BC140 28 BC328 14 PBBF2448 22 MpSA12 30 TIS91 30 2N2Y06A 25 40361 » £ND500 FND507 26way 175 175 150 240
8C141 30 BC337 14 B8F245 30 mMpsas5 30 VNIOKM 50 2N2907 25 40362 0 05" 100 | Grey Ribbon cable. Price per foot N34 wav 205 205 170 320
BC142 25 BC338 14 BF256B 45 wmPSA56 30 VN4GAF 75 2N2907A 25 40408 T1L31203°116 [ 10 way 14 34 way 58 lioway 220 220 150 340
BC143 25 BC477 30 BF257 32 MPSUOS §6 VNGBAF 85 2N2926 O TIL32105 118 | 16 way 25 40 way 88 logway 255 235 200 1395
BC147 8 BC478 30 BF258 25 MPSUOE 55 VNBBAF 95 B 2N3053 23 LCD: 3% digit 495p. 4 digit 520p. [| 20 wav 28 50 way 90 lgoway 330 330 230 498
BC148 8 BC479 30 BF259 35 MpsUS5 60 ZTX107 10 2N3084 55 o i " N 24 way 38 60way 100
D CONNECTORS SOLDERING [RONS RESISTORS | PCB MATERIALS _ Aluminium
9way 15 way 25way 37 way %W 5% Carbon film E12 series 4,7 | Alfac transfer sheets - please state I3x2x1” 65
Plugs solder lugs 60p 850 125~ 170p Antex CS 17W Soldering ron 495 M obm 10M . . . 1ipeach. | type lo.g. DIL pads etc | a5 | Plastic with lid  ax2%x 1% 95
Rightangle ~ 120p 180p 240p 3500 23and4.7mmbits tosurt 85 [ %W 5% Carbon film E12 series 4.7 || Oalo etch resistant pen 90 | &screws 4x2%x2" 95
Sockets lugs  90p 130p 1950 290p €S 17Wor XS 25w element . 210 f ohmtaaM7 . . . “Zpeach.” | Fibresiassboara3.75x8" g0 | 3x2x17 55 6xdx2” 120
Right angle 160p 210p 290p  440p e Lo el 525 [ %W 1% metal Fitm E24 sorie 10 Fibre glass boara 8x 12 200 | 4% x3x7%" 88 7x5x24" 165
Covers 1000 90p 100p 110p Iaenddtmmbis s oo B ohm-oim B oach Ferric Chioride crystals T00 | 7x4x2" 160 Bx6x3" 205
Solder pump desoidering tool. 480
ac34 140 4054 78 4q 12 40193 65 4528 45
g LGSR SCR :0%1\?%2 33 %Tl?ﬁéi’%‘;,’&;iﬁﬁ?& 1(733 CMOs :8:? §8 4036 249 :058 80 402; 1; 4502 60 4529 150
- 1 4018 45 4039 280 059 430 4085 48 4503 32 4532 60
T o Yoo iR Tt 400V 12a 95 25 4040 40 4060 42 40Bs 60 4507 35 4534 4c0
1o i aom % % ero | PoEn op o % ome ok i s
gon fite I Ese o e Bome o om o ER R LRO8ER B X
Imm 125 13p amm  18p 175 | BN VEROBLOC 4 g7 . 221 poss 13 | Bos Lo gz Ay g el
UHF {CB) Connectors: Size 0.1 matrix
12 4047 35 4070 13 4098 70 4515 115 4556 35
PL259 Plug 400. Reducer 14p Now your computer can talk SO0 22 75 4048 38 4071 13 4009 /0 4516 5o 4559 390
50239 square chassis skt 38p The G) SPO256 speech processor | 2.2 3.75 s 20 4049 21 4072 13 40106 40 4518 40 4560 140
502395 round chassis skt 40p is able through stored program to | 25X 5_ 95 40 4050 21 4073 13 40108 110 4520 50 4588 35
1EC 3 pin 250V/GA. synthesize speech. Allophone Ao 0 45 4051 42 4075 13 40163 60 4521 9o 4585 60
Plug chassis maunting 380 | (extended phoneme) system gives v Soosrd oo L6; 14 4052 48 4076 45 40173 100 4526 ap 4724 140
Socketffrecihanaing - - B0 I nlimited vocabulary . o 50 126 4053 48 4077 14 40175 75 4527  sg
Socket with 2m lead _120p § Eacily interfaced with any digita %‘ng.; ! ;‘ o &0
I [t 8 BEE 5 4R S OR E ooy pommw
SWITCHES nals are used to select the allo- Bin insertion 100l 162 15 L. 8 25 5 8
phones Wiring pen 330 15 Ls78 20 LS126 30 1S162 38 LS240 60 1S366 28
Submin toggle’ SPO26 . 850p.  Data.5Op | CNNOECD . 5 15 Lsas g‘:zw LS132 35 tg:gg 38 tg%:} s ngg; 2
SPST 55p. SPDT 60p. DPDT 65p. 15 LS136 28 40 2 L
Minature 1oggle 15 LSB6 24 15138 60 LS165 50 LS243 68 Ls373 58
SPDT 80p. SPOT centre off %0p 6116P3 320 6852 240 8228 220 15 LS90 25 1S139 30 LS166 70 LS244 100 LS374 60
DPDT 90p. DPDT centre off 100p. [l 1o 0 s502CPU 325 6875 495 8251 250 %6 S92 25  Us1a5 0 LS170 80 LS245 78 LS375 43
Standard toggle* 6522VIA 295 6880 100 8253 390 16 LS93 25 LS147 95 LS173 g0 LS247 50 LS377 60
SPST 35p. DPDT48p 6 570 81LS95 85 8255 225 16 LsS95 40 LS148 90 LS174 35 1S251 36 LS378 57
Miniature DPOT siide 14p, 6561 ACIAG50 81596 85 8250 390 30 LS%_ 95  US15) 40 LS176 36 18257 32 LS3Q0 45
Push ta make 14p 2114L2 99 6800CPU 220 BILS97 85 MC1488 55 38 LS107 40 LSI53 40 LS19 40 (S258 35 LS393 40
Push to break 22p. 2716 240 6802CPU 250 B08BDA 250 MC1489 55 38 LS109 30 LS154 g5 LS191 40 5259 o LS399 56
Rotary type adjustable stop. 2532 290 6809CPU 620 BOBSAC 340 280ACPL 290 15 LS112 37 US155 30 LS192 40 1S%66 24 LS641 78
1P12W, 2P6W, 3PAW ali 65p each. | 2732 290 6810RAM 115 Bi156 350 ZBOAPIO 260 15 LS113 2 LSIS6 36 LS193 40 15273 &5 LS670 35
DIL switches: 2764 425 6821FIA 110 8212 110 Z8OACTC 260 20 LS114 28 LS157 26 LS195 36 LS279 32
4SPST 80p 6 SPST 80p 8SPST 4116P20 85 6840 360 8216 100 Z8OASIO 900 15 20 LS122 38 L5158 30 US196 45 L8283 40
100p. i 5101L1 220 6850 110 8224 120  ZBOADMA 1150 |
me ok o 2o o owa ow owe womwm o w
1 40
NENT KIT: 40 7486 26 74125 33 74163 40 74192 48
SOCKETS N TLLLE COMEONENT, KITS ) 42 7483 165 74126 33 74164 45 74193 40
profils  wrap An ideal opportunity for the beginner or the experienced canstructor 16 7490 22 74132 36 74165 45 74194 40
to obtain a wide range of components at greatly reduced prices %W 5% 16 7491 35 74141 55 74167 150 74195 40
Resistor kit. Contains 10 ot each value from 4.7 ohms to 1M {total 16 7492 25 74145 45 74170 125 74196 45
of 650 resistors) . I _________ B 16 7493 25 74147 75 74173 58 74197 40
Ceramic Cap. kit. 5 of each value - 22p to 0.01u (135 caps) 370 16 7494 35 74148 60 74174 54 74198 80
Palyester Cap. kit. 5 of each vatue trom 0 01 to 1uF (85 caps) 575 24 7495 35 74150 55 74175 50 74199 80
Preset kit Contains 5 of each value from 100 ohms to 1M {total 27 7496 35 74153 36 74176 40
65 presets . 3 o " . 475 23 7497 90 74154 60 74177 4;
Nut and Bolt kst (total 300 items}: 180p 30 74100 80 74155 36 74179 70
256BA % bolts 50 6BA washers 50 6BA nuts 21 74107 26 7415 36  7aig0 40
256BA %" bolts 254BA %" bolts 50 6BA washers 48 74109 30 74167 30 74181 105
50 €BA nuts 25 6BA %" bolts 65 74121 28 74160 40

ORDERING INFO. All components brand new and full specification All prices exclude VAT,
Please add ta total order. Please add 50p carriage ta all arders under £151n value Send cheque/
P.O or Access/Visa number with arder. Our detailed catalogue 1s given free with all orders over
£10. Callers most welcome. Telephone orders welcome with Access or Visa. Ofticial orders

. Callers most welcome, we are apen Monday to Friday.




We publish a superb project like Bob Campbell’s 64K DRAM
board for 6502/6800 systems and instead of gratitude, all we get
are hundreds of letters asking for a Z80 version. Here it is then,

- you ungrateful lot, and don’t forget to say ‘“thank you'"!

L J henlsetout to design
the DRAM Board
(published in ETI Sept.

83) | had no intention of con-
sidering its use with the Z80
processor. However, the ques-
tion“Can itbe done?” provides a
good introduction to the many
considerations that must be
given to the peculiarities of the
Z80 when designing almost any-
thing for it, not least a dynamic
memory system.

Since this is to be an add-on
or an extension to an existing
system we must first consider
the probable target system and
the alternative solutions to the
‘maximum memory objective’.

Probable target computers
include:
® 780 Systems with some
dynamic memory, 16K eg, TRS-
80, Video Genie;
® 780 systems with little or no
memory, eg. Home Brews, u-
Professor;
@® ZX80, ZX81, ZX Spectrum, are
not worth considering as they
already have very comprehen-
sive and cheap support.

There are three distinct solu-
tions to satisfy the first two

users. They are:-

1. Modify the DRAM Board to
suit the Z80.

2. Design a new board to take in
all the advantages of the Z80
using similar techniques and
with the same overall objectives.
3. Replace and extend an exist-
ing 4116 based system with 64K
chips (this applies to the first user
only) using the original PCB, with
either complete re-decoding

ETI FEBRUARY 1984

using a PROM or modifying the
existing TTL decoding on board.
This option will probably end up
with the system ROM still within
the memory map, ie. decoding
16K blocks and upgrading to
48K from 16K.

Modifying the DRAM
Board

Consulting the circuit
diagram from the original article,
it can be seen that only three
signals other than the address
and data buses are taken from
the system. These are R/W, ®1
and ®2. To use the board with
the Z80 these signals must be
mimicked in such a way that
they satisfy both the require-
ments of the board and the pro-
cessor itself.

Assuming for the moment
that the discrete refresh counter,
IC1, is to be retained, then the
following observations can be
used as a guide to the final
design:

R/W — this signal is high during
aread cycle and low during a
write to memory cicle;

®1 — this signal, or more
accurately, the rising edge of it
initiates the refresh cycle, and
also clocks the refresh row
address counter;

®2 — this is slightly more com-
plex as it signifies both a valid
address and the start of a
memory access cycle, read or
write.

Obviously the R/W line is the
simplest and in fact WR can be
substituted directly in it's place.
RFSH, the Z80 signal, performs
a similar function to ®1 although

it is inverted, ie negative true,
and thus must be inverted
before substitution. MREQ is
very similar to ®2 although again
itis inverted, ie active low. One
other slight complication is that
MREQ.becomes active during
the refresh cycle RFSH.
Obviously this situation mustbe
distinguished from a true
memory access cycle. )

Combining all these condi-
tions, the two necessary logical
signals can be arrived at, namely
MC and RC Memory and Ref-
resh cycle start; note that both
have active rising edges. The
two equations are:-

These two equations can be
resolved into a logical circuitin
the usual way, ie, hard slog, copy
someone else, intuitively or by
guess work. However it is arrived
at, it should look something like
Fig. 1. The prime (') on any
signal indicates that it is a
substitute.

This solution will work in prin-
ciple; however the timing con-
straints of the board as a whole,

b

Fig. 1 Generation of ®1 and ®2 from ’
RFSH and MREQ. ;
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and particularly those of the
7415608, are such that it will pro-
bably not work without adjusting
the timing components around
1C17.

A slightly better solution
becomes apparent from the tim-
ing diagrams of the Z80. Con-
sider the same situation which
we have just tried to avoid,
MREQ becoming active during
RFSH. Taking cycle T3 in Fig. 2,

— —

__ i8nSMAX

RFSH

= | b

loons MAX | T0omS MIN
Fig. 2 Diagram showing the timing of
the Z80’s MREQ and RFSH functions.

only in the worst possible case
can MREQ become active
before RFSH. Thus MREQ could
be used as a cycle start directly,
and that means for both refresh
and memory access cycles. In
fact most systems using
dynamic memory use MREQ as RAS
and generate ROW/COL and
CAS by delay lines from that
active edge. Delay lines are to
be avoided if at all possible, but
unfortunately this is not always
so in DRAM design. The second
solution now looks like Fig. 3;
this is much simpler than all the
others and should work very

MREQ

well, in theory at least. The need
for the two signals ®1 and ®2 to
control the address and data
buffers means that the circuit is
still more complex than it might
be.

Further improvements can
still be made to the circuit by
using the Z80’s on chip refresh
row address counter.

During RFSH, the CPU puts
out on the lower seven address-
lines a refresh row address
which is cycled through 0-128,
incrementing once very M1
cycle. Using this address the
393, 1C1, can be dispensed with,
and the 244 that goes with it,
IC2. Since the Z80 refresh
address is only seven bits wide,
the TMS 4164 cannot be used
as it requires an eight bit, 256
cycle refresh. The 4864 64K x 1
bit memory and its derivatives
(see Table 1) use a 128 cycle 2ms
refresh cycle and thus only
require seven refresh address
bits, and these should be used
instead.

Using the Z80 refresh
address counter in this way
requires the primary address
buffer IC 11 to be enabled on
both the refresh and memory
access cycles, and the address
multiplexers, IC 12 and IC 14, to
present the lower 8 bits AO-A7
and the upper 8, A8-A15, of any
address separately. In other
words, the lower 8 should be on
the “a” side and the upper 8
on the “b"” inputs to the multi-
plexers, or vice versa but not
intermixed. All these modifica-
tions could be made, and the
timing corrected to suitand a
PROM programme devised etc,

CYCLE START

RAWIN

RFSH

-~y

REFRESH ENABLE

7415608

£l

L)
—

Fig. 3 Using MREQ as a direct start for both refresh and memory access cycles.
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but unless there is a pressing
reason for the DRAM board to
be used in this way for a Z80
application, | would advise
against it. There is a great deal
more to be gained by using a
purpose designed Z80 RAM
Board.

Such a design is presented
here and the advantages are
clear, but first some notes on
converting the 16K 4116 system
such as that of a TRS-80 or
Video Genie.

16-48K Upgrade

Those computers already
using the 4116 dynamic RAMs
obviously have the necessary
circuitry to produce the signals
to drive the RAMs properly.
Those signals, including the
address multiplexing, are usually.
controlled by the decoding cir-
cuitry, by gating either CAS
and/or the enable for the
output/input buffers. The main
difference between a 16K 4116
and a 64K 4864 memory array is
the ‘width’ of the decoding, A7
and the supply rails. Looking at
the pin configuration of the two
RAM chips reveals that only
three pins are different, see
Fig. 4. So with the minimum of
modifications it is a relatively
simple matter to swap the two
using the original PCB.

=5V Vgg {I = 18| 0V GND
DINE ‘E] cas
O [3] 12] a 0oyt
RAs 4] 4116 2] a0
Ao [5] 12] A3
A2 E E A4
Al E 10[ A5
+12vvpp s kzlfsv Vee
NC E—_\J—_E OV GND
o [Z]
=t
[
A0 (s et :
A2[e] 11] Aa
A1 [7: fﬁy A5
+5V Ve f8',,y 9| A7

Fig. 4 Pinouts of the 4116 and 4864
DRAMs.
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YO p——c— AD
Y1 —7-__._.;“
Y2 e A2

'Y 3 fommr A3

1

p————ROW/COL [

SYSTEM BUS

1

yok—.—[ﬂ

7
Y1 pm———Ab

9.
Y2 [———— 8

12
Y3 p——-—A7

J

Fig. 5 Modified address multiplexer
arrangement.

Modifying the power supply
lines is the first and the simplest
of the changes necessary:

PIN 1 V,,—5V: this track should
be disconnected, at both ends of
the RAM array, from the —5V
supply; furthermore all the
capacitors on this line between
it and either ground, +5V or
+12V should be removed. The
track now takes no further part
in the circuit until we upgrade to
256Ks!

PIN 8 V4, +12V: this now becomes
the +5V, ie V,, line on the 4864;
thus it should be disconnected
from the original +12V supply
and reconnected to a suitable
point on the computer’'s +5V cir-
cuit. Any capacitors between it
and ground should be retained;
there is usually one per IC, and if
there is not, additional ones
should be added; 1uF tants or
0.1 uF MKC will do.

PIN 9 V_+5V: finally, this track
becomes the additionai address
line A7. It should be disconnec-
ted from the +5V supply and all
the attached capacitors
removed. The now isolated track
should be connected to the
unused output of the address
multiplexers. Normally these are
a pair of 74LS157s. The remain-
der of the circuitry around the
RAM array is identical to the
original 4116 regime.

The modification to the
address multiplexers, which
usually consist of two
74L5157s, is dependent upon
the specific system. The normal
approach is to have only A0-A13
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TO RAM ARRAY

inclusive connected to the
inputs of the multiplexers. Both
A14 and A15 must now be
added to these and should cor-
respond to the new output just
connected to A7 pin 9 on the
RAMs. Thus the final circuit
should look something like Fig.
5. The main thing is that AO-A6
are all on one side of the mul-
gplexer’s inputs, ie, all a’s or all
’s.

A ———— ‘Al YO P

Finally, the last modification
is to the decoding circuitry, and
this is probably the most
machine dependent modifica-
tion of all. Of the numerous sys-
tems in use, the most common is
to gate the CAS signal to the
appropriate RAM block through
a tri-state buffer. It is necessary
only to increase the decoding to
this buffer to enable the new
areas of RAM.

ROM+:

A15 B1 Y1

RAM

Yzp
Z25A

Y3p

CAs-

UNUSED
3

|
T

[e———— .Y, }

B2
z258

Aade ROM+
- . 2,21);—————
.Z25A > T
; B
:'_—l~ i ZX = ADDITIONAL IC
s J 74L511 OR 74LS21
I 48K RAM

V-

CAS-

Fig. 6 Decoding circuitry of the Video Genie a) before and b) after modification.

Type No. Manufacturer

TMS 4164 Texas Inst.

TMM 4164 Toshiba

HYB 4164 Siemens
2164 Intel

HM 4864 Hitachi

MCM 6664A Motorola

MCM 6665A Motorola

WD NEC

MK Mostek

IMS 2600 Inmos

NCM 4164 National Semi.

F4164 Fairchild

MB 8264 Fujitsu

MB 8265 Fujitsu

MSM 3764 OKI Sem,

Table 1 Comparison of 64K DRAMs.

Refresh Cycle

8 bit 256 cycle 4 ms
7 128 2

8 256 4

7 128 2

7 128 2

7 128 2 orpin 1
7 128 2

8 256 4

8 256 4

8 256 4
pinl
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Fig. 7 Block diagram of the TMS 4500A DRAM controller.
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PROJECT : Z80 DRAM

There are two distinct ways of
doing this; one is to extend the
existing decoding and the other
is to use a PROM in away
similar to the original DRAM
Board design. The latter
approach would follow almost
exactly the DRAM design, and
those of you wishing to attempt
that will find enough information
in the original article.

The much simpler approach,
if not as profitable in terms of
added memory, is to modify the
existing decoding. Normally the
memory map is decoded into
four 16K blocks at the primary
decoding level, and by using
the unused blocks within the
memory map the usable RAM
can be expanded. Using the
Video Genie as an example, the
original circuit is shown in Fig,
6a, and the modified one in Fig.
6b. In the latter the two unused
outputs of the 7415139 (Z25)
are combined to give a total
RAM area of 48K. Note that :
there is an unused 16 pin socket -
on the main PCB which can be
used for the additional IC.

It can be seen then that the
4864/4116 replacement techni-
que is relatively simple and pro-
duces a very neat and reliable
32K expansion to the average
system. To go further than tlgwe
32K addition requires more
effort and the advantages of
retaining the RAM on the
original PCB become less: the
purpose-built Z80 64K RAM
card then comes into its own. As
with the original DRAM Board
design, it can be designed to be
as flexible as possible, thus
allowing for all the vagaries that
can and do exist in the original
target system. The power on
jump vector, which tricks the
CPU into thinking that there is
EPROM at 0000 hex at restart
only where there is actually
RAM, is the most common dif-
ficulty to overcome. Note that
this is a must for CP/M systems.

The concluding part of this article
in next month’s ETI will describe
the new DRAM board for use with
Z80 microprocessors,

NOTE: Ty, —WAIT CYCLE ADDED WHEN NECESSARY FOR SLOW ANCILLIARY DEVICES

Fig. 8 Timing diagram of the Z80 CPU.
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ULTRA VIOLET SENSITIVE
COPPER CLAD LAMINATE

Top quality glass fibre with 1 oz Cufoil.

Will reproduce tracks down to .01 inch.
Positive & Negative Resist Systems for high
quality PCB production. - Economic packs at very
competitive prices direct from the innovators & manufacturers.

Full range of complementary chemicals and process equipment available.

PHOTO RESIST KIT

Complete kit containing artwork PCB, and all necessary process
materials. Order ref HB/2 £24.50

ARTWORK LIGHT TABLES &
UV EXPOSURE UNITS

Low cost, purpose designed units
enabling high standards of design and
reproduction to be achieved.

UV EXPOSURE UNIT AND
ARTBOX iilius)

A portable ready made unit containing two 8 watt UV tubes giving a
6" x 9" exposure area which may also be used as a light box with the UV
filter supplied. Order ref UV2 £64.50

DIY UV EXPOSURE UNIT

Perfect results everytime. Kit contains: Lamp, Holder & Shade together
with full instructions for DIY Unit which offers PCB, Precision Photo,
Label & Panel manufacture. Order ref UV1 £27.50

The Complete Pﬁed Ciyryc-iui’t‘Wor‘kshdp
COMPUTING AND ELECTRONICS

Project development materials

O LIGHT PEN © WEATHER STATION

@ PICTURE DIGITISER ® + OTHER EXCITING &

@ KEY PAD : INTERESTING PROJECTS
@ MODEL CONTROLLER

FOTOTOOL - DAYLIGHT
PHOTOGRAPHIC PCB
LABEL & PANEL MAKING
SYSTEM

Daylight handling - UV exposable.
Fototool provides highly professional
photographic masters - either positive or
negative - for high quality PCB
reproduction - Fototool films exhibit
superb resolution, stability and high
image densities normally only found in
professional darkroom films. -
Fotopanet complements Fotofilm with a range of 10 highly attractive
backing colours ( including brushed aluminium ), and enables
professional labels & panels to be made simply and cheaply.

FOTOTOOL KIT
Containing artwork, film and all the necessary process materials required
for professional quality labels and panels. CAN ALSO BE USED TO

PRODUCE PRECISION PCB PHOTOMASTERS. Order ref HB3 £23.00

COMPUTER ADD-ON/ "
INTERFACE
PROTOTYPING
SYSTEM

This system, designed and manufactured by Kelan, provides an
attractively styled mouided case, pre-patterned PCB, 28 way connector,
user port extender, and 9 way PCB mounting ‘D’ connector to add-ons.
Custom designed circuits may be easily built from this kit with a highly
professional finish. Order ref HB/2090 £9.50

Easy Add-ons for ZX Spectrum & ACE

17 exciting electronic projects to build and run your own micro.

REALISE THE REAL WORLD POTENTIAL OF YOUR MICRO

A newly released book written by well known author Owen Bishop and
published by Bernard Babani gives full descriptive details on how to
build all 17 projects - all are fairly simple and inexpensive to construct
The most complex component {the DECODER) is supplied in kit form
ready to assemble with all components and plated through PCB. -
Components for the projects are readily available locally or found is your
workshop drawers.

Simple programmes are included to get you started but of course the
more experienced programmer can have hours of fun writing complex
programmes. Please state computer when ordering.

Order ref HB/2000 “EASY ADD-ONS" BOOK

PRINTED CIRCUIT ARTWORK AIDS

Three comprehensive stock ranges to suit
all preferences including dry transfers,

printed acetate and crepe. Precision track
tapes, pads, DIUMICROLOGIC PATTERNS ETC.
Includes etch resistant symbols & tapes.

DIRECT ETCH KIT

COPY DIRECT FROM MAGAZINE or OWN
DESIGN. Simple system - Complete kit
containing PCB, Pattern Transfer & Etch
Resist Sheets, Tray & Etchant, Copper
Cleaning Block, Gloves & full instructions.
Order ref HB/1 £15.50 i

PCB HARDWARE
% CASES & BOXES < . T
% PCB MOUNTING & AIDS

% CONNECTORS & PINS : ' o
% TERMINALS
% DIL SOCKETS
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+ DECODER KIT . £24.00
Order ref HB/2001 “EASY ADD-ONS” BOOK ONLY £3.00
Order ref HB/2002 DECODER KIT ONLY i £22.00
Order ref HB/2003 DECODER PCB ONLY ) ) £8.00
BBC MICRO INTERFACE

Initially designed to interface the acorn BBC Micro with turtle type
robotics this unit, supplied in kit form, provides 8 control outputs
and 4 Data inputs providing a useful interface to operate numerous
control applications. Order ref HB/2030 £26.50

HOBBYBOARD CATALOGUE
Newly Published Full Catalogue price £1.50 (refundable with
1st order over £10)

‘ Please send by return:- |

= QTY| REF  |DESCRIPTION PRICE | TOTAL
I 'E!Catabgue'(see above) 5150
I Price inclusive of VAT & carriage {U.K.}. Please allow TOTAL

21 days for delivery. Cheq ses, PO’s or signed Access orders welcomed.
l Overseas customers please add extra post & packaging

NAME
ADDRESS . . _

~_ETI/2/84
adivision of
KELAN ENGINEERING Ltd
Hookstone Park
Harrogate, N. Yorks
complete P.C.B. workshop
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ambi

TRANSISTORS

Small SlgnaI/Low Freq.

Device Stock No. Price
BC182 58-00182 0.10
BC212 58-00212 0.10
BC237 68-00237 0.08
BC238 58-00238 0.08
BC238 68-00239 0.08
BC307 58-00307 0.08
BC308 58-00308 0.08
BC309 58-00309 0.08
BC327 58-00327 0.13
BC337 58-00337 0.13
BC413 58-00413 0.10
BC414 58-00414 0.11
BC415 58-00415 0.10
BC416 58-00416 0.11
BC546 68-00546 0.12
BC550 58-00550 0.12
BC556 58-00556 0.12
BC560 58-00560 0.12
BC639 58-00639 0.22
BC640 58-00640 0.22
MPSA13 58-04013 0.30
MPSA63 58-04063 0.30
ZTX108 58-01108 0.10
2TX212 58-01212 0.10
2N2904 58-02904 0.25
2N2905 58-02905 0.25
2N3905 58-03905 0.10
25B646A 58-03646 0.30
2SB648A 68-03648 0.40
2SD666A 58-03666 0.30
2SD668A 58-03668 0.40
2SA872A 58-02872 0.19
2SA1084E 58-01084 0.25
2SA1085E 58-01085 0.25
2SC1775A 58-01775 0.19
2SC2646E 58-02546 0.24
2SC2547E 58-02547 0.24
Small Signal RF Devices
Device StockNo.  Price
BFY50 58-06500 0.22
BF241 58-06241 0.18
BF273 Use BF241
BF274 Use BF241
BF362 58-06362 0.49
BF440 58-06440 0.21
BFa41 58-06441 0.2t
BF479 58-06479 0.66
BF679S 58-06679 0.55
BFR91 58-07091 1.33
BFR96 58-07096 145
BFT95 58-10095 0.99
BFW92 58-08092 0.60
BFY90 58-09090 0.90
NE21936 58-21936 5.00
ZTX323 58-06232 0.60
2N2369A 58-02369  0.38
evice StockNo.  Price
BF256 59-00256 0.38
BF960 60-06960 0.99
BF961 60-06961 0.70
BF963 60-06963 0.99
BF981 60-06981 1.20
J310 59-02310 0.80
J176 59:02176 0.65
MEME80 60-05680 0.75
2SK55 59-01055 0.32
25K168 59-01168 0.37
3SK45 60-04045 0.49
3SK51 60-04051 0.54
3SK60 60-04060 0.58
3SK81 60-04081 1.32
35K88 60-04088 0.99
40673 Replaced by 3SK51
40822 Replaced by 3SK45
3sK112 60-04112 4.80
Device StockNo.  Price
BD139 58-15139 0.28
BD140 68-15140 0.31
BD165 58-15165 0.46
BD166 58-15166 0.48
BD179 58-15179 0.38
BD180 58-15180 041
TIP31A 68-15031 0.35
TIP32A 58-15032 0.35
MJ2955 58-12955 0.68
2N3055 58-13099 0.58
2SB720 58-15720  0.60
2SD760 58.17600  0.60
2S8J49 60-01049 3.10

Device Stock No. Price
25J50 60-01050 4.25
2583 60-01083  3.55
25K135 60-00135 4.25
25K227 60-00227 355
250753 68-03753 234
SM3159 58-03159 5.95
SM3160 58-03160 5.95
RF Power Devices
Device StockNo.  Price
MRF237 68-14237 3.20
MRF238 58-14238 16.50
MRF245 68-14245  40.00
MRF449A 58-14449 16.50
MRF472 58-14472 1.25
MRF475 58-14475 4.60
MRF629 58-14629 4.99
PT8811 58-18811 '9.50
2SC1945 68-01945 2.60
28C1971 58-01971 2.49
25C2053 58-02053 0.63
25C2097 58-02071 14.75
TP2320 68-12320 10.24
VNG6AF 60-02066 0.95
ZTX3866 58-03866 0.45
2N3866 58-13866 1.20
DIODES
Signhal, Rectifier, etc
Device StockNo.  Price
BA244 12-02447 0.17
BA379 12-03797 0.35
ND4981-7E 12-49817 0.51
0A91 12-00916 0.07
0A47 12-00476 0.10
TDA1061 12-10617 0.95
PW02 12-62006 0.75
504 12-24006 0.45
Wo05 12-10506 0.28
IN4001 12-40016 0.06
IN4002 12-40026 0.07
IN4004 12-40046 0.07
IN4148 12-41486 0.05
IN5404 12-54046 0.16
iN6263 12-62637 0.62
Device Stock No.  Price
BA102 12-01025 0.30
BA121 12-01215 0.30
BB105B 12-01055 0.30
8B1098 12-01095 0.27
BB2048 12-02045 0.36
BB212 12-02125 195
ITT210 12-02105  0.30
MVAM115 UseKV1235
MVAM125 UseKV1225
KV1210 12-12105 245
Kvi1211 UseKV1236
KV1225 12-12255 2.75
KV1235 12-12355 2.75
KV1236 12-12365 2.55
KV1310 12-13105 0.40
KV1320 12-13205 0.40
INTEGRATED CIRCUITS
Linear
Device Stock No. Prico
LM10CN 61-00010 3.88
MF10 61-00011 5.05
L149 61-00149 1.86
INA234 61-02340 850
u2378 61-00237 1.28
U2478 61-00247 1.28
U2678 6100257 1.28
u2678 61-00267 128
LM301AH 61-03010 0.98
LM301AN 61-03011 0.44
LM308CN 61-03081 0.65
LM311CN 61-00311 046
LM324 61-03240 048
LM339N 61.03390 .68
LM346, 61-00346 3.72
LF347 61-00347- 1.82
LM348 61-03480 1.26
LF351 61-03510 0.49
LF353 61-03530 0.76
LM380N 61-00380 1.00
LM381 61-00381 18
LM382 61-00382 1.81
ZNA1SCE 61-00419 198
ZNA423 61-02430 140
ZN42SE/8 61-04250 4.50
2ZN426E/8 61-04260 348
ZN427ER 61-04270 6.80
2ZN428E/8 61 02480 5.50
ZN429E 61-04290 2.50

Device
ZN432C010

ZNASOE
NES42
NES44

NES55N
NESSEN
SL560C
NE564

NES65
NES66
NES67
NES70N
UAT09HC
uA709PC
UAT10HC
UAZ10PC
uA711CN
uAT4ICH
uA709PC
UuA741CN
UA748CN
uA758
TBAS20M
TDA1028
TDAY029
INA1034

LM1035
TDA1054M
TDA1062
TDA1072
TDA1074A

TDA1083
TDA1090
HA1196
HA1197
TDA1220

LM1303
MC1310P
MC1330
MC1350
HA1370
HA1388
LM1458N
MC1496P
SL1610

SL1611
SL1612
SL1613
SL1620
sL1621

SL1623
S5L1625
$L1630
SL1640
SL1641

MC1648

TDA2002
ULN2240
ULN2242
ULN2283

CA3080
CA3089
CA123
CA3130E
CA3130T

CA3140E
CAJ1B9E
CA3240E
MC3357
MC3359

ULN3859

(M3909N

LM3914N
LM3915N
KB4400
KB4412
KB4413
KB4417
KBd4a20B
TDA4420
TDA4421
KBa423

NESS532

KM5624
SDE000
SL6270
SL6310

SL6600
SAS6610
$L6640
516690
SLS700
SASE710

ICM7555
ICLBO3BCC
MSL9362

ZN433CJ10,

200 North Service Road,
Brentwood, Essex CM144SG
Tel: (0277) 230909 Tix: 995194

INTERNATIONAL

Stock No,

61-04320
61-04330
61-04500
61-05420
61.00544

61-05550
61-05560
61-05600
61-00564

61-00565
61-00566
61-00567
6100570
61-07090
61-07091
61-07100
6107101
61-07110
61-07410
61-07411
61-07470
61-04780

61-00758
61-00820
6101028
61-01029
6101034
61.01035
61-01054
61-01062
61-01072
61-01074

61-01083
61-01090
61-01196
6101197
61-01220

61-01303
61-01310
61-01330
61-01350
61-11370
61-01388
6114580
61-01496
6101610

61-01611

6101612
6101613
6101620
6101621
61.01623
61.01625
61-01630
6101640
61-01641
61-01648
61-02002
61-02240
61-01090
61-02283
61.03080
6103089
6103123
61-31300
61-31301
61-31400
§1-03189
61-32400
6103357
61-03357
61-03859
61-03701
61-03702
61-39000
61-39090
61-03914
61-03315
6104401
61.04412
61-04413
61.04417
6104420
61-144820
61-14421
6104423
61-04424
61-04430
6104431
61-04432
61-04433
6104436
61-04437
61.04438
61-04441
6104445

61-04446
61-04448
6105044
61-05229
61-55320

6105624
61-06000
61-06270
61-06310

61-06600
6106610
61-06640
61-06690
61-06700
6106710

61-75550
61-08038
61-09362

Price

29.90
24.79
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Device Stock No. Price
MSL9383 61-09363 175
TK10170 61-10170 187
TK10321 61-10321 275
HA11223 61-11223 215
HA1122§ 61-11225 145
HA12002 61-12002 122
HA12017 61-12017 0.80
HA12402 61-12402 195
HA12411 61-12411 1.20
HA12412 61-12412 1.55
LF13741 -13741 033
I MC1ad12 v 685
MK50366 3.38
MK50375 3.85
MMS53200 3.90

Also Salas Countars at:

53 Burrfislds Road, Portsmonth
Tel: (0705) 669021

Pack Lane, Broxbourae, Horts
Tol: (0992) 441631

Watch out for the NEW AMBIT CATALOGUE in your newsagents — 80p

Presc

Daevice Stock No. 1-24
U264 61-02640 227
U265 61-02650 3.16
U266 61-02660 2.43
11C900C 61-01190 12.95
MSL2312R 6102312 394
MSMS523 6105523 1130
MSMS524 61-05524 11.30
MSMS525 61-05525 7.85
MSM5526 61-05526 7.85
MSM55271 61-55271 9.75
ICM7106CP 61-07106 9.55
LC7137 61.07137 7.50
ICM7216B 61-72161 23.95
ICM7216C 61-72162 2395
SP8629 6108629 3.85
SP8ga7 61-08647 6.00
SP8793 61-08793 7.70
HD10551 61-10551 2.45
HA12009 61-12009 6.00
MC12016 61-12016 6.90
HD44015 61-44015 4.45
HDaa752 61-44752 8.00
MC145151P 61-14151 6.00
MC145152P 61-14152 12.30
MC145156P 61-14156 4.60

VOLTAGE REGULATORS

Device  Voltage StockNo. Price
7805 +5V 27-78052 0.40
7806 +6V 27-78062 0.40
7808 +8V 27-78082 0.40
7812 +12v 27-78122 0.40
7815 +15V 27-78152 0.40
7818 +18V 27-78182 0.40
7824 +24V 27-78242 0.40
7908 -5V 27-79052 0.49
7906 -6v 27-79062 0.49
7908 -6V 27-79082 0.49
7912 -12v 27-79122 0.49
7915 -15v 27-79152 0.49
7918 -18v 27-79182 0.49
7924 —24v 27-79242 0.49
78L05 +5V 27-78050 0.40
78L06 +BV 27-78060 0.40
78L08 ~BvV 27-78080 0.40
78L12 +12V 27-78120 0.40
78L15 +15Vv 27-78150 040
78L24 +24V 27-78240 0.40
79L05 -5V 27-79050 0.55
78GKC +adj 27-78993 395
78GUIC +adj. 27-78992 110
78H0S +5V 27-78054 4.25
78H12 +12v 2778124 545
78HG +adj. 27-78994 745
79HG —ad). 27-79994 7.45
LM317MP +ad| 27-03175% 175
LM337MP —adj 27-03175% 178
LM317K < ad) 27-03173 235
LM317U  +adj 27-03172 2.15
L200 +adj 27 02006 1.95
uA723 +adj 27-07230 085
CMOS/74LS TTL
Please call for current
.
CMOS price and
availability due to
world shortages etc.

FIXED RESISTORS

E12 values sold in packs
of 10 pervalue only

YeW 5% 30p/10 pack
YaW 5% 15p/10 pack
VaW 1% 35p/10 pack
Order by value & type

~ POTENTIOMETERS

Supplried with PCiwire on tags Round shafts 6mm
dia with 7mm bush M8 x 0 76 washer and fixing
fut supphed

Value Stock No. 1-24
SOORLin 48-50113 0.33
TkLin 48-10213 0.33
5k 48-50213 0.33

Device Stock No. Price
10k Lin 48-10313 0.33
20k Lin 48-20313 033
S0k Lin 48-50313 0.33
100k Lin 48 10413 0.33
500k Lin 48-50413 0.33
1MLin 48-10513 033
SkLog 48-50214 0.33
10kLog 48-10314 0.33
50k Log 48-50314 0.33
100k Log 48-10414 033
500k Log 48-50414 0.33
1MLog 48-10514 033
SkLin 48-50217 0.67
10kLin 48-10317 0.67
25kLin 48-25317 0.687
Sk Log 48-50218 0.67
10kLog 48-10318 0.67
25k Log 48-25318 0.67
S0k Log 48-50318 0.67
100k Log 48-10418 0.67
Dual Gang

Value Stock No. 1-24
Sk Lin 48-50215 0.60
10k Lin 48-10315 0.60
25k Lin 48-25315 0.860
100kLin 48-10415 0.60
250k Lin 48-25415 0.60
1M Lin 48-10515 0.60
1klog 48.10216 0.60
SkLog 48-50216 0.60
10k Log 48-10316 0.60
25k Log 48-25316 0.60
50k Log 48-50316 0.60
100k Log 48-10416 0.60
250k Log 48-25416 0.80
MLog 48-10516 0.60
Single gang, pull push DPST switch
Valus Stock No. 1-24
SkLin 48-50219 0.94
10k Lin 4810319 0.94
25kLin 48-25319 094
100k Lin 48-10419 094
55k Log 48-50220 0.94
10k Log 4810320 0.94
25k Log 48-25320 094
50k Log 48-50320 0.94
100k Log 48-10420 094

Dualgang 41 detents primarily for volume
controls.

Value Stock No. 1-24
10kLog 48-10322 0.68
100k Lin 48-10421 0.68

Dual gang with click, for tone and balance
controls.

Value Stock No. 1-24
S0KLin 48-50323 0.65
100k Lin 48-10424 0.65
100k
Balance 48-10425 0.65.

SubMin Ceramic

Plate 63VDC
Value Stock No. Pkof 10
2.2pF 04-22901 0.40
2.7pF 04-27901  0.40
3.3pF 04-33901 0.40
39pF 04-39901 0.40
4.7pF 04-47901 0.40
5.6pF 04-56901 0.40
6.8pF 04-68901 0.40
8.2pF 04-82901 0.40
10pF 04-10001 0.40
12pF 04-12001 0.40
15pF 04-15001 0.40
18pF 04-18001 0.40
22pF 04-22001 0.40
27pF 04-27001 0.40
33pF 04-33001 0.40
39pF 04-39001 0.40
47pF 04-47001 0.40
56pF 04-56001 0.40
68pF 04-68001 0.40
82pF 04-82001 0.50
100pF 04-10101 0.50
120pF 04-12101 0.50
150pF 04-15101 0.50
180pF 04-18101 0.50
220pF 04-22101 0.50
270pF 04-27101 0.50
330pF 04-33101 0.50

MediumK Ceramic

Plate 63VDC
Value Stock No. Pkof 10
390pF 04-39102 0.50
470pF 04-47102 0.50
560pF 04-56102 0.50
680pF 04-68102 0.50
820pF 04-82102 0.50
1000pF 04-10202 050
1200pF 04-12202 0.50
1500pF 04-15202 0.50
1800pF 04-18202 0.50
2200pF 04-22002 0.50
2700pF 04-27202 0.50
3300pF 04-33202 0.50
4700pF 04-47202 050

All prices exelude VAT postage and packing 60p le'a quots stock numbers when ordering




MULLARD SPEAKER KITS

Purposstully designed 40 watt R.M.S. and 30
watt R.M.S. 8 ohm speak:

developed by MULLARD'S speciallst team in
Belgium. Kits comprise Mufllard woofer (8" or
5”) with foam surround and aluminium voice coil.
Mufisrd 3* high power domed tweeter. B.K.E.
built and tested crossover based on Mullard
circuit, ining low loss components, glass
fibre board and recessed loudspeaker terminals.
SUPERB SOUNDS AT LOW COST. Kits supplied
in polystyrens packs complete with instructions.
8” 40W system — recommended cabinet size 240
x 218 x 445mm

Price £14.90 sach + £2.00P & P.

5" 30W system — recommended cabinet size
160 x 175 x 295mm

Price £13.90 each + £1.50P 8 P

Dasigner spproved flat pack cabinet kis
including grill fabric. Can be fimished with iron on
veneer or self adhesive vinyl etc

8" system cabinet kit £8.00 each + £2.50 P & P
5” system cabinet kit £7.00 sach + £2.00 P & P

STEREO CASSETTE TAPE
DECK MODULE

Comprising of a top panel and tape mechanism coupled té
a record/play back printed board assembly. Supplied as
one complete unit for horizontal installation into cabinet or
console of own choice, These units are brand new. ready
built and tested

Features: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward. play stop and
eject. Automatic record level control. Main nputs plus
secondary inputs for stereo microphones. Input
Sensitivity: 100mV to 2V. Input Impedance: 68K
Output e 400mV to both lett and rnght hand
channeis. Output impedance: 10K. Signat to noise
ratio: 45dB. Wow and flutter: 0.'%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
individual screened leads, all terminated with ghono piugs
{phono sockets provided). Dimensions: Top panel 5}in
x. 11}in. Clearance required under top panel 2}in
Supplied complete with circurt dagram and connecting
diagram. Attractive black and siver finish,

Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
{transformer, bridge rectifier and smoothing capacitor)
£S. 50 M

LOUDSPEAKERS POWER RANGE

THREE _QUALITY POWER LOUD-

SPEAKERS (157, 12" and 8~ See ‘Photo)

Ideal for both HI-Fi and Disco applica-

tions. All unils have attractive cast alu-

minium (ground finish) lixing escutcheons.

Specification and Prices.

15" 100 watt R.M.S. Impedance 8 chms.

50 oz. magnet. 2" aluminium voice coil. Res.

Freq. 20 Hz. Freq. Resp. to 2 5KHz. Sens.

97dB. Price: £34.00 each + £3.00 P&P

12" 100 watt R.M.S. impedance 8 chms

50 0z.magnet. 2" aluminium voice coil. Res.

Freq 25Hz. Freq Resp to 4 KHz, Sens.

95dB. Price: £24.50 each + £3.00 P&P ;

8” 50 watt R.M.S. Impedance 8 phms. 20

oz. magnet. 1%:" aluminium voice coil Res.

Freq. 40Hz. Freq Resp to 6 KHz. Sens

92dB. Black Cone. Price: £9 50 each Also

available with black protective grille Price

£9.99 each. P&P £1.50.

12" 86 watt R.M.S. McKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCO) 2"
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz., Freq.
Resp. to 6.5KHz.. Sens. 98dB Price: £23.00 + £3 carriage

12 86 watt R.M.8. McKENZIE C1285TC (P.A., DISCO} 2" aluminium voice coil. Twin
cone. 8 ohm. imp.. Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £23 + £3 carriage.
15" 160 watt R.M.S. McKENZIE C15 (BASS GUITAR, P.A.} 3" aluminium voice coil.
Die cast chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. 1o 4KHz. Price: £47 + £4
carriage.

PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coll) 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
to 100 watts {more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER.
TYPE ‘A’ {(KSN2036A) 3" round with protective
wire mash, 1deal for bookshelf and medium
sized Hi-fi speakers. Price £4.29 each.
TYPE ‘B’ (KSN1005A) 3" super horn For
general purpose speakers, disco and P.A.
cystems etc. Price £4.99 each,
TYPE 'C’ (KSN6016A} 2" - 5 wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.99 each.
TYPE ‘D’ (KSN1025A)2"" « 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range {2KHz}. Switable
for high quality Hi-ti systems and quality
discos. Price £7.99 sach.
TYPE ‘E’ (KSN1038A) 3% ' horn tweeter with
attractive siver tinish rim. Suitable for Hi-fi
monitor systems etc. Price £4.99 each.
TYPE 'F' (KSN1057A) Cased version of type
‘E' Free standing satellite tweeter. Perfect
add on tweeter for conventional loudspeaker
systems. Price £10.75 each
P&P 20p oa. (or SAE for Piezo leaflets).

TYPE 'F
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B.K. ELECTRONICS

UNIT 5. COMET WAY. SOUTHEND-ON-SEA. ESSEX. SS2 6TR

80 LOUDSPEAKER

The very best in quality
and value.
Ported tuned cabinet in hard-
wearing black vynide with protec-
tive corners and carry handle. Built
and tested, employing 10in Bntish
driver and Piezo tweeter. Spec: 80
watts RMS; 8 ohms; 45Hz-20KHz,
-Size: 20in x 15in x 12in, Weight:
30.pounds.
Price: £49.00 each
£90 per pair
Carriage: £5 each £7 per pair

Prompt Deliveries
VAT inclusive
prices
Audio Equipment
Test Equipment
by
Thandar
and

BK ELECTRONICS

HOBBY KITS. Proven designs including glass
fibre printed circuit board and high quality

f@/l\\\\[l\\‘]’[\lj WE@ components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensi-
tive microphone. Range 100/300 metres 57 x 46 x 14mm (9 volt)
Price: £7.99p

DIGITAL THERMOMETER-9.9°C to +99.9°C. LED display. Com-
plete with sensor. 70 x 70 mm (9 volt) Price: £27.60p

3 WATT FM TRANSMITTER 3 WATT 85/115MHz vanicap con-
trolled professional performance. Range upto3 miles 35x 84 x 12
mm (12 volt} Price: £12.48p

SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHZ Range up to 500 metres. Double coded mod-
ulation Receiver output operates relay with 2amp/240 volt
contacts, |dealtor many applications Receiver 80x 70 x 22 mm 9/
12 volt] Price: £16.49 Transmitter 80 x 50 x 15 mm (8/12 volt}
Price £10.29 P&P All Kits +50p. S.A.E. for complete list.

BSR P256 TURNTABLE

P256 tuintabile chassis @ S shaped tone arm
@ Belt ariven @ Aluminium platter @
Precision calibrated counter balance @ Anti-
skate bias device) @ Damped cueing lever
® 240 volt AC operation (Hz) @ Cut-out
template supphed @ Completely manual arm.
This deck has a completely manual arm and is
designed primanly for disco and studio use
where all the advantages of a manual arm are
required.
Price £31.35 each. £2.50 P&P

POWER AMPLIFIER

MODU LE NEW OMP100 Mk.Il POWER AMPLIFIER
MODULE Power Amplifier MOduIIet corv'\plote
with integrat heat sink, toroidal transtormer
READY BUILT power supply and glass fibre p.ch. assembly.
Incorporates drive circuit to power a compatible
LED Vu meter. New improved specification
makes this amplitier ideal for PA., Instrumental
and Hi-Fi applications.
SPECIFICATION
Output Power:— 110 watts R.M.S.
Loads:— Open and short circuit proof 4/18
ohms.
Frequency Response:— 15Hz - 30KHz -3dB.
T.H.D.:— 0.01%.
S.N.R. (Unwelghted):— -118dB +3.5dB
New model. gonlltlglé(y)to: Mn702u(pu(:— 500mV @ 10K.
R4 Frere 1ze.— X115 x mm Price— £31.99 +
Improved specification  £2.60 PaP. vu meter Prce — £7.00 + 50p P&P

MOSFET versions available up to 300W. R.M.S.

HOME PROTECTION SYSTEM

Better to be ‘Afarmed' then territied.

Thandar's famous ‘Minder Burglar Alarm System.

Superior microwave principle. Supplied as three units,

complete with interconnection cable. FULLY
GUARANTEED.

Control Unit — Houses microwave radar unit, range

up to 15 metres adjustable by sensitivity control.‘ s
Three posilion, key operated facia switch — off — test w

— armed. 30 second exit and entry delay.
Indoor alarm — Electronic swept freq.
104dB output. B!
Qutdoor Alarm — Electronic swept freq. siren. 98dB |
output Housed in a tamper-proof heavy duty metal
case.

Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz. Expandable with door sensors, panic
buttons etc. Complete with instructions. g

SAVE €128 Usualprice £22885
BKE’s PRICE £ 99 . pspcs

SAE for colour brochure

siren.

STEREO
DISCO MIXER

STEREO OISCO MIXER with 7 band graphic T
equaliser and 10 segment L.E.D. Vu Meters, Many

outstanding features.

5 Inputs with individual fader controls:—

2 Mag. turntable, 2 Aux. plus Mic. with talk-over

switch. Headphone monitor. Master output control |

with Hi-Low outputs. Compatible with our OMP

Power Ampilifiers.

Size: 360 x 200 x 120 mm. Supply 240V/50Hz AC.

= DS B
'fg VisA

]

* SAE for current lists. * Official orders welcome. x All prices include VAT. » Sales Counter. %
* Allitems packed where applicable in special energy absorbing PU foam. » Please phone 0702 527572 *
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IEW: |

There could be a whole new generation of solderiniirons just

around the corner. Dave Bradshaw has been trying

the EC50 iron from Litesold.

impacts that electronics will have on the world is to

make hitherto ‘stupid’ devices ‘intelligent’. By this, |
mean that vacuum cleaners, as an example, may have
the ability to modify the power going to the motor to
prevent the usual off-load 'racing that often occurs, and,
possibly, to reduce the noise (if you have ever used an
industrial cleaner, you'll understand the need for this lat-
ter point).

So it is not a little ironic (if you will excuse the
impending pun) that soldering irons haven't changed all
that much — most of those in use in hobby circles are
pretty primitive specimens,

Actually, manufacturers have a somewhat impressive
term for the sort of iron that just about everyone has —
they call them thermally balanced; this means that the
iron’s temperature will settle at the point where the heat
input is equalled by the convection and radiation losses
from the bit and barrel and conduction losses into the
handle.

When the iron is applied to a workpiece, the tem-
perature of the tip will inevitably drop. The iron will then
have to recover after removal off the job. The heat that
goes tothe job comes from boththe heat storedintheiron
betore contact (the heat is stored in the thermal capacity
of the materials in the bit and element) and from the
heat being generated in the iron.

It is here that there is a conflict of design require-
ments. A fairly massive iron would be able to solder
larger jobs than one with a lower capacity, because it
would have a larger reservoir of stored heat to give to the
job. However, it will take a lot longer to heat up a more
massive iron (as well as to cool it down) and it will, after a
fairly largish heat outflow, take longer to recover; also it
will probably be less convenient to use because it will be
‘bit-heavy.

To get round this you can increase the power of the
element. If you've ever had to solder with a more

owerful iron than you would normally use, you'll pro-
Eably have found, as | have, that in some ways it's a lot
more convenient than using a small iron. The element is
so hot that anything you apply the tip to is heated up in
no time at all, and you can work a lot faster than normal.
However, the crunch is that a larger power almost
invariably means a longer barrel, or a much hotter tip, or
both. A longer barrel means that soldering any number of
joints is very tiring, because it's that much more difficult
to position the bit accurately. A hotter tip means that you
run the risk of destroying delicate components or of
stripping off PCB foils.

All this said, it's really quite surprising that simple,
thermally balanced soldering irons work as well as they
do! However, if you're going to be a serious constructor,
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I t is one of my few beliefs that one of the largest

is skills on

it's almost inevitable that you will have to buy two or
possibly even three irons of different sizes to make it
possible to deal with all the soldering requirements you
are likely to meet.

Soldering Electronic

Well, the obvious thing to do is to have some form
of electronic control over the heat supplied to the
soldering iron element. This is relatively simple in
principle — a temperature sensor in the element is
linked to some electronics that turns the element on
whenever the temperature drops below a selected
value. The problem is that the way that this is usually
built is to have a separate control unit, with a special
iron that can be used with only that particular unit.
This is done because it is easiest to control a low
voltage — so the control units have largish transfor-
mers in them to supply the low-voltage soldering iron
element as well as the control electronics (it goes
without saying that the element of a controlled solder-
ing iron is usually rather more powerful than that of
the equivalent thermally balanced unit, otherwise the
controlled iron would actually be worse than the
balanced unit).

This has two main disadvantages: firstly, it makes
the soldering iron/control unit expensive — you'd be
hard put to buy a controlled iron with control unit for
under £50; secondly, it makes the iron a lot less con-
venient to cart around.

Even with a separate control unit, you don’t always
get a particularly flexible unit — with many of them, to
alter the bit temperature you have to change the bit
}tself. This means that you have to let the iron cool off
irst!

Some irons have been made that have a controlled
temperature and don’t need a separate unit; however,
until recently, so far as we know these were not elec-
tronic — they used either the Curie point or some sort
of thermal expansion effect to open and close mains
contacts, with the resulting questionable applicability
to delicate (particularly CMOS) electronics.

Enter The EC50!

It is on to this scene that Litesold have launched
the EC50. This is an electronically controlled soldering
iron but with all the electronics mounted in the
handle. Don’'t worry, there isn’t a mains transformer in
there too, the element operates at mains voltage and
is switched on and off by a triac at zero crossing,

To supply the electronics, Litesold have come up
with a rather neat trick — and before other manufac-
turers copy it, | must point out that it is the subject of
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REVIEW

The soldering iron is shown at
about 65% actual size here.

a patent. Like all really good ideas, it seems so obvious
that you wonder why no one thought of it before.

The trick is this: to get the correct supply voltage
for the electronics, some sort of mains dropper is
required. A dropper resistor is used, but rather than
being in the handle, where its eight watts of disipation
would make the iron uncomfortable to hold, it is
wound onto the element itself, as a separate winding,
so it contributes towards the heating of the element.

The temperature of the element is monitored by a
thermistor mounted right up at the top end of the ele-
ment, so it actually sits inside the bit. According to
Litesold, this thermistor is the single-most expensive
bought-in component in the iron! The temperature of
the iron can be set using a control on the side of the
handle.

Inside is a rather friendly neon (I’'m afraid that I'm
an old reactionary in that | prefer neons to LEDs as
indicators!) which indicates both when the mains is
applied to the iron and when the element is on. One
gripe | would make about soldering irons in general is
that there is no indication of when mains is being
applied — how many of you (like me) have picked up
a soldering iron by the wrong end, thinking that you'd
switched it off some time before? Wouldn't it be a
good idea if more irons had indicators in their
handles?

In Use

Well, no matter how elegant the ideas that went
into the iron, the crunch issue is how well it performs.
This |, and a few other members of the ET| team, were
only too pleased to put to the test.

First of all, 1 tried some PCB assembly work using

the standard bit. The PCB | assembled did have 0.1”
spaced DIL ICs on it; however, there was no tracking
inbetween the pins. Using the standard bit, soldering
was a bit tight, although possible to get a reasonable
job ('m not the world’s most fussy solderer anyway!).
Later, Phil Walker assembled one of our 64K DRAM
boards using the iron but with a special fine-work bit,
and his conclusion that this was actually easier than
using his usual iron, which is a soldering station with a
pointed bit.

ETI FEBRUARY 1984

The heat supp’lyinﬁ.capabilities of the iron were
i

not exactly taxed by this trial, so off | went, scurrying
down into my cellar to see what | could find. After
beating off monstrous spiders, creepy-crawlies, etc, 1.
eventually uncovered two items of valve gear — one
was an oscilloscope that | built many moons ago, and
the second was an old “Williamson’ valve amplifier
that had been donated to me by the father of a feiend
(it's amazing how junk cupboards give up their wares
to you when you mention that you're interested in
electronics!).

The oscilloscope had been assembled using a 25W
iron, coincidentally also made by Litesold but a rather
older vintage, so it was not that surprising that | could
find nothing in it to tax the iron. However, the
amplifier was a different matter.

It was built using a hefty piece of copper wire as a
busbar earth line; besides this it used paper smooth-
ing caﬁacitors as there used to be a time when people
thought that unpolarised capacitors ‘sounded’ better
than electrolytic ones (I've heard that somewhere
before. . .). These capacitors have massive metal ter-
minals, and it looked as though they had been
soldered to the busbar using a b%owtorch (perhaps |
exagerate a little, but only a very little!). Here was a
test!

However, the iron coped admirably with these
joints, making it possible to dismantle them and make
them up again — though this was the only time that |
saw the second section of the indicator neon on for
any noticeable period.

Finally, I used the iron to solder some rather awful
cheap PCB board that | was foolish enough in my
youth to build a whole audio amplifier with. The
board is made fom paxolin, and the copper has a very
bad tendancy to lift off when any heat is applied to it,
making periodical repairs to the amplifier a nightmare.

At first, | used the iron at its temperature setting as
delivered (this is the setting that it was used on for the
other jobs in this report). With this setting, the foil lif-
ted fairly quickly after application of the iron.
However, turning the iron’s temperate down to
minimum made it possible to solder without the foil
lifting — although the fluxes in the solder will
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Please ignore the grubby hand and concentrate instead on
the small screwdriver-setable temperature control. There are
no callibrations, but this, in practice, should not cause f
problems.

obviously have a lower scouring effect at this lower
temperature, making it necessary to tin all compo-
nent leads beforehand.

lan Pitt reports that he tried using the iron for a
number of unusual jobs, including soldering together
the joint of a small pair of scissors and soldering metal
contact straps onto RR size NiCads, all of which the
iron did successfully.

The only grumble that we all had about the iron
was that the handie got slightly warm in one place —

not so warm as to ever be uncomfortable (but not like
a certain iron that is very common but also sometimes
very difficult to hold!), but enough to be noticeabie.

Conclusion

in my opinion, this is rather an excellent tool that is
a pleasure to use (in fact | hope that Litesold don't
want the test iron back!). Although it is a lot cheaper
than a soldering station, it is still around four times the
Erice of a conventional soldering iron, so you would

ave to do quite a lot of soldering to justify the cost.
That said, for use away from the bench, it is obviously
much more convenient to be able to carry just one
iron rather than several.

The EC50 costs £26.19 direct from Litesold, and this
price includes P&P and VAT. Litesold’s full name is
actually Light Soldering Developments Limited, and
they may be found at 97/99 Gloucester Road,
Croydon, Surrey CRO 2DN, telephone 01-689 0574/5/6.

ETI

ELE-SCOPE 200S

Look into the World of Electronics with the Tele-Scope. 10MHz
storage for less than £100.

Capture those elusive waveforms on your own T.V. Screen. The
Tele-Scope converts analogue datato adigitalformat forstorage in
its memory, displaying continuously until refreshed with new data.
Buildityourselffor£89 (exclusive of VAT and package and posting),
orbuy it built and tested for £109 (excluding VAT and package and
posting). Package and posting for either unitis £2.95.

The manual is available for £2.00 which is refunded on subsequent
unit purchase.

Also available from Hawk are Apple expansion |/O Cards with 32
channels of controlability, or convert your Apple to an IEEE Con-
troller with GPIB Controller card (interfaces directly in Applesoft!)
£49.50 and £189 respectively (excluding VAT).

For more data contact:-

HAWK ELECTRONIC TEST EQUIPMENT

Bircholt Road,

Park Wood Industrial Estate,
Maidstone, Kent ME15 9XT.
Telephone 0622 686811
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Your SPECIALIST SUPPLIERS for

CONNECTORS

ALU

e

example of how much better

Elgctrovalue serves you.

Piease mention this journal when getting.in
touch with Electrovalue.

D SERIES CONNECTORS

9, 15,25, 37 or 50 way connectors with corresponding covers andretainers. Gold plated
contacts. Max. current per contact — 5A,

iD CONNECTORS

For connecting ribbon cable to PCBs. Insutation Displacement Type; 16, 20, 26,34 and
40 way, 1A per socket. Straight or right angle plug fitting; cable socket has strain
relief.

RPC CONNECTORS

5way and 7 way chassis plugs and sockets. DIN style tayout. Gold plated pins. 250V/5A
rating per socket

OTHER TYPES )
Edge connectors. DIN, jack plugs and sockets, phon, QG, B8NC, UHF and power:

BRITAINS LEADING QUALITY COMPONENT

SUPPLIERS -SEND FOR FREE 32 PAGE A-Z LIST
ATTRACTIVE DISCOUNTS: FREE POSTAGE-GOOD SERVICE & DELIVERY

ELECTROVALUE LTD et

Englefieid Grn,
Egham, Surrey
Phone (0784) 33603; Telex 264475  TW200HB
North - 680 Burnage Lane, Manchester (061) 432 4945
EV Computing Shop:
700 Burnage Lane, Manchester (061) 431 3866

Not only will you find a wide

selection of alt the usual types

you may require in our A-Z pro-

ducts list; there are also many

others made necessary by

today's ever advancing elec- 5

tronics — just one more x

hvu\mn'l
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TRANSTEL DOT MATAIX PRINTER. Compact Seral Inter-

face, 230 Voita £85 sach.

#' MONITOR. CASED Non Standard With Info £20 sach.

12" MOMITOR. CASED Non Standard With Info £15 each.

COSSOR OSCILLOSCOPE CDU150. Dual Trace 35MHZ

Delay Sweep €193 each.

BOLARTRON OBCILLOSCOPE CD1400. Dual Beam 15 MHZ
each.

TELEQUIPMENT O8CILLOSCOPE 854 Single Beam 10MHZ

Sohd State £110.

ADVANCE SIGNAL GENERATOR type SG828 15KHZ-

220MHZ CW/Mod £60 sech.

METRIC WOBBULATOR type 210 5-220MHZ with manual

£28 each.

AVO TRANSISTOR TESTER type TT168 with leads. As new.

£20 each.

GEARED MOTOR 117/234V50HZ Input 4" diax 5"« deep '’
shalt NEW. £8 ea. PAP £4.

240VOLT AC MOTOR (Turntable style) Size 82 x 75 x 78mm.
Shaft 43x4mm dia £1.50 es PSP €2

MOTOR 12V DC Input 3" dia xd'a” deep '«" shaft New £3 80
eech P4P £3.

SYNCHRONOUS MOTOR 2 Phase 9 voit AC 375 RPM Good
torqua (nesds 10-40mfd capacitor) Can ba used as 0C STEP-
PING MOTOR. 8 STEPS PER REV. £1 each.

STEPPING MOTORS AVAILABLE
PLEASE ENQUIRE

GEARED MOTOR 120V 50HZ 4 Watt 1 7pm 2' dia x 1% deep
£1.50 sach.

TORIN SNAIL TYPE BLOWER 230V 22 Watts. Overall size 5 x
1" €4 ench PEP (2.

CENTAUR FANS 417 115V New £4.50 o8.

MUFFIN 115V 4w Unused £3 ea. PP

TRANBFORMERS — All Brand Mew. All 240 Voits input

58C 25.5 Voits 2.5A Size ' x 2% x 2's" £2.80 each.

Sec 115V 1A jAulo) — £1.25 esch.

Sec BV 1.68A — £1.30 sach.

Sec 12V 100MA — B0p each.

TRANSFORMER C-220 — 240V Input. Sec 0-12V & 0-24V 1
Amp (2 windings} £2 sach.

TRANSFORMER 120V Input. Sec 10-0-10V 1A — 75p eech
Sub-Min Transformer 0-120-240V Input Sec 12-0-12V4AVA
—78p ea. 10 oft £8.

TOROIDAL TRANSFORMER 0-115:230V Input. Sec 13.5-0-
13.6VAVA £1.50 sach. 10 off £12.

TOROIDAL TRANSFORMER 0-120-240V Input Sec 0-12V, 0+
12V 10VA per winding. Encapsulated £4 each. 10 off £35.
Sub-Min PULSE TRANSFORMER. Sec cenlia tepped Sut-
able Thyristor tnggering 20p each 10 olf £1 80.
QREAREDMOTOR 115/240Vinput 1rpm Size 2% inchdiameter
by 2w inch £4 sech plo £2

RAPID DISCHARGE CAPACITOR 8 mfd 4KV £5 sech. PAP

€2.

E.H.T. CAPACITORS 200p!; 5000, 10001 8KV 20p e8ch. 10

o £1.60. ]

ELECTROLYTICCAPACITOR 15000 mfd 26V 20p each. 10
t£1.80.

ILLUMINATED ROCKER BWITCH. 2 pole 250V 8 Amp
Orange — 80p esch. 10 off £4.

SLOTTED OPTO SWITCH with data — SOp esch. 10 oft £4.
SPECTRAL RELIANCE TEN TURN POT. 100 ohm; 500 ohm.
Brand Naw. 78p sach. 10 off £8.

SLIDER POTENTIOMETER Twin Gang 200K, 2M — 38p
sach. 10 off €3, Swing Gang 10K —25p sach. 10 off £2.
PANEL MOUNTING FUSE HOLDERfor 1%"fuse — 20psach.
10 ot £1.80. )

| EXECUTIVE TELEPHONE-PUSH BUT-

BELLINGLEE CHASSISMOUNTING FUSEHOLDERfor 1'4
fuse — 15p esch. 10 off £1

1.E.C. MAINSLEAD — 2 metre length Heavyduty— 60p sach
1001t £5,
TRANSFORMERS brand new 120/240Vinput. Secondary 15V
OAA twice. P.C mounts£1.50 sach. Sec8V0 33Atwice £1.50
each. Sec BY 0.5A twice £1.90 each. Sec 20V 0 15A wice
£1.50 asch, Sec 12V0 96Atwice £1.50 mach, Sec7 5A3 J4A
twice £3 each. Many gthers avaiable. Pleass enquire.
ODUBILIEA E.H.T. CAPACITORQ 025 MF.C 5xV £ sach.
MICROPHONE/EARPIECE INSERTS, Brand New 75p each.
100/t £8,
TOKINNOISE FILTERVF215FU 250VAC 15A 50/601HZ With
fixing bracket New — €2 each
CINCH CONNECTOR STRIP 12 way 4BA Screw connection
an both aides - 35p esch. 10 off £3.

INFRAREDQUARTZ LAMP 230V 820 Watts. Size 13'2x '« "dia
— £1.80 aach. 10 oft £10.

FERRANTI PHOTOCELL TYPE MS15 — 50p each. 10 off
£4.

YU METER Scaled 0-5.Size 1'2 x ™" — SOp each 10 0ff £4
.T.T. LOUD SPEAKER. 2% dla. 80 ohm 0.2 Watt. New ~
75peach. 10 off £8 5O.

PCB KEYBOARD PAD 19 Push Contacts 0-9: A-F plus 3
optional — £1.50 each, 10 off £12.

KEY .12 0-9:+
Abiank 3178 3x 24 £ 2" high — €4 each. Soft £15. PAP £3
VARIAC 2 Amp Ex-equipment Good candition ~£12 each
P&PLC4.

E.H.T. Ceble, Ovarall dia 5mm — 10p per metre. 100 metre
drum £7.80. P&P €4,

Multi colour RIBBON CABLE 10 way — 80p per metre, 10
metrea €4: 14 way — 75pper metre; {0 matres £6, 100 metres.
£40.

LED. type TIL20S. Red with holder — Bp esch. 10 off 70p.
Dual In Line 6 pin OPTO COUPLER 25p es. 10 off £2. I.C.
BOCKET 16 pin 8p se. 100 0ff £8.

EPROM. Texas 2584 £3 sach. REGULATOR TYPE 7812 —
30p ea. 10 off £2.50.

MOBPOWER FET type VMP1{TO 2) £1.50 each

DIODES — 1N3470, 1N3063; 1544; BAX13 —100 off £1.80,
1000 off £10. 1N4002 — 3p; 1N4003 — 4p.
TRANSISTORS — PN3704 — 5p. 2N3964 —50p; 2N5449 —
Sp; BC107 — 8p; TIPB4D —B0p.

BRIDGE RECTIFIER — CSC type BOSS — 20p each. 10 off

£1.80.
TANTALUM BEAD CAPACITORS 0.1mfd 35V. 10 off £1. 100

oft £7.50.

CAPACITORS — 0.047 25V, 0,005 100V: 0.47 12V 0.001 200V
10 oft 30p. 100 oM £2.

TRANSFORMER 240V fnput Sec 2KV 10MA Size 80 x 70x-
110mm. Ex-eq. £4 esch PAP £2

BURGESS HEAVY DUTY MICROSWITCH with Lever & arm
75pan. 10 oH £8.50. _ R

HONEYWELL H/DUTY MICROSWITCH with Button 80p
esch 100t 5.

TON. Functions include 10 number
memory, repeat dialing, internal Mic-
rophione & Speaker and separate handset
etc. Will connect direct to British Te ‘ecom
System. BRAND NEW. ONLY £25 ea.

Minimum Ovder of Geode 3. Minimum PRP
£1.09. VAT st 1% MUST be added to TOTAL OF
00008 & PACKAGING.

Many more

S.AE or — .-‘MK

STEWART or READING

1% WYKEHAM ROAD, READING, BERKS. RGS 1PL
Tok: 0734 00041

_Callers welcome 9 am-8.30 pm Monday to Saturday inclusive

|

L Bty i with Acoes

LB ELECTRONICS

FRUSTRATED EXPORT ORDER BRAND NEW
& BOXED. EPSON FX80 PRINTERS £350.00
+ VAT (carriage £12 tnt)

GOULD MMG 5-10 switched mode PSU 5 volts 10 amp 220 Volt
input size approx 612"x2%"x3'%." weight 1 kilo £25 p/p £3.
LOGITEC FT50001 dot matrics printer 100cps, friction/tractor
£289 + VAT. Carriage £10. S.A.E. leaflet plus print-out.

PRESTEL monitors 6" green phosphor screen 12 digit keyboard
printer port, cassette port, keyboard port (for full qwerty keyboard)
Brand new and boxed £175 + VAT. Leaflet S.AE.

Atthe time of going to press we are attempting to modify these units into a com-
puter terminal with built in modem. Please phone for details.

DISC DRIVE BONANZA

TEAC FD-55F Y2 Height DSD 80 track/
40 track selectable at our new low price £199 + VAT. £8 carriage.
Shinon ' height 5%" drive, 40 track, brand new, single sided, double
density £140 + VAT. Carriage £8.
Justarrivedfullgwerty keyboard plus numeric padcompletelycased
(x equipment) believed to be RS232 £16.95 (callers only)
25 WAY ‘D’ Types, plugs £1.85, sockets £1.85 (solder tail) p&p
30p. Telephone for bulk prices.
Brand New Vero Card racks 3u 24 slot £12.00 (callers only).
Twin 5” Cabinets with power supply £40.00 + VAT (providing a
disc drive is purchased from us, if drives purchased elsewhere
£50.00 + VAT).
9” Green Phosphor Monitors Brand New and Cased Composite
Video Input 18mhz band width £80 + VAT each (carriage cost)
Brand New 13" Colour monitor fully cased. Full warranty 540 x
236 pixel. RGB TTL Input plus apple [nput €160 + VAT
(carriage at cost).
26 WAY |IDC Socket plus 1% meter ribbon cable £2 p/p 35p.
40 WAY IDC to 40 way IDC (Female plus 7 meters of ribbon £5 p/p£1.

11 HERCIES ROAD, HILLINGDON,

MIDDLESEX UB10 9 LS, ENGLAND
TEL: UXBRIDGE 55399

LB ELECTRONICS [==
=

probe.

EE: I
I Address

G.S.C. (UK) Limited, Dept. 92

Unit 1, Shire Hill Industrial Estate,

Saffron Walden, Essex CB11 3AQ. I
Telephone: Saffron Walden (0799) 21682 L or American Express

Telex: 817477.
ETI FEBRUARY 1984

Logic Probe..YOU!:,

With this easy-to-build Logic Probe Kit from GSC and just a
few hours of easy assembly — thanks to our very descriptive
step-by-step manual — you have a full performance logic

With it, the logic level in a digital circuit is indicated by light
from the Hi or Lo LED; pulses as narrow as 300 nanoseconds
are stretched into blinks of the Pulse LED, triggered from
either leading edge. You’ll be able to probe deeper into logic
with the LPK-1, one of the better tools from GSC.

GLOBAL SPECIALTIES CORPORATION r N N .

‘Guess who builds this great

¥ ror

Complete,

. easy-to-foliow

i instructions

help make this a
one-night project.

GLOBAL SPECIALTIES CORPORATION. DEPT 92

Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex:

Inc P&P and 15”% VAT

LPK-1 £17.83 |

| enclose cheque/
PO for £ _

FREE Catalogue
tick box([7]

Phone your order with Access, Barclaycard

Card No. Expiry date
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COMPUTER WAREHOUS

D DISK O

Fulé refurbush BDIABLO/DRE senesg 2.5 Mb dlsk drives.

A, TEXAS compatible.
ront Ioad "Free stand or rack mount
Exchangeable type (via lid removal)
me3028 PSU unit for 2 drives
DIABLO/DRE 44-4000A/B 5+5 ex stock from
1000's of spares for S30, 4000, 3200, HAWK ex stock.
Plus in house reparr, refurbnshmg service.
Call for details or quotation

CALCOMP PLOTTERS

936 3 colour digital incremental, 37" drum, parallel

interface and accessories £2,500.00

7184 colourdigital 8x 5 FEET flat bed & controller

{cost 25,000) 1 only at £1,98
Viewing by appointment.

£350.00
£295.00
£125.00

Keep your hot parts COOL and RELIABLE
with our range of BRAND NEW professional
cooling fans.

ETRI 99XUOI Dim. 92 x 92 x 25 mm.
Miniature 240 v equlpmenl fan complete with

GgeL%uavd. £0.9

B-3AR D|m 3" x 3" x 2.5” compact
very quiet running 240 v operation. NEW £6.95,
BUHLER 69.11.22. 8-16 v DC micro

£993.00

ScoO'P!

HOT LINE DATA BASE

THE ORIGINAL FREE OF CHARGE dial up data base.
1000's of stock items and one off bargains.
ON LINE NOW- 300 baud, fulld;lex CCITT tones, 8 bit

word, no parity.
N :

Cure those unnerving hang ups and data gitches caused
by mains interference.

SD5A As recommended by ZX81 news letter. matchbox
size up to 1000 watt load £5.95
L2127 compact completely cased umit with 3 pin fitted
socket. Up to 750 watts £9.99

BRAND NEW CASED
ORD PROCESSOR
KEYBOARDS

Made by the famous ‘KEYSWITCH'

1000’s OF
BARGAINS

All in one quality computer
cabinet with integral switched
mode PSU, Mains filtering, and twin fan coohnq
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will delivera
massive +5v DC at 17 amps, +15vDC at 1 amp and -15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid, filtering, trip switch, 'Power and 'Run’
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supplied for
240v operation complete with full circuit and tech. man.
Give your system that profoulonﬂ finish for only
649 .95 + Carr. glm 19" wnde 16 deep 10.5" high.

seable area 1
Also available LEss S’su wlth FANS etc. Internal dim.
19"w. 16"d. 10.5"h. £19.98. Carrlage & insurance £9.50.

DRE 7100

8" Disk Drives
New £225 + VAT

corporation, for a well known computer

company’s top of the range word processor at a

miniature reversible fan. Uses a brushless
servo motor for ex!remeg high air flow,

almost silent runnln? guaranteed 10,000
hr life. Measures only 62 x 62 x 22 mm.
Current cost £32.00. OUR PRICE ONLY
£12.95 complete wih dats,
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v
at £10.50. 1000's of other fans Ex Stock.

-all for Details. Post & Packing on all fans £1.60

] price of over £200.00!! Constructed around an

internal INTEL 8048 cpu this superbly styled 106 key
‘keyboard was intended to interface with a main computer via a
TTL serial interface. Standard HALL EFFECT long life switches

are utilised on an XY matrix, buftered by 74 series TTL ic’s to the eight bit CPU
port enabling simple modification to your own custom decoding logic via an
EPROM etc. Many other features for the most exacting user include: numeric
keypad, cursor control pad, ten clear top function keys. LED indicators,
single 5v supply on-off lock switch etc. Supplied BRAND NEW and boxed
with circuit diagram. ONLY £49.95 + £2.00 P&P

SAVE
c=£250
' A

The amazing SOFTY 2. The complete “toolkit”
for the open heart software surgeon. Co |es
Displays, Emulates ROM, RAM andEPR

SUPER PRINTER SCO0P

CENTRONICS 739-2

The “Do Everything Printer” at a price that will NEVER be
repeated. Standard Centronics interface, full graphics,
4 type fonts with high definition & proportional
spacing for word processor applications, 80-132
columns, single sheet, roll or sprocket paper handling plus
much more. Available only from DISPLAY ELECTRONICS
at a ndiculous price of only £199.00

Options: carriage & insurance £10.00

Interface Cable £10.00

FROME19S + CAR. + VAT
Fully fled?ﬂ ed industry standard ASRSS data
terminai. Many features including ASCH
keyboard and printer for data I/0O auto data
detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculously
cheap andreliable data storage. Suppliedin
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

QUALITY INTERFACE CABLES & CONNECTORS

18/38 D25S to 10ft 18 way £

22/2A D25S to 3t 22 way £2. 90
22/38 D25S 10 D25P 9t 22 way £8.50
25/08 25 way cable 5t long 95e

/2C D25S to 16ft 22 way
22/30 D25S to D25P 15t 22 wavEHSO
10148 D15P to 12ft 15 way (BBC} £2.90
12/15 10 way cable 12ft long £1.

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 sheet on request

DATA MODEMS

Join the communications revolution with our
range of EX TELECOM data modems. Made to
most stringent spec and designed to operate
for 24 hrs per day. Units are made to the
CCITT tone spec. With RS232 i/o levels via
a 25 way "D’ skt. Units are sold in a tested
and working condition with data. Permission
may be required for connection to PO lines.

MODEM 2B ‘Hackers Special” tully fledged
up to 300 baud tull duplex, ANSWER or CALL
modes. Data I/o via standard RS232 25 way
‘D" socket. Just 2 wire connection to comms
line. Ideal networks etc Complete with data,
ready to run £85.00
MODEM 20-1 Compact unit for use with
MICRONET, PRESTEL or TELECOM GOLD
etc. 2 wire direct connect. 75 baud transmit
1200 baud receive. Data i/o via RS232 ‘D"
socket. Guaranteed working with data £49.95
MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit. £130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
half duplex mode over 2 wires £130.00
MODEM 13A compact, async. same size as
telephone base Up to 300 baud, full duplex
over 2 wires, but call mode only £75.00
DATA PUMP MODEM compact unit up to
1200 baud full duplex over 4 wires or haif
duplex over 2 wires. BELL specification with
data i/o via R§232 25 way D socket, remote
test etc. 240 v operation. Supplied complete
with data £65.00 carr. £4.50.

[ For more information or detais of olher types

of ex. stock modems contact sales office

Carnage 13A £4.50. 2B/C'& 20 £9 50.

366 PCW

D25S ex equip 60p D25S socket new£1.28 D25 split shells£1.00

The FABULOUS 25CPS TEC Starwriter

WaT omnsf e
Diew a % 707077
Made to the very highest
spec the TEC Starwriter
FP1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
offer full DIABLO/QUME
command compatability
and full control via CPM Wordstar etc.

Many other features include bi directional

1 printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto
163 characters per line, friction feed rollers for single sheet or continuous paper,
internal buffer, standard RS232 serial interface with handshake.

Supplied absotutly BRAND NEW with 90 day ?fuarantee and FREE daisy wheel
and dust cover. Order NOW or contact sales office for more information.
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed
£140.00. Spare daisy wheel £3.00. Carriage & Ins. (UK Mamland) £10.00.

[ 66% DISCOUNT =

/.

COMPONENTS
EQUIPMENT

times what you pay. Unbeatable value!! Sold by weight.
2.5kis £4.25 + pp £1.25
10kls £10.25 + pp £2.25

ALL PRICES PLUS VAT

Altprices quoted are for U.K. Malnland, paid cash with order in Pounds Stirfing PLUSVAT. Minimum ordervalue£2. 00

SUPER DEAL? NO — SUPER STEAL'!

Daisy wheel printer at a fraction of its original cost,

53" VGW

:Due to our massive bulk purchasing programme which enables us to bring you the best possible
bargains, we have thousan-s of 1.C.'s, Transistors, Relays, Cap s, P.C.B.'s, Sub-assemblies,
Switches, etc. etc. surplus to our requirements. Because we don't have sufficient stocks of any
one item to include in our ads. we are packing all these items into the "BARGAIN PARCEL OF A
LIFETIME". Thousands of components at giveaway prices! Guaranteed to be worth at least 3

5kis £5.90 + £1.80
20 kis £17.50 + £4.75

VIDEO MONITORS

12” CASED. Made by the British KGM Co.
Designed for continuous use as a data
display station, unit is totally housed in an
attractive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
controls mounted to one side. Much
attention was given to construction and
reliability of this unit with features such as,
internal transformer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards - which hinge out for
ease of service, many internal controls for
tinearity etc. The monitor accepts standard
75 ohm composite video signal via SQ239
socket on rear panel. Bandwidth of the unit
is estimated around 20 Mhz and will display
most high def graphics and 132 x 24 lines.
Units are secondhand and may have screen
burns. However where burns exist they are
only apparent when monitor is switched off.
Although unguaranteed all monitors are
tested prior to despatch. Dimensions
approx. 14" high x 14" wide by 11" deep.
Supplied complete with circuit. 240 volt AC
operation. ONLY £45.00 PLUS £9.50 CARR.

24” CASED. Again made by the KGM Co
with a similar spec as the 12" monitor.
Originaily used for large screen data
display. Very compact unit in lightweight
alloy case dim. 18" Hx 17" D x 22" W. All
siticon electronics and composite video
input make an ideal unit for schools, clubs,
shops etc. Supplied in a used but working

conltlon”.w PLUS £9.50 CARR & INS.
SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors, digitat, linear, |.C.'s triacs,
diodes, bridge recs,, etc. etc. All devices
uaranteed brand new full spec. with manu-
acturer's markin gs, fulty guaranteed,
50+ £2.95 100+ £S.
TTL74 Series A glganhc purchase of an
“across the board" range of 74 TTL series
1.C's enables us to offer 100+ mixed
"mostly TTL" grab bags at a price which two
or three chips in the bag would nnormaIIy
cost to buy. Fully guaranteed alt I.C.'s full
spec. 100+ £6.90 200+ £12.30 300+ £19.50

DEC CORNER

MOSTEK CRT 80E Brand new dual
eurocard, Z80 based VT100 PLUS
emulator with graphics etc £499.00
BALL-MB 35" Box, LTC, PSU £385.00
RKO5-J 2.5 Mb disk drives E“O.M
PDP1105 Cpu, Ram, i/o. 450.00
DILOG DO100 RKO5 LS| 4 x RKOS dnsk
controtter 450.
LAXX-NW [A180 RS232 serial interface
and buffer option £230.00
LAX34-AL LA34 tractor feed £85.00
LA34 Keyboard assembly £75.00
BCO5W:-15 interface cables £28.00
H3178 interface adaptor £295.00
1000's of spares EX STOCK
for DEC PDP8 PDP11 PDP15
+ peripherals catl for details.
ALL types of Computer
equipment and spares wanted
for prompt CASH PAYMENT

, MinimumCredit

Cardorder£ 10.00.Minimum BONA FIDE account orders from Government depts., Schools, Universities and established companies
£20.00 Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat. 10.15 — 5,30,
We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enquities welcome.

32 Biggin Way, Upper Norwood, London SE19 3XF

Telephone 01-679 4414 Telex 27924
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PROJECT

The floor is littered with exhausted HP2s, your home-made solar
power plant has started its winter hibernation, and the gerbil
hasn’t spoken to you since you attached that dynamo to its
exercise wheel. ETI to the rescue with a superb bench power
supply unit from Grenson.

ench power supplies rarely supplies give 0.5A each and are capacitors. Ensure C5 and C11
; Bcome high on the electronics variable over the range +8 to have M4 fibre washers fitted
enthusiasts’ list of essential £16V; asingle control varies over their legs before soldering
test equipment. There must be both supplies, the negative out- them onto the board. This will
many who, having acquired a mul- put accurately tracking the posi- prevent solder flowing through
timeter, 'scope, and possibly a tive one to ensure that the two PCB holes. Check the polarity of
signal generator, are then con- are balanced at all times. All all the components, particularly
tent to go on powering their supplies are protected against diodes and capacitors as these
high-tech lash-ups from a string overload and against external will be destroyed if fitted
of dry batteries. Yet for the really voltages injected into their incorrectly. All wirewound resis-
serious experimenter a power outputs. tors and diodes need to be
supply is virtually an essential, . mounted at least 5" clear of the
the only practical means of Construction board to prevent heating of the
obtaining multiple and dual rail The PCB should be SRBP material. This is par-
supplies which are reasonably assembled first, inserting solder ticularly important with D1, D2,
stable and can be varied in pins then small components D3 and D4.
voltage. Even people who only such as resistors and If you are not building the
use their equipment and skills to semicoductors before the power supply from the kit, you

construct projects from maga-
zine articles (ours of course!) or to
repair ailing electrical equip-
ment are bound to wish they had
one sooner or later. How many
pieces of battery-operated
equipment have you tried to
repair in which the battery com-
partment becomes unusable as
soon as the case halves are
separated?

Fear not, gentle ETI readers,
salvation is at hand. The ETI
bench power supply does just
about everything you could
reasonably ask of such a unit,
costs much less to build than
equivalent commercial designs,
and is even available as a full
kit of parts. It has outputs of
+5V, +15V and —15V all of
which can be varied, and two
meters measuring voltage and
current which can be jointly
switched to monitor any of the
outputs. The +5V supply gives
2.5A and is variable over the ’
range 3-8V. The +15V and —15V :
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PROJECT : Bench Power Suppl

Reservoir capacitor voltages
the voltage on  C1 should be approximately ~ +13.5
! i " C5 " " ¢ +29
4 T CN & —29
Power transistor voltages
collector base emitter
TR1 (+5V supply) +13.5 +5.6 +5.0
TR4 (+15V supply) +29.0 +15.6 +15.0
TR9 (—15V supply) ~=15.0 —28.2 —28.7
1C voltages
pin 4 5 6 7 10 11 12
IC1 (+5V supply) +23 +23 472 OV +6.2  +283 +28.4
IC2 (+15V supply) +38 +3.8 +72 OV +16.2 +28.0 +26.5

Table 1 Voltage check list to aid trouble-shooting. The measurements were made
with the unit running from 240V mains, the outputs set at +5, +15 and ~5V, no
output loads, and with respect to OV.

Vour PIN 10 Fig. 2 (left) Equivalent internal

circuit of the MC1723.

SERIES PASS
TRANSISTOR

FREQUENCY | |
COMPENSApmgq'; CURRENT SENSE BUYLINE S
{' | CURRENT LIMIT ' ;
| 1 A complete kit of parts for this project
"V+P|N12(‘;" { will be available from Grenson Elec- |
T % tronics Ltd, High March, Long March |
' i Industrial Estate, Daventry, Northants |
INVERTING o5 " © NONINVERTING NN11 4HQ, tel 03272 5521. The kit
INPOTEIN &) I MRS will cost £48.50 plus £3.35 post and
[ | | packing plus VAT, making a total of
| | Il £59.62. Alternative:}', the unit is avail- |
I 1 | able built and tested for £82 plus post, ||
: packing, and VAT, making a total of
Vaer PIN 6 0—p f £98.15. Note that the PC8 for this pro-
% II ject will NOT be available through our
i e+ @ V- PINT PCB service.
[ ™ " J —
TEMPERATURE
COMPENSATED

ZENER

HOW IT WORKS

1 1ovis produced from the secondary of

T1 and is full wave rectified via D1, 2, 3,
4. The resulting voltage is then
smoothed by C1 and fed to Q1 collec-
tor, Q1 being biased on by Q2 which is
in turn controlled via pin 10 by IC1. The
output from pin 10 is determined by pins
4 and 5, both being inputs to the control
amplifier on the IC. Pin 6 is a fixed
reference of 7V and is trimmed by PR1
and fed to pin 5, while pin 4 senses the
output voltage via the divider chain R12,
RV1 and R13. Therefore RV1, which is
situated on the front panel, controls the
output voltage over the range 3V to 8V,
' The capacitor C4 is used as an output
filter,

The voltage produced across wire-
wound resistor R6 at high loads, ie
greater than 2.5 amps, is used to operate
the over current protection circuit. This
circuit consists of R9, Q3, R11, PR2, R10
and pins 2,3, onthe IC. The over current
trip level is set using PR2 and is kept
constant over the voltage range by the
action of Q3. The over current mode on

the +5V line has a foldback characteris-

tic, whichresultsina short circuit current
of approximately 1 amp.

The +5Vline is protected from +ve or
—ve voltages injected back into its out-
put by D5 and D6. Full current and
voltage meteringis provided andis calib-
rated using PR3 to set the current meter
and PR4 the voltage meter.

The +15V output is produced in the
same way as the +5V output using the
723 linear regulator. The only difference
in circuit terms is Q6 which ensures a
smoother supply to run IC2 and the
absence of Q3, which is due to the dif-
ference in over current protection.
Whilst the +5V has a foldback mode the
+15 and —15 both go into a constant
current mode. The overload limit on the
+15V is adjusted with PR5.

The output voltage is adjusted in the
same way using RV2, and as on the +5V
line the output is fully protected against
misuse and the injection of other volt-
ages by D12 and D13.

The —15V is produced in a different
way to thatofthe+5Vand +15V. Itdoes
not use an IC but has the control circuit

constructed with discrete components.
Q13 and Q10 areinalongtailed pair con-
figuration and function as a virtual earth
amplifier to control the base of Q11. Any
error in the —15V output is corrected by
reducing or increasing the drive on Q9
via Q8. Fine adjustments to align the
~15V are made using PR10. Hence,
when RV2 on the front panel is adjusted
the —15V should track the +15V across
it's entire range of 8-16V. Overcurrent
on the —15 is the same as on the +15;
constant current is adjusted by PR9. The
circuit Q7, R28, R31, Q12, R36, PRY is
used in place of the IC as in +5, +15 for
overcurrent protectiononthe —15V.The
—15Vsupplyisprotected against misuse
and injected voltages by D18 and D19.
Full current and voltage metering is
provided for the =15V lines and is adjus-
table using PR12 and PR11 for —15 and
PR7 and PR8 for +15V. The 3 pole, 3
way rotary switch SW2 provides switch-
ing between outputs for the meters so
that they can indicate voltage and
current simultaneously for each line.
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= PARTS LIST. _
| Resistors (all %W, 5%, unless other- RV1 ng ISg;mzconductors MC1723
wise stated) RV2 i 149 IN3232
4 PR1,3,5,6,7, 470R horizontal Q1, 4,
R0 10OR 9,10, 11 skeleton preset Q2,5,8 11 2N3053
52 10R PR2 2k5 horizontal Q3,6,7 BC107
R3,5,15,18, 19, skeleton preset Q10,13 MM4002
22,29,30,33,36 47R PRY, 8,12 10K vertical Q12 BCY70
R4, 23, 28, 31, skeleton preset D1,2,3,4,5,6,
ok o 12,13,18/19  BY255
' D7, 8,9, 10,14,
R6 R33 3w 15,16, 17 BYX36
wirewound D11 1N4148
R7, 8 330R Capacitors
R9, 34, 38 2k2 1 5000u 16V
R11 100k electrolytic Miscellaneous:
R12 10R, 2W &2 100u 25V M1, 2 T1mA FSD meter
R13 47R, 1W electrolytic sSwi mains toggle, 2A
R14 1k0 3W wirewound €3,8,9,12,13  10n 50V ceramic 250V
R16 5ké Cc4 1000u 25V radial SwW2 3 pole, 3 way rotary
R17 220R electrolytic switch
R20,35,37 1R8 4W G5, 11 1000u 40V radial X
‘ wirewound electrolytic PCB; IC sockets; M4 fibre washers;
| R21 10k C6 470u 40V radial Heatsinks; insulated terminals;
| R24,25,39 470R, 2W electrolytic mains fuseholder and fuse; knobs;
R26 1k2 Cc7 10u 63V radial mains neon; Case; mains cable and
R27 1k5 electrolytic strain-relief bush; solder tags;
R40 680R, 2W Cc10,14 220u 25V radial insulating kits for the power transis-
R42 12k electrolytic tors; nuts, bolts, washers, etc.

o

20V ACH

20V AC

i OV AND SW2b

p——it= RV2 WIPER

+15V QUTPUT
AND SW2b

"'Wﬁn—&qsv ouTRyUT
e s

Fig. 3 Overlay diagram of the PCB,
A4

AT
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PROJECT : Bench Power Supply

will have to find and drill your
own case. The case supplied
with the kit and used in our pro-
totype measures about 265 x
130 x 180 mm, and almost any
case of about the same size or a
little larger should be suitable.
However, you should bear in
mind the weight of the transfor-
mer and choose a fairly sturdy
case, preferably steel rather
than aluminium. Drill out your
case to suit the components, if
possible following the layout
used in the prototype and shown
in the photographs, but don’t
worry if this proves difficult
because the layout is not critical.

Mount all the front panel
components except the two
meters which are fragile and
best left until last. The rotary
switch, SW2, is best wired before
fitting into place, but don’t ter-
minate the ends of the wires to
PCB pins yet. Take care when
tightening RV1 and RV2 as over-
tightening will cause damage to
the potentiometers,

Wire RV1, RV2 and all of the
output sockets to form a loop
which passes horizontally
behind the front panel slightly
above the components con-
cerned. Make up the two heat-
sink assemblies ensuring that
each power transistor (Q1, Q4,
Q9) is properly insulated using
mica washers and bushes. A

smear of silicone grease under
each transistor and mica washer
helps heat transfer from the tran-
sistor case to the heat sink. Take
the three leads from each power
transistor through their respec-
tive grommets, the collector con-
nection being via a solder tag on
the transistor mounting screw.

Mount the transformer and
use a large capacitor clip to
mount C1 vertically near the
front panel. Fit the mains fuse
holder and cable clamp to the
rear panel, then wire the fuse,
switch, neon and the transfor-
mer primary, taking care to
ensure that a good earth is
established by cleaning paint off
under the heatsink mounting
screw and using a solder tag,
Wire the transformer secondary
and C1, using the solder tags.
The PCB can now be fitted into
place, and all wires terminated
to the relevant solder pins. Start
with the transformer secondary
and power transistors followed
by the output sockets and
voltage pots and finally the
rotary switch.

Itis best to leave the meters
off until the unit has been tested
so as to avoid the risk of
damage. When all has been
checked and found to be work-

ing, wire the meters to the

appropriate connections on the
rotary switch SW2.
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Setting up

When the time for switch on
comes there are two options; a)
use a variac and wind the input
up slowly or b) just switch
straight on!

If a variac is available, initially
supply the unit with a few volts
only, Having ensured that the
unit is not taking large amounts
of mains current, check that the
polarity of the DC unstabilised
voltages across the terminals of
C1, C5 and C11 are correct. If all
is well, increase the mains sup-
ply slowly whilst measuring the
outputs to ensure that they are
rising a few volts behind their
respective unstabilised supplies
and are correctly polarized. With
RV1 and RV2 set at midway, the
outputs should start to stabilize
at their nominal values. If the
outputs are correct, increase the
mains supply to 240V and pro-
ceed with the setting up.

If you intend to switch the
unit straight on, double check
the connections throughout the
unit, paying particular attention
to the mains fuse, transformer,
smoothing capacitors C1, C5
and C11 and the power transis-
tors Q1, Q4 and Q9. Make
sure all the diodes and IC’s are
the right way round! Set pots
RV1 and RV2 to mid range. If
all is well, 2.5V-4V should appear
at the 5V output, with 8V-11V on
the £15V terminals.

With the unit switched on and
working, rotate RV1 on the front
panel and check that the +5V
output varies from approx-
imately 3V to 8V. Adjust PR1 on
the PCB to set the upper and
lower limits accurately.

Compare the voltages on the
+15 and —15 volt outputs and
adjust PR10 on the PCB until the
-15V output agrees with the
+15V output. Rotate RV2 on the
front panel and check that both
outputs swing in tandem from
approximately =8V to 16V,
then adjust PR6 on the PCB to
set the upper and lower limits
accurately.

The next stage is to set the
overload protection circuits on
each output to the appropriate
trip values, and this is most
easily accomplished using vari-
able resistors as the loads.
However, don't worry if you can’t
get hold of any variable resistors
with a high enough power rating
because, with a little care, it is
perfectly possible to set the
levels using only a few odd fixed -
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PROJECT : Bench Power Suppl

wirewound resistors.

Assuming the use of a 10
ohm 20 watt variable load resis-
tor and a current meter in series
between the +5V output ter-
minal and the OV terminal, set
PR2 fully anti-clockwise and
the resistor to minimum load, ie
10 ohms, and switch on. With
RV1 set to give maximum output,
adjust the load resistor to give
2.75 A current reading on the
external meter. Slowly turn PR2
clockwise until the current just
starts to fall. If the load is now
increased the output voltage
and current should collapse.
Leaving PR2 set, return the
load resistor to 10 ohms and
repeat the test first with RV1 set
fully in one direction and then
the other, checking that the
current limit remains the same
from 3 to 8V output. The short
circuit current should be equal
to or less than one amp.

If you only have fixed value
wirewound resistors to hand,
choose one or more to give a
value which will draw 2.75 A at
between 3 and 8V. Thus a 1.2
ohm 10 watt, a 2.7 ohm 25 watt,
or anything in between would be
suitable. Connect this resistor or
resistors in series with the meter
across the +5V output and
adjust the voltage until the
meter reads 2.75 A. Slowly turn
PR2 clockwise until the current
just starts to fall, then reduce the
value of the load resistance
either by shorting it or, pre-
ferably, by placing another
similar value of resistance in
parallel with it. The output
voltage and current should now
both collapse. If you have suffi-
cient wirewound resistances to
hand, make up another load
resistance of a different value so
that you can repeat the test at a
different output voltage.

The procedure for setting
the +15V current limit is the
same as for the +5V except for
the values and the constant
current characteristic of the 15V
lines. The ideal load would be a

.50 ohm, 50 watt variable resistor
in conjunction with a1 amp FSD
meter connected between the
+15V terminal and the 0V ter-
minal. With PR5 turned fully anti-
clockwise, the output current is
set to 0.55 A and PR5 slowly
adjusted clockwise until the
voltage just starts to fall. The
output current should remain
the same at any overload level.
Check the current limit is the
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same across the +15V output
range, and note that the —15V
line should collapse with the
+15V line even though it is not
loaded.

The —15V output is set up in
exactly the same way as the
+15V output, except, of course,
that the meter and load resistance
are connected between the —15V
and OV terminals. With PR9
turned fully clockwise adjust the
load resistor to give 0.55 A, then
slowly turn PR9 anti-clockwise
until the voltage just begins to
fall. Again, the output current
should remain the same at any
overload level, and you should

check that limiting takes place at

the same point across the —15V
voltage range.

As with the +5V output, the
*15V outputs can be set up
without variable loads by
choosing suitably rated resis-
tors whose value is such that they
will draw 0.55 A at between 8
and 16 volts. A 15 ohm 5 watt,
27 ohm 15 watt, or anything in
between could be used. The pro-
cedure is then the same as that
given above except that the
current is set to 0.55 A using the
output voltage control, RV2, and
you will have to check that the
current remains the same for all
overload levels by placing resis-

_tors in parallel with the load to

reduce it in value.

If all is well so far, you are
now ready to install the meters.
M1 is the voltmeter and M2 is
the current meter, and they
should be connected to SW2 in
accordance with the circuit
diagram and taking great care to
observe polarity. Set both
meters mechanically to zero
using their centre screws, then
switch on the supply and set the
+5V output to 5V exactly using
an accurate external meter. Set
SW2 in the +5V position and
then adjust PR4 until M1 reads
correctly. Connect an ammeter
and variable load resistor in
series across the +5V output
and adjust the resistor to give
exactly 2A reading on the meter
(if you don’t have a variable
resistor with a high enough rat-
ing, choose one or more
wirewound resistors to give 2A
or a similar current which is
clearly marked on both meter
scales). Adjust PR3 until M2
agrees with the reading on the
external ammeter.

Turn SW2 to the +15V posi-
tion and use an accurate

voltmeter to set the +15V output
to exactly 15V using RV2. Adjust
PR8 until M1 agrees with the
external voltmeter. Connect an
accurate ammeter in series with
either a variable load resistor or
a network of fixed wirewound
resistors across the +15V out-
put so that a current of 0.5 A is
drawn, then adjust PR7 until

M2 reads 0.5 A. Repeat the pro-
cedure for the —15V supply with
SW2 setto —15V and using
PR12 to adjust the voltage
reading on M1 and PR11 to
adjust the current reading on
M2,

Trouble Shooting

The bench power supply is
quite straightforward in its con-
struction, and provided you have
followed the guidelines given you
should have no problems getting
it to work first time. If, however,
you are unfortunate enough to
encounter difficulties, the follow-
ing notes should help you to sort
itout.

If, on switch on, the fuse
blows immediately, check very
carefully the mains wiring up to
the primary of the transformer; it
1s very unlikely that a tault on the
secondary of the transformer will
cause the mains fuse to blow. If
the fuse remains intact but the
unit gives no output at all, check
the wiring around C1, C5, and
C11 and the orientation of the
rectifying diodes. The correct
voltages to be found on these
three capacitors are given in
Table 1. Check also the wiring of
the three power transistors and
make sure that the voltages on
them agree with those given in
Table 1. Next, check the +15V
circuitry in detail since a fault
here will prevent any voltage
appearing at the +5 and =15V
outputs even if these are work-
ing correctly. This is because the
+15V line supplies the drive for
the +5V line, and the —15V line
is designed always to mirror
exactly the voltage appearing on
the +15V output. The +15V cir-
cuitry is also the first place to look
if the unit works correctly on the
+5V output but not on the +15
and —15V outputs. The voltages
which should appear on IC1 in
the +5V circuitry and 1C2 in the
+15V circuitry are shown in
Table 1.
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Discover a full colour monitor

for less than £200

which is compatible with the

majority of small Micros

£199.95 + VAT & CARRIAGE

*SUPERB GRAPHIC RESOLUTION
*UNIQUE GREEN TEXT OR FULL COLOUR OPTION
*COMPOSITE/RGB INPUTS

CLEF ELECTRONIC M USIC

MICROSYNTH

22 Octave Music Synthesizer with two Oscil-
!Ya'ors. two Sub-Octs. Switched Routing and

Acompt offer.
g the luil range of Synth Music & eftects
FULL KIT £137 Also available in 3 parts:

PERCUSSION
MICROSYNTH

TwoChanreltouch Sensative ynii plus

WORL DWIDE REGISTERED TRADEMARK BY
NOE T E1EUTHONIER 10 171D OMGIONG & NOWE X L T

Aand external triggering
COMPONENT KIT £89

vitnable angle L F.O. phaser, internal

: o D 5o -aar
- ) 2

BAND-BOX &8s
THREE PIECE BACKING BAND

Generates the sounds of three instrumentalists
to back Soloists

DRUMS + BASS + KEYBOARDS
Over 3,000 chord changes {60 scores) on 132 dit-
ferent chords - extendable to 200 scores. Master
Rhythm also required.

FULL KIT £235 EXTENSION €827

88/72 NOTE PIANOS
SPECIALISTS SINCE 1 972

Using Patented
tion of Puano Key inertia.

*SPECIFICALLY DESIGNED TO DISPLAY THE

OUTPUT FROMMICRO COMPUTERS ge please complete and return to® bar programming. Sequonce‘opera-
*SOUND WITH BUILT IN SPEAKER AND VOLUME glnsn;v DISTRIBUTION L:mlled.Z%S/ smasv;n:u l;%a;’,% ﬁ!%&ﬁx?s?fnb vgg\':’;gé;\%t%r?am tone adluaé_n
CONTROL Twickenham, Middx Tel. 01.891 1923/151 elex 22 72 NOTE €383 |
*ATTRACTIVELY DESIGNED METAL CASE IN Name.... STRING ENSEMBLE  £198.50
BEIGE AND DARK BROWN ROTOR-CHORUS £98.00

! Address.

*FULL 12 MONTH GUARANTEE !
The full range of NOVEX MONITORS are |
avaitable through dealers nationwide. l
Dealer enquiries welcome,

For further detaits and stockists of the NOVEX MONITOR

AR L

SToCRPORT

TEL (6T a3e 40wl

COMPONENT KITS
including Keyboard

88 NOTE £26¢

72 NOTE £234

The above may also be pur-

chased in four parts.

DOMESTIC KITS
inc. Cabinet, Pg.,&Spkr. Twenty-Four Rhythm programm-
88 NOTE £442
72 NOTE £308

ALL_PRICES INC. VAT, CARR, 8 TELEPHONE ADVICE
SAE. for full Specs & MANF PRICES. VISA-ACCESS

to give simuls-

MASTER RHYTHM
PROGRAMMABLE DRUMS
able Urum Machine with twelve

instruments. Eight sections are ex-
tended to 24/32 measures for two

SQUARE FRONT KEYBOARDS
88 NOTE £60 49 NOTE £29
73NOTE £850 30 NOTE £19
KSVEWITCH ITEMS ALSO AVAIL-
ABL

An in-depth series in understanding

today’ world of electronics.

From'Iexas Instruments.

The Understanding Electronics Senes was specially
developed and written to give you an in-depth knowledge of this
world.

Each book is comprehensive, yet easy to understand. As
informative for the electronics buff as for someone who's simply
interested in what's going on today.

Together the library will give you the most complete range
of titles available. Take advantage of our specal offer and choose
the book, or books you want from the titles below. You'll find
whole new worlds of advanced technology unfolding before you.

L Understanding Electronic Control of Energy Systems..

tst edition. Ref. LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, intemal combustion engine, solar and nuclear
systems. Softbound 272 pages. £4.50.

2. Understanding Electronic Security Systems.

Ist edition. Ref. LCB 720L A complere guide covenng the basics of hard

wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applicanons. Softbound 128 pages. £2.95.

3. Understanding Solid State Electronics.

3rd edition. Ref LOC 3368 The principles of solid state cheory. It explains
electrical movement, with intermediate tuition on the applicanons of solid
state devices. Softhound 282 gages £4.50.

4. Understanding Digital Electronics. st edition Ref.LCB 331L
Describes digital electronics in easy-to-follow stages. It covers the
main families of digital integrated circuits and data processing systems.
Softbound 260 pages. £4.50.

5. Understanding Microprocessors. ist edinon. Ref. LCB 4023.
An in-depth look at the magic of the solid state chip. What they are, what
they do. Applicanons of 8-bit and 16-bit microprocessors, and design
from idea to hardware. Softbound 288 pages. £4.50.

6 Understanding Computer Science. 15t edition. Ref. LCB 5471
This book tells you 1n everyday English how today’s computer has
been developed, what goes on inside it, and how you rell it what to do.
Softbound 278 pages. £4.50.

ETI FEBRUARY 1984

7. Understanding Cc ications Sy
Ist edition. Ref, LCB 4521 An overview of all types of electronic commiuni-
cations systems. Softbound 282 pages. £4.50.

8. Understanding Calculator Maths. 1s: edision. Ref. LCB 3321
Brings togsther the basic information - formulae, facts, and mathematical
tools—you need to “unlock” the reat power of the hand-held calculator.
Softbound 230 pages. £4.50.

9. Understanding Optronics. Is: edinon. Ref. LCB 5472,
Optronics 1s the application of light and electronics to perform a wide

range of useful tasks. From car headlights to missile guidance systems.
Softhound 270 pages. £4.50.

10. Understanding Automotive Electronics.

Ist ediion. Ref LCB 5771 Leam how electronics 1s being applied t6
automobiles. How the basic mechancal, electrical and electronic functions
and the new microprocessors and microcomputers are being applied 1n
innovative ways for vehicle drive train control, motion control and
instrumentation. Softbound 288 pages £4.50.

1L Understanding Telephone Electronics.

Ist edition. Ref. LCB 7141 The powerful, positive thrust of electronics is

making the telephone an even more important communication link

Conventional telephone fundamentals, analog and digital dectronics,
P
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BUILD A BETTER AMPLIFIER!

H LI

How can you own a top class HiFi amplifier, of comparable standard to Naims, Meridians, Quads etc., for an outlay of less than £2507
— Simple! Bulld it yourself — with a Crimson kit.

Itis not necessary to spend a small fortune to obtain true Hifi performance. Crimson Kits offer all the features and sound quality of the most
esoteric amplifiers available and their ease of assembly ensures that they work first time and continue to do so. Not only do Crimson Kits offer
outstanding value, but they also have the flexibility to adapttoany usersneeds. All the P.C.B's are ready assembled and tested (they are not“pot-
ted” as we believe disposable modules are rather extrava ant!) therefore constructing a kit is pleasurable in itself and, once built, will give years
of untroubled service. So, whether you use a simple recor player ora compact disc, you can be sure to get the most from your system. E.T.I. said,
in their review-of the CK1010/1100: “I can say no more than that for £250 it is a bargain and one that will become the reference point for kit
amplifiers from now on.” Need we say more? :

PRICES

CK1010P_S ETEREO PRE-AMPLIFIER (moving magnet, tape, tuner input) tanes power from any CK power amp or separate p.sgng.ztygg
CK1040 — STEREQ POWER-AMPLIFIER 40 watts R.M.S./Chanel £121.00
CK1080 — STEREQ POWER-AMPLIFIER 80 watts R.M.S./Chanel £134.00
CK1100 — STEREO POWER-AMPLIFIER 100 watts R.M.S./Chanel. £151.00
MC2K — Moving coil add on kit for CK1010 £25.00
P.S.K. — power supply for CK1010 (if not used with a CK power amp) £20.00

CRIMSON also supply power amp, pre amp and electronic crossover modules, power supplies and hardware — too much to list here — but on
receipt of an S.A.E. we will be happy to supply full details.

TO ORDER Send C.W.O. or quote your access card no (phone orders accepted) Crimson Products are also available from Bradley Marshall Ltd,
325 Edgeware Road, London.

CRIMSON ELEKTRIK STOKE

: MANUFACTURERS OF PROFESSIONAL, DOMESTIC & INDUSTRIAL AMPLIFICATION
PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE-ON-TRENT, STAFFORDSHIRE. ST2 1EZ 0782 330520

MICROTAN 65 #o orwee comeurer (s 4s persovaLs

, [ MIcROTAN wog
For less than £60 you can start building your own Computer FLEXIBLE & EX PAN DABLE SYSTEM — 1K to 256K! | = LD
that truly suits your needs and, of course, eventually far more Just 100k at the options: - Yo Levser
I superior to any Computer available off-the-shelf. 1 DISK CONTROLLER 7 MASS EPROM STORAGE BOARD
MICROTAN 65 comes in kit form, comptete with manual, full 2 REAL TIME CLOCK 8 INDUSTRIAL CONTROLLER BOARD
instructions, board with components, {kit form or fully built) 3 EPROM PROG. CARD 9 40K RAM 8OARD
our full back-up service, and your own Microtan World 4 SOUND BOARD 10 HIGH RES. GRAPHICS 256x256
R e 5§ SERIAL 1/0 BOARD 11 PRINTER FACE BOARD

6 PARALLEL 1/0 BOARD 12 ASC11 KEYBOARD

Board with components
(built or kitform)

FULL RANGE OF SOFTWARE

A i Microtan
Languages available: Machine Code, h
Assembly, Basic, Forth, World Magazine
and Pilot
HOW TO ORDER:

Enter details in the coupon below, enclosing
your cheque made payable to: Microtanic Com-
puter Systems Ltd. Prices include VAT add £1.50
p&p. Please aliow 14 days for delivery.

Post to: X
MICROTANIC COMPUTER SYSTEMS LTD
16 UPLAND RO. LONDON SE22

Tel No. 01-693 1137

Please rush me my starter kit:

AS FAST (Please tick)
OR SLOW
AS Yog O kit form — | will build myself £569.95
LIKE! O Fully Built £69.95
O complete system wall chart ]
1 1 enclose my cheque/P.O. for £

3

Your Full
Binder instructions
manual

MICROTANIC COMPUTER SYSTEMS LTD  Afsoavailable from:

Waltham Forest Computer Centre
SHOWROOM: 16 UPLAND RD MAIL ORDER: ! 889 Lee Bridge Rd.
DULWICH, LONDON SE22 235 FRIERN RD. DULWICH

Nr Whipps Cross, Walthamstow E7
TEL: 01-693-1137 LONDON SE22 Tel: 01-520 7747
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From the past it came, growing datly, striking terror into the hearts of lesser publications, and spreading its influence across
the country inits quest to infiltrate every town, every home, every mind .

Not a horror story, but a success story. And if electronics theory strikes terror into you, then you neea the help of Elec-
tronics — It's Easy. Originally a long-running series in Electronics Today International, Electronics — It's Easy wes printed
as a set of three books. They sold out It was reprinted as a single volume. It sold out Now this phenominally successtul
pubhcation is available again, in its third reprint. Electronics — It’s Easy 1s a comprehensive and simply written guide wiich
explains the theory (and the practice) of electronics step by step. Every aspect of the subject 1s covered, starting with the
basic prnciples and working through to the how and why of today’s techrology

You can obtain your copy of Electronics — It's Easy by mail order using the coupon below Make cheques or postal orders
pavable to ASP Lid, alternatively ycu may pay by Access or Barciaycard

: 513 London Road, Thornton Heath

Surrey CR4 6AR

Please send me..... copies of Electronics —
| It's Easy. | have enclosed f.. .. .. (£4.95 each
| including p&p).

|ADDRESS ....... confinn e navsrrvaaana i sustaevet . |

|
|
|
| Please debit my account

IMyAccess/ Barclaycard No.is . . ... ... ...t s

wr P .- -0 0 Foo oy

CE B YN s Lo

l Signature .

MSend to: Sales Office (Specials), |

.

Part type 1 off 25-99 100 up
4116 200ns 1.25 1.15 1.10
4164 200ns 469 4.19 3.99
2114 200ns Low power 1.15 1.00 .90
6116/2016 150ns 3.35 3.00 2.85
6116 150ns Low power 4.95 4.55 435
6264 150ns , 28.00 25.00 24.00
2716 450ns 5 volt 2.69 2.40 2.30
2716 450ns three rail 575 5.00 4.65
2732 450ns Intel type 3.45 3.05 295
2532 450ns Texas type 3.85 3.45 3.30
2764 250ns 4.69 419 3.99
27128 300ns 15.45 13.75 13.25
Z80A-CPU £299  ZB80A-PIO £2.99 Z80A-CTC £2.99
6522 PIA £3.70 7805 reg .50 7812 reg 50
Low profile IC sockets:
Pins 8 14 16 18 20 22 24 28 40

Texas solder-tail:
Pence 12 13 14 16 18 22 24 27 38

Soft-sectored floppy discs per 10 in plastic library case:
5inch 8SSSD£17.00 5inch SSDD£19.25 5inchDSDD £21.00
5inch SSQD £23.35 5inch DSQD £26.35
8inch SSSD £19.25 8inch SSDD £23.65 8inch DSDD £25.50

74LS series TTL, large stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or 'phone for list.

Please add 50p post & packing to orders under £15 and VAT to
total. Access & Visa welcome, 24 hr service on (054 422) 618.
Government & Educational orders welcome, £15 minimum.
Trade accounts operated, 'phone or write for details.

Happy Memories (ETI), Gladestry, Kington,
Herefordshire. HR5 3NY. Tel: (054 422) 618 or 628

50

L RIS SYSTEM o

» 8 s s e. ‘ .~ b
< 2 3 0+ 4 § L

x

As the UK's fastest growing supplier, we are pleased
toannounce the advanced powerpackseriesof stage
lighting controllers, featuring the latest in electronic
control technology.

Coupled with a range of desks-for theatre and band
applications,andtheD.l.Y.module seriesweboastthe
most competitive prices around.

Its now pointless to hire, sowhetherits 6K or 600K let
us quote for your particular needs.

MJL SYSTEMS LTD
45 Wortley Rd, W. Croydon, Surrey, U.K. CRO3EB
(Sales Manager)
01-689 4138
Mon-Fri 9-5
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PROJECT

A PART THREE

In this final part, we give constructional details of this
expandable audio project. Designed by Barry Porter.

s with the smaller preamp-
A lifier described in Decem-
ber, assembly is based on

the use of a mother board with the
individual modules plugged into
mating connectors. The pins for
these are on a 0.1” pitch, so it is
quite acceptable to use a length of
veroboard to carry the interconnec-
tion busses between modules.

Details of the disc amplifier,
muting relay control and power
supply were given in part 1, and
will not be repeated here. If it is
required that insertion of the
headphone jack plug should cause
the output relay to cut off the
unbalanced output, the 6V8 zener
diode in the delay circuit should
be connected to earth via the
common contact switch on the
jack socket as shown in Fig. 10. So
that the headphone amplifiers are
not powered when they are not in
use, their supply voltages should
be obtained from the switched
rails of the delay relay.

T

— BUYLINES _____

We have arranged for the supply of the
harder-to-get parts for the various
modules; in the following packs, the |
parts are as specified by the designer.
Disc amplifier (R2,3,6,9,10,11,12,13,
14,15,16,C3,7,8,9,11,12,13) £6.10; :
| Tone control (RV1-5 stereo pots, C1,
3,4,9,11,12) £6.55;

Unbalanced output stage (R4,6,11,13,
balance control pot, C1,2,3,6,7,8,9,10,
13,14) £6.55;

Balanced output stage (C3,4,5,6) £3.68
Headphone amplifier (C1,2) £1.38

All these prices include VAT but not
postage, which is 80p per pack on top. !
The packs are available from XCEL
Audio Parts Ltd, 2nd Floor, 33 London
Road, Bromley, Kent BR11 1]G, tele-
phone 01-464 4967. Note that the
PCBs are available from our PCB ser-
vice, and that there has been additional
advice on obtaining parts for the mod-
ules in earlier installments of this
article, but it was too long to repeat
here!
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~ Other constructional comments
in part 1 may be applied to this
larger unit, which may be built into
one of the standard rack-sized
cabinets obtainable from a number
of suppliers.

Once the preamplifier is work-
ing (again, see part 1) the output
belance pre-sets must be adjusted
to give equal voltages from the two
outputs. The easiest way to do this
is to temporarily connect two
equal value, close tolerance resis-
tors in series with the output and
adjust the respective pre-set for
zero volts at their junction when a
1 kHz signal is applied. (Fig. 11).

In use, the performance of this
pre-amplifier is virtually identical to
the more basic unit described in
part 1. With the tone controls
switched into circuit the noise
increase is only about 1 dB with
negligible additional distortion. The
limited amount of control has
caused no problems — in practice,
if more than 10dB of lift or cut is
required, it's not hi-fi you've got
but a potential advertising copy for
exchange and mart!

The situation that displays the
advantages of the tone control
most is when small bass-light
loudspeakers are being used.
AFpIying a limited amount of bass
litt, with the frequency control set
to about 50 Hz, will usually make
it possible to increase the speakers’
bass extension without encounter-
ing overload problems — some-
thing that is impossible to do when
the turn-over frequency is fixed.

Although not detailed here, the
individual ‘building blocks’ method
of construction lends itself to a
number of possibilities — for
example, it is quite easy to modify
the tape connections to allow for
two recorders with cross dubbing,
even providing balanced record
outputs if required. A further
enhancement could be to include

record level controls on the front
panel, with suitable VU or LED
monitors displaying the signal level
being sent to the recorder. Indeed,
with a little thought, that Concorde
flight-deck look might not be too
faraway . ...

Some Changes

There have been some
relatively minor changes between
the circuit diagrams published last
month and the PCB layouts printed
here. They are:
on the tone control module:

C2 was left off the circuit diagram
in error; this is a compensation
capacitor for IC1 (as C5 is for 1C2)
and is included on the overlay;,
C13 and C14 have been added in
the leads to the wipers of RV2 and
RV4; these are to prevent any
offset voltages being passed
around and ampilified;

[C4 and IC5 have been combined
into a single dual op-amp rather
than two single op-amps;

on the balanced output stage:
IC1a and b have been
interchanged;

on the headphone amplifier:

the input filtering to IC1 has been
changed and the values of R1 and
R2 are different; however, the PCB
allows the original circuit to be
used if desired;

on all modules:

supply line decoupling capacitors
have been added; these were not
shown on the circuit diagram last
month (except for the headphone
amplifier, where unpolarise
capacitors have been added in
parallel with the existing
electrolytics).

Note also that the tone control
stage is split over three boards for
stereo operation. Unfortunately, it
wouldn't quite fit onto two, so it
was decided to split off the filter
sections so that at some future .
date, constructors could alter
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Fig. 1 PCB overlays for the tone control: the main board above is for a single
channel, so two of these are required, whilst the filter board (below) is a stereo
board, so only one of these is required. Note carefully which parts you need two
of for stereo.
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these, for example, to include a follows:
‘mid’ control. R2  4k7
R3  6k8
Swings And Roundabouts ge. [
It is possible to modify the R11 560R or 1k0~
component values of the disc §12 238R or géR*
; (S
amplifier and of the unbalanced R}i s
output stage so that it is not R15 82Kk
necessary to use E96 series resis- R16  15k//330k (T3 = 3179.5ps)
tors, This will actually give a less E\i; ;gn
. n

accurate response technically
(degrading the error on the

RIAA characteristic to 0.3dB), but
for most people this will not be
that noticeable (if it is noticed at

* For R11, 12, 13, 14 the first figure
given is for moving coil cartridges
and the second is for moving
magnet.

C15%,16%,19,20
I Cc17*18*,21,22

1C1*,2%,3*
1C4*

MISCELLANEOUS

all)
For the disc amplifier, the
modified component values are as

52

The value of R9 that should be
used will depend on the required
sensitivity of the input stage; for

1=

SEMICONDUCTORS

PCBs: 2 off tone, 1 off filter; edge
connectors: 6 off 10 way, 2 off six way

*R1to17,C1to 18 and IC1 to 4 are
required in both channels so two of
each are required for stereo.

** RV1 to 5 could be stereo poten-
tiometers or two single potentiometers
each for stereo, as required.

PARTS LIST —
___TONE MODULE___
RESISTORS
R1* 100k
R2* 330k
R3* 10R
R4* 47k
R5*,10* 1k8
R6*,11* 8k2
R7*,8%,9*,16* 10k
| R12* 3keé
! R13* 3k9
R14* 2k2
R15* 4k7
R17* 1k2
| R18-21 33R
RV17*,2%* 4** 10k lin
1 RV3** 50k anti-log
i RV5** 10k log ,
| CAPACITORS i
{ C1* 330n 250V
| Mullard polyester
| C2%,5%,7* 22p 2%% poly-
styrene
1 C3*,9*,13*,14* 22,16V PCB non-
I polarised
! electrolytic 3
| C4*,10* 100n 250V Mullard
polycarbonate
. C6*,C8*,C11* 10p 2%% poly-
styrene
- C12* 150n Mullard

polycarbonate
2204 25V PCB
electrolytic

100n polyester

NE5534
NE5532

moving coil cartridges, the approp-
riate values are as follows:

R9 Value Sensitivity
10k 0.11 mV
5ké 0.2 mV
3k3 0.33 mV
2k2 0.49 mV

For moving magnet, the follow-
ing values are appropriate:

R9 Value Sensitivity
820R 217 mV
560R 3.03 mV
270R 541 mV
150R 8.0 mV

Additionally, IC1 (LM394) can
be replaced with a parallel pair of
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PROJECT : Modular Preamplifier

PARTS LIST —
BALANCED OUTPUT
s _MODULE____
RESISTORS
R1*,2%,3* 4% 5* 6*,
7*,8* 3k3 1%
@ Bg 18 [ R9*,10* 33R 1%
R11*,12* 1k0
R13*14* 47k
~EER- R15,16 33R
{| RvV1* 10k min vertical
I preset
| CAPACITORS
i [ C1%,2* 22p polystyrene
; . — 1 i C3%,Ca* 100416V PCB
il | i cen { nonprolarised
] electrolytic
] | C5*%,6 100n Mullard
l I ' ' ' I I I | I g polycarbonate
7,8 100n 250V Sie-
1 l l l 1 1 l l l l mens polyester
| 09,10 2204 250V PCB
2""% T zz g i electrolytic

SEMICONDUCTORS
IC1* NE5532

Fig. 2 Overlay of the PCB for the balanced output driver — this is a stereo board,
so only one is required, but note the components that you have to obtain two of.

MISCELLANEOUS
PCB; edge connectors: 2 off 10 way

Il *R1-14, RV, C1-6 and IC1 are re- |
1 quired in both channels, so two of each

Y f| of these components are needed for
] {| stereo.

PARTS LIST —

_AMPLIFIER.
RESISTORS
o R1* 47k
; R2* 330k
R3* 1k0
. . R4* 150k
' l l R5* 1k5 '
R6*,7* 10R
R8* 470R
¥ R9*,10* 4R7
235 R11* 47R
<3 R12,13 33R
: i T o 2 I CAPACITORS
Fig. 3 Overlay diagram for the headphone amplifier; again, this is a stereo board, c1* 100n 250V
and again, you will have to sort out which components you need two of. polyester
2 22116V PCB
non-polarised
electrolytic
3 10p polysiyrene
Cc4* 22p polystyrene
2SD786 transistors, which are avail-  values will depend on whether it is G,6 L2 s
able from XCEL Audio Parts Ltd, to be used as a tape output buffer 7.8 100n poylyester
and they are somewhat cheaper or as an output stage to feed the ‘
than the LM394, power amplifier. For use as a tape SEMICONDUCTORS
For the unbalanced output output buffer, the values shown in Ic1 e pa—
he modified component Table 1 appl ot Rl legresil
stage, t p 4 pply. NPN
- . e - It Q2 BC461 or similar
' . | PNP
Esgosrdm(\)/mpm e gg"?dB $£5 5;0 1C30H 1 *R1-11,C1-4,1C1and Q1,2 are required
976.9 mV 1377 d8 3K9 1Kk0 1004 | in both channels so two of each are |
1.2V (0 VU) 15.65 dB ske 1kl 100p | required for stereo.
Table 1 Revised component values for the tape output buffer. ‘
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PROJECT : Modular Preamplifier

DISC INPUTS

RECORD QUTPUTS!
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Fig. 4 Here is the overlay diagram for the mother'board of the preamp as featured
in the first part of the description in December '83; this board will be available
through the PCB service. However, we have not reproduced a lay-out for the
mother board of the extended system because the whole idea is for it to be adap-
table to your needs — so everyone can make up their own, customised preamp

using the same basic blocks.
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Fig. 5 A suggested front-panel lay-out for the small preamplifier.

Control Imbalance |
Callibration

2 1.94d8B

4 3.93dB

6 6.02dB

8 8.29dB

10 10.88dB

Table 2 Characteristics of the balance
control.
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For use as an output stage, R4
can be 180R and R6 can be 220R.
The revised balance control charac-
teristics are shown in Table 2.

After all that, all that remains
for us to do is to wish you happy
listening!
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PARTS LIST —

CAPACITORS

C1,2 2201 25V
electrolytic

MISCELLANEOUS

PL1,3 8-way edge plug

PL2,4,10 6-way edge pl

PL5-9,11 10-way es

ADDITIONAL PARTS REQUIRED TO 1
MAKE FULL PREAMPLIFIER (EXC. ||
UNREG SUPPLY)
Input selector switch: 4-way (or to suit) |
2-pole i
Tape/source switch: 2-pole 2 way
Volume control: 10k log stereo (but see
‘Construction’, ETI Dec ‘83, page 60)
Balance control: 1k0 lin stereo

Direct switch; 2- -pole 2-way

Output resistor: to suit (100R suggested) §|
Indicator LED: to suit {
Connectors for disc, aux, tape, tuner (as
required) and output (also PSU); knobs,
case, etc as required
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pantechnic TSPECIALISTS
OEM USERS

Pantechnic present the most adaptable high powered amplifier ever.

FETSYSTEM amp
Features:

® HIGH POWER. 1.2KW (single ended).
® LOW VOLUME. 1/15 Cubic footinc. Heat Sink.
@ VERSATILE. Delivers more than 1KW into Y% to 8 ohms.
OR 2 x 600W into 2 to 82
OR 4 x 300W into 2 to 4 £ (200W into 8%2)

(1 x600W into 2 to 82
OR 3 1 x300Winto2t0 4

1 x150Winto 4 to 852

Etc. Etc.

Having beencloselyinvolvedin awide variety of OEM applications of
their amp boards, Pantechnic became aware of numerous impie-
mentation problems often left untackled by other amp board manu-
facturers. These problems specifically of size and thermal efficiency
became particularly aggravated at high powers and considerably
lengthened OEM product development time.
Byincludingthermaldesignin thetotality ofboard designithasbeen
possible to reduce the size of the electronics, and increase the
efficiency of the transistor to heatskink thermal circuit. The com-
bined effect of this has been to dramatically increase the volumetric
efficiency of the amplifier/heatsink assembly. The SYSTEM Amp
offers 1.2KW of power in a space of 180mm x 102mm x 77mm,
excluding PSU and Fan,

The basis of this considerable advance is the PANTECH 74 Heat
Exchanger, newly designed and manufactured by us. By
eliminating the laminar air flow found in conventional, extruded heat
sinks, heat transfer to the environment is greatly enhanced.
Theflexibility of the 1.2 KW amp stems from its division into 4 poten-
tially separate amplifiers of 300W each (downrateable with cost sav-
ingsto 150W.) These can be paralleled, increasing current capability
or seriesed (bridged in pairs) doubling voltage capabillity. In conse-
quence a large variety of amplifier/load strategies can be imple-
mented.

Pantechnic offer a full range of customising options including DC
coupling, ultra high slew etc. Contact Phil Rimmer on 01-800 6667
with your particular application problem.

OTHER POWERFET AMPLIFIER MODULES

Model Price ?R-’ag. Dyn-loads Notes
)
*PFA100 21.96 50-150W 4 .8 Physically small (32 x 78 x
108mm)
*PFA200 20.52 100-300W 42,84 High watts/€ ratio

PFA/HV 38.04  200-300W 4 87,180 5dB dynamic headroom
Drives 70V line direct.
*PFA500 25.22 250-600W 29,40,8q 25A cont. output current.

533 mounted on type 74 Heat Exchanger (see below).
*The power output of these amplifiers can be increased by approx
159% with no diminution in quality by adding PSU102 (£7.61) to your
existing power supply.

Some Other Products & Components

Type 74 Heat Exchanger. Dissipates 300W(1.2KW blown) £7.50.
25A 400PIV Bridge Rect. £2.17 i
10,000uF Electrolytics with clips:—

80V £4.75; 100V £6.15; 100V Cptr.GR. £9.75.

PAN20 Pre-amplifier module. Very low noise and distortion £8.48
PAX2/24 2 Way active crossover (specify frequency) £10.10

PAX3/24 3 Way active crossover (-do-) £19.50

PSU103 Powers 2 x PAN20 + 2 Xovers £6.91

PAN1397 20W power amp. bi-polar i/fe (LOW THD) £5.39

PSU101 Powers 2 x PAN1397 £3.43

Transtormer for PSU101 £4.30 (inc. postage)

TOROIDAL TRANSFORMERS

with special low flux windings
Nom.VAC  1B0VA 225VA  300VA 500VA B25VA  750VA
40-0-40 11.30 14.35 16.30 - - -

45-0-45 - 14.35 16.30 2257  — =
50-0-50 = = = 22.57 27.70 30.43
70-0-70 = = - 22.57 - -
{for PFA/HV)

Transtormer prices include postage. Ask for leaflet “Choosing a Transforme..

Carriage 75p. Add VAT at 15% to all prices.
THE POWERFET SPECIALISTS

pantechnic

Mail order ontv 1o

Dept ETI/2 148 Quarry Street. Liverpool L25 6 HQ
Telephone 051 428 8485
Technical enqunies
Phil Rimmer 01 800 6667
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EAST ANGLIA'S LEADING SUPPLIER OF MICROCOMPUTERS |
AND COMPONENTS TO EDUCATIONAL ESTABLISHMENTS.
BBC Microcomputers Interface Devices | Regulators
Model B 34695 | 6402 380 | 78L0S 0
Model B 4+ Disc Int 431.95 | 75107 047 78L12 030
NB Credit cards are not dccepted in payment for 75110 0.56 78L15S 030
BBC Mictocomputers 75150 0.64 7805 040
75154 077 7812 8 :8
o 75160 256 7815
BBC Micro Econet ) 75161 280 | 7908 0.45
Full range of products available Installation 75162 395 | 7912 045
service available 75172 185 | 7915 045
75173 144 LM30SK 120
BBC Compatible Disc Drives e D LS 2
Ca:ed dnve: finished to match the BBC Micro are 75182 0.50 LM338K 625
d complete with ¢ cables, manual 75183 0.50
and utibties disc. 7
All single cased drives may be expanded to dual ;gigg 8%7 Data Convertox;s
configuration by the addition of the appropriate 75451 022 UPD7002 Dl g i
uncased mechanism. 75452 022 %z:% g} 3'(4”
Disccapacity  Single Dual Uncased 75453 022 | 7n427 Dl 599
100K 19500 33500 14200 75454 022 | 7N428 DI 475
200K 23500 44300 21600 75468 o | B DI g
400K Z0.00) BS451004 426000 75491 031 | 7N432 DI 1300
Trade/quantity discounts are available 75492 042 | 7N4a3 Dl .2.55
AY31015 D2 3.?; e
i e Kits AY31270 6
BBC Micro Upgrad 4475 | AY36910  ps 440 | Crystals
BBCA2B Complete ATOB AYE3600 D2 670 \MH: 275
BBC3 Disc Interface 84.95 Dl 250 1 8432 MHz 192
Fitting service avalable MC1488 Dl 037 | 4MH:z 064
MCi489 Dl [}.% 8MHz 086
i NC3242A 6.
BBC M_:cro Connectors e | SRR o1 52 | DIL Sockets
BBC21 Printer Cable N
MC3448A Dl 375 Puis Tin Gold W/W
BBC22 User Port Connector MC3480 DS 7.30 ) 7 16 25
§ Cable 245 i
B M(C3487 Dl 200 14 10 35
BBC23 Cassette Lead 3.50 MCl4411 Dl 765 16 10 29 40
BBC24 7 Pin Din Plug 0.60 MC14412 9.45 18 13 33 S0
BBC256 Pin Dfn Plug 060 RO32513L Dl 6.50 20 15 37 60
BBC26 5 Pin Din Plug 060 RO32513U Dl 850 %E é-l] 22 %
BBC Micro Accessories . 28 4 55 8
BBC% Joysticks {130 H}}l’!ﬁ' lModulutors 0 % 7 @
6MH. Dl 260
BBC Micro Software . UMI1233 ZIF Sockets
View Wordprocessor 5200 | 8MH: Dl 390 | 24P 575
12MOS 1000 | . 28Pin 8.20
Linears 4CPin 975
BBC Micro Software ) LngeN ggg
Full range avanlable Please telephone for stock LM301 AN 024 Data sheetsare
posiion LM308N 048 avdilable on items
E LM31LP b E?::::E-as follows
Memories 8080 Faomily LM3ISN 198 | 11"075 ~ DS 2.00
2114L-200NS D1 080 8085A D4 350 | LM324N 930 | bz 100 D& 300
2708450NS D2 285 | s212 110 | LM348N 0 ‘156 D3 125 D7 400
2716450NS DI 245 | 8216 100 | NESSSP S% I Dt 200 D8 500
2716350NS D1 495 | 8224 210 | NESS6CP 45
27163Rml D] 725| 8228 3z7 | TLOIO o )
2532450NS D2 3.45| 8251A ps 250 | TLOG b Afullrange of the
2732450NS DI 345 | 8253 400 | TLOG2 049 | following products 1s
2732350NS DI 545 | 8255A Ds 225 | TIoG4 098 | canied in stock and s
2764300NS D1 795 ;ﬁ gzzg listed in our FREE
4116 1SONS DI 085 . . catalogue
4116200NS D2 0.80 255020 1"'<:mrulg3 22 Tz o
lEioNe By 3% e D3 500 | TLOSI 026 | #74LS Senes TTC
5516200NS D2 945
6116 I150NS DI 3.30]| 6520 DI 250 | T1082 Q46 * 4000 Series CMOS
6116 Low Power 6520A DI 316 | TLO84 158 | # TiBipolar Memories
1S0NS D2 495 6522 D5 300 | TLOSE 040 | # 9900 Series Micros
4164 200NS 6522A Ds 550 | TLO92 058 # Crysiols
TI D3 395 6532 D2 550 | TLO%4 134 | wIDC, Card Edge &
4164 200NS TL487 062 D-Type Connectors
NEC p3 395 . TLA483 062 | # DipJumpers
4516/4816 FloppyDisc TLA%4 163 | % Monochrome &
100NS D2 225| Controllers TL4%6 060 01%“2"]‘(‘2\“8‘;\'9
4532200NS D2 295} 8271 4800 | TLS07 1.33 (NE ] o
FDI771 D5 1500 | 725 160 | # Eprom Programmers
6800 F comily FD1791 D62200 | 741 014 & Erasers
6800 D7 225{ rD1783 D6 23.00 | 747 048 | # Custom Cable
6802 D5 2.501 FDI1795 D62800 | 748 027 Assemblies
6809 D6 6.30| FD1797 D6 28.00
g;cll gé }[l)g WDI691 [)21300 PECTHUM
2 3-01. D2 699 TP T£24 95
6840 D4 375 wD2143-0 U }( I ADE £249
6845 DS 6.50
6850 D2 | 10| Buffers Carrigge Otders uptof 199 are sent by Ist class
68488 D2 730]| 8ILS95 080 | postand £200+ by Securic
68B0C0 D7 525) 8IL59% 080 | 0£)000.50£100- C199125€2w+503by5ecuncor
68B09 D6 1200 | 8IA597 080 | Prices quoted{+ camiage charges) are exclusive
68BI0 Dl 2.26] 8ILS98 080 | of VAT and are subject to change without notice
68B21 D3 220] sT26A 090 | Quantity Discounts aze avaidable on many
BEB40 D4 600{ 8T28A 090 | products, please ring lor details.
68B50 D2 220 | 8T95 090 | Otfficial Orders are welcome rom Educaton
B8T97A 090 | Establishments, Government Bodies and Public
Z80 Family 8798 090 | Companies
280 ACPU D2 299 Credit Accounts are available 1o others subject
Z80BCPU D2 900 to status Payment s due stnctly nett by the 15th of
Z80ACTC D1 260 the month
Z80BCTC D1 900 Credit Cards are accepted {Access and Visa) for
Z80ADART Di 560 telephone and poslal orders and NO SURCHARGE
ZBOADMA D2 695 1s mode.
Z80 AP10 Dl 275 Qut of stock items will follow automatically, at ow
ZB0BPIO Dl 900 discretion, or a refund will be given if requested.
D4 900
—_— — — —— o— o— — ——
FORFAST | For more inlormatien about the hardware and software
IMMEDIATE avuilable send for o FREE CATALOGUE
SERVICE YOU Postto Midwich Computet Campany Limuted, Rickinghall
gf'é‘;‘-(-&'g‘;g;’g’gﬂsﬂ;gl | House. Hindetclay Road, Rickinghall Suffolk P22 1HH |
Midwich Computer Noe: : ettt :
Company Limited, | ey 7 ) |
Rickinghall House,
Hinderclay Rd, l
Rickinghall, Pustal Code L )
Suttolk Telephone ETI
o
IP22 IHH. _ . S I
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When it comes to the reel issues of audio recording, John

Linsley Hood has got it taped.

Ithough the tape recorder, in its cassette form, is
A nowsocommona partofourlivesthatwe cantake
4 it almost for granted, in reality, recording on
magnetic tape is beset with so many problems, and
hedged round with so many restrictions and limitations,
thatitissurprisingthatiteven works atall, letalone thatit
gives the superb results which, when all is done well,
it can!

Havingsaid that, itis difficult to find any descriptions
of this technique which explain these problems and
limitations in a way which is at all easy to follow — so
before | proceed to look at the types of circuitry which
areneededfortaperecording, | propose totrytoexplain,
as simply and lucidly as | can, just what it is that we need
to do.

{
i
‘; <«———— DIRECTION OF TAPE TRAVEL \ TAPE BASE
] NS NSNSNSN {
\ OXIDE COATING
~N OSCILLATOR

Fig. 1 The basic principle of tape recording.

The Process

If we pulla piece of unmagnetised iron oxide coated
tape past a recording head, as in Fig. 1, and we apply an
alternating currenttothe electrical windingonthishead,
we will leave a series of magnetised regions, asindicated
by N-S-N-S-N-S.. .., produced by the magnetic field at
the trailing edge of therecordhead gap. These will havea
‘wavelength’ alongthe tape givenbyA\=tape speed (ins/
sec)/frequency (H2). If we try to replay this, with a head
havingagap length X, we willhave zero outputwhen X=
A since both engs ofthe gap will be sitting on parts of the
tape which are identically magnetised %i.e., both N or
both S). This is Problem No. 1: the gap length of the
replay head imposes an absolute limit on the upper fre-
quency response.

It is a characteristic of magnetic induction that the
voltageinducedinacoil of wireislinearly proportional to
the speed with which the magnetic flux through that coll
is changed. In mathematical terms this is expressed

Eout 4 GAIN (dB) ﬂ

.

\\_-6d8/0CTAVE

" +6dB/OCTAVE

T T ; T =7 T
10 100 1k 10k 10 100 1k 10k
FREQUENCY (Hz) FREQUENCY (Hz)

Fig. 2 (left) The theoretical AC output from a tape replay head.
Fig. 3 (right) An idealised replay amplifier characteristic.
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Fig. 4 (left) NAB recommended record characteristic
(effective).

Fig. 5 (right) NAB recommended replay response (effective).

V=L.dB/dtwhere Listheinductance, Bisthefluxdensity
and tistime. (d/dtis the mathematical notation forarate
of change with time).

The result of this is that if we were to record ata cons-
tant remanent flux level on the tape, which we will
assume will be given by a constantlevel of (RMS) current
through the record head, we will end up with a replay
characteristic as shown in Fig. 2, in which the output
increases linearly with frequency. This will necessitate a
replay characteristic such as Fig. 3 if we are to get a level
final frequency response; this, in itself, would not pre-
sent any great circuitry difficulty.

In the same way in which an internationally agreed
standard is employed in the manufacture and replay
equalisation used for33 RPM and 45 RPM gramophone
records (the RIAA standard) there is an internationally
acceptedstandard forrecordand replay equalisation for
tape and cassette recording (the NAB standard). This
requires effective record and replay characteristics of
the type shown, with the appropriate time-constants for
the turn-over points onthe frequencyscale, in Figs.4 and
5. When the replay equalisation curve is superimposed

15ins/sec 50/3180 NAB/BSI 35 DIN/CCIR
38cms/sec

7.5ins/sec 50/3180 NAB/BS 70 DIN/CCIR
19cms/sec

3.75ins/sec 90/3180 BSI 140 CCIR
9.5cms/sec

70 or 120/3180 BSI and DIN/CCIR
(Cassette only).

Table 1 Equalisation time constants of various standards;
NAB (or NARTB) — National Association of Radio and Tele-
vision Broadcasters (USA); BS1 — British Standards Institute;
DIN — Deutscher Industrie Normenausschus (W. Germany);
and CCIR — Comite Consultatif International des Radiocom-
munications (International Standards Organisation).
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 3180uS

1
I
|
GAIN (dB) ! 50uS

; , (35S}
} £
, N
|
I T T —— p

50 100 il'g 13!(

FREQUENCY (Hz)

Fig. 6 A practical replay equalisation characteristic for reel-
to-reel tape-recorders which conforms to NAB recommenda-
tions (cassette replay to BSI/DIN specifications would use
70/120 us).

on the curve of Fig. 3, we get the practical replay
equalisation characteristic of Fig. 6, whichis what we will
hope to find if we do some measurements on the replay
side of a commercial tape or cassette recorder.

To avoid the need for a replay gain characteristic
which continuestoriseasfrequency decreases, the NAB
curve provides for an LF turn-over point of 50 Hz,
expressed as a 3180 us time constant, and an HF turn-
over pointthat depends on tape speed as listed in Table
1. Turn over frequency, f, is given by f=1/2A7CR; the
value of CR is the time constant, and this is normally
expressed in microseconds (us) sothat Csin nanofarads
and Rs in kilohms can be used directly for calculations,
avoiding the need to throw in factors of 109, etc.

Problems

The above has assumed an ideal world; however
there are a number of problems, as follows (this is not a
complete list!).

1. Maximum replay frequency: As already mentioned,
the size of the replay gap imposes an absolute limit on
the upper frequency response.

2. Effect of replay head gap spacing: Since itis the trailing
edge of the record hea(fgap which leaves the remanent
magnetic domains on the tape, to a first approximation,
the width of the recording head gap is not very impor-
tant. However, this is not true of the replay head (as
we've already seen). Below the maximum replay fre-
quency, the HF response is very dependent on gap
width, as | have shown in Fig. 7. Unfortunately, the out-

ouTPUT ouTPUT

15" /sec

— i —T T 5 i
100 1k 10k 100 1k 10k
FREQUENCY (Hz); FREQUENCY (Hz)

Fig. 7 (left) Output level versus frequency response for dif-
ferent tape speeds.

Fig. 8 (right) Output level versus frequency response for dif-
ferent head gaps.

RESIDUAL FLUX
BRem
1

» H
MAGNETISING
FORCE

{af

BRrem

tb)

Fig. 9 Tape magnetisation characteristics: (a) for small
magnetisations; (b) for large magnetisation.

put from the head also falls as the head gap-width is
reduced, partly because there is less magnetic material
in the gap, and partly because of the magnetic shunt
effect due to the proximity of the two sides of the
head gap.

3. Effect of tape speed: The differing equalisation charac-
teristics quoted above tacitly recognise that the perfor-
mance of the recorder, other things being equal, will be
very strongly influenced by the speed at which the tape
passes under the replay head. Not only will the output
signal fall as the speed is reduced, the HF performance
will also be impaired, as | have shown in Fig. 8.

4. Tape magnetic non-linearity: All of the above pro-
blems pale Into insignificance in comparison with the
high degree of non-linearity of the magnetic tape itself.
The characteristics of this are shown in Fig. 9. If a small
signal currentis applied to the windings of the recording
head (which is an electro-magnet with a small parallel
gap held in contact with the tape, set as accurately as
possible perpendicular to the direction of motion of the
tape), the remaining flux on the tape (B) will be related
to the applied magnetising force (H, which is propor-
tional to the current flow through the winding on the
head) in the way shown in Fig. 9a.

Clearly, this would not lend itself to hi-fi reproduc-
tion. At small signal levels the recording would be very
inefficient, with hardly any remaining magnetism on the
tapeatall. Athigherlevelsthere would be the equivalent
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(-2} CORRECT BIAS
{b) OVER BIAS

Fig. 10 The effect of HF bias on tape magnetisation linearity.

ofalarge amount of ‘crossover distortion, and at greater
recording levels still, there would be a lot of 3rd and
other high-order harmonics generated as the tape
magnetisation was pushed into the regions where the
curve flattened again. Also, toadd to the problems, if the
tape is magnetised fully, there is a‘hysteresis’ loop in its
magnetic characteristic, as shown in 9b.

Fortunately, after a lot of early experimentation with
this medium, a trick was found which would solve this
snag. This scheme was known as 'HF bias’, or, in normal
tape parlance simply as ‘bias’. | will explain.

5. Needforbias: Ifasuitable high frequency ACsignal is
simultaneously applied to the recording head with the
signal which it is desired to record, and if this HF signal,
which will typically be somewhere in the range 30 kHz-
250 kHz, is a good bit larger than the recording signal
(typically 20 to 100 times) so that it sweeps the BH
characteristics of the tape backwards and forwards
across the non-linearregion of the BH characteristic, one
can, surprisingly, end up with a quite linear magnetisa-
tion ofthetape,asshowninFig.10a. However, asyouwill
by now expect, there is another snag, and this is that the
finalrecording characteristics of the tape depend on the
size of the applied bias waveform. If we apply more, we
get the curve shownin Fig. 10b., which is one of reduced
recording sensitivity. Also, too much bias tends to‘erase’
the higher audio frequencies which we are trying to
record. Moreover, the ‘correct’ level of bias depends a
ot on the actual tape being used at the time, and,
without previous experience, we cannotknow what that
will be!

6. Problems with bias: The dependence of recording
characteristics on bias level is shown in the graph of Fig.

\ ‘{a)1kHz OUTPUT

OUTPUT {b)10kHz OUTPUT

{d) TAPE MODULATION NOISE

{c) DISTORTION

BIAS CURRENT

Fig. 11 How recording characteristics vary with bias current;
note that only curves a) and b) are to the same scale.

58

11. In this curve (a) shows the relationship between
recorded level and bias current at 1 kHz, and (b) the
same thing foran input recordingsignal at 10 kHz. Clear-
ly, the bias setting has a large effect on the flatness of fre-
quency response of the tape recorder. Curve (c) shows
the effect on the distortion of the recoded signal of the
bias level. Good HF response is not readily compatible
with low THD. The effect of bias level on tape ‘modula-
tion’ noise is shown in Fig. 11, curve (d). Here, happily,
low noise levels fit in fairly well with other needs.

The actual frequency of the bias signal is not very
important, thoughthereis some evidence that therecor-
ded noise level on the tape, and the distortion at the
upperend of the audio spectrum, may both be lessened
bythe choice of the higherbias oscillator frequency. The
snag here is thatitis the current through the head which
is important, and because the windings have inductan-
ce, a higher bias frequency will require a higher applied
bias voltage. Also, the head will work progressively less
efficiently at higher frequencies, which contributes to
this effect.

7. Design of bias oscillator: The tape cannot distinguish
the source of the signal which is applied to it. It will
thereforerecord small noise voltages presentonthe bias
voltage waveform just as easily as it will record the noise
components present on the incoming signal. So, if the
bias voltage waveform is 20 times the size of the signal
being recorded, its signal-to-noise ratio willneed tobea
lot more than 20 times better if itis not to degrade the S/
N ratio of the incoming signal. You will note that | have
referred to bias voltage, not to bias current. This is
because the noise signal will be wide band, and will not
be restricted by the inductance of the head to the same
extent as the HF bias waveform. Therefore, the higher
the bias frequency, the better the S/N ratio which is
demanded of the bias oscillator.

The actual waveform of the bias oscillator is not so
important, provided that it is symmetrical. Ifitis unsym-
metrical, it will have the effect of the B-H curve, which
will reduce the available undistorted output. Also, an
unsymmetrical waveform contains an implicit DC com-
ponent, which will magnetise the head, greatly reducing
its effectiveness, and possibly causing partial erasure of
the tape.

In the early 1970s, when | was very interested in
cassette recording, | did some experiments with both
square wave and sawtooth bias waveforms. Both
worked, and the square appeared to be quite effective.
However, for reasons of practical convenience, it is
desirable that the erase oscillator should operate at the
same frequency as the bias oscillator, and it is easier to
get large voltages at a good S/N ratio from an LC
sinewave oscillator. Square wave (RC) generators tend
to have a fairly poor S/N ratio, due to jitter on the ‘flip’
times.

8. Effect of head inductance: Ouraim, inrecording, is to
record all the frequencies in the audio band equally.
However, therecording head hasinductance, which will
restrict the flow of current at higher frequencies. It is
necessary, therefore, to find some way around this pro-
blem. Of the possible solutions, the simplestis.to puta
resistor, say 47k, in series with the output from the
recording amplifier, to swamp the effect of the changing
impedance of the record head with frequency. This also
helps keep the bias HF voltage out of the recording
amplifier. Bias voltage intrusions would probably do no
harm provided that they did not push the record
amplifier into a'non-linear or overload condition.
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Other useful solutions, which make lesser demands
on the size of the signal output from the recording
amplifier, are to design this amplifier so that it has a high
outputimpedance, ortouseacurrent NFBlooptomake
the amplitier look like a constant current source. Al DC
components must be rigorously excluded from the head
windings to avoid head magnetisation. Ifa DC blocking
capacitor is used, it should be of good quality, an
switch-on current surges through this must be pre-
vented.

9. Head alignment: The way in which the width of the
replay head affects the HF response of the recorder has
been shown above (Fig. 7). This presumes that the head
isaccuratelyaligned sothatits gapisatright-anglestothe
direction of travel of the tape. If the gap is skewed, its
effective lengthwill be greater, andthe HF output will be
less. The same applies if the record and replay heads do
nothave the samealignment. Thismaybe lessimportant
if one records ones own tapes, but on pre-recorded
tapesthisis vital. Happily, alignment tapes are fairly easy
to buy. On these, though a double-beam oscilloscope
makes matters simpler, one can do quite a good job by
just adjusting head azimuth for maximum HF output,
usually by working upwards through the frequency test
bands provided.

10. Noise and noise reduction: Because of the granular
nature of the oxide coating deposited on the tape, all
tape recordings will suffer from some degree of back-
ground noise. In addition to this, any parts of the record
process which tend to clump, or otherwise disturb, the
uniformly random distribution of the manetic domains
will make this background noise worse. Erase oscillator
systems are not perfect in this respect, as can be shown
by listening to the background noise on a bulk erased
tape, as bought, and after it has been ‘erased’ by ones
own recorder following the recorder of a zero signal.

The output from the tape recorder will depend on
the tape speed and (although not discussed so far, this is
afairly logical extension of the arguments above) on the
tape width at the head; so, the lower the tape speed and
the narrowerthe tape head width, the worse the signalto
noise ratio will be. This becomes a particular problem
with cassette recorders, where the tape creeps past the
head at 1.875"/sec, and the track width is only 30 thou.
orsoanyway. The signal output from a cassette recorder
replay head will be minute, and will demand a lot of skill
in the design of the replay amplifier.

The poor basic S/N ratio of the reproduced signal
from a cassette replay head (though this is now
improved by better heads and better tapes) has brought
into prominence the various noise reduction schemes,
of which the most common is the Dolby B system,
used by most cassette recorder manufacturers under
license from the Dolby Laboratories. In this a degree of
HF pre-emphasisis applied to the record signal, in which
both the amount of HF pre-emphasis and the turn-over
point above which this pre-emphasis is applied, is
automatically adjusted in response to the measured
level of the incoming signal. The reverse compensation
is applied on replay to restore a flat frequency
response.

There is a snag, of course. This is that, unless some
means is provided for monitoring the tape output which
is only posible on relatively expensive three-head
cassette machines, some assumptions must be made by
the cassette recorder manufacturer, in setting up the
Dolby B replay operating levels, about the actual signal
level which his recorder will give on replay for a given
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Fig. 12 Record pre-emphasis and de-emphasis for cassettes,
showing additional compensation for head losses.

inputrecordinglevel. Thiswilldepend ontheactualtaﬁe
chosen by the user, and on the appropriateness of the
bias setting, Nevertheless, in spite of these objections,
the Dolby B system does work surprisingly well, even on

simple machines,and cangivea6-10dBimprovementin
overall 5/N ratio.

Nowadays, predictably, Dolby B processing circuitry
isavailableonasingle IC chip,the LM 1011, which, com-
plete with application circuitry, can be bought by the
experimentally minded for a few pounds. The use of
these forany commercial gain would however, requirea
license from the Dolby laboratories,

In many commercial machines, the relay amplifieris
muted while the tape is not moving to avoid drawin§the
attention of the listener to the background hiss of the
replay am plifier. Thisisarefinement | wish | had thought
of in the middle 1970s when | published my own
cassette recorder design. One lives and learns!

11. Head losses: We have assumed, so far, that the
recording and replay heads — which are often the same
unitin cassetterecorders — behavein aperfect manner.
They don’t. Mainly because of the finite gap width, their
HF performance is poor. This means that some form of
HF pre-emphasis has to be applied, during recording, to
assist in achieving a satisfactory HF output. This record-
ing pre-emphasis, of 15-25dB magnitude, will be
applied, as shown in Fig. 12, at the point where it is
expected that the replay HF response will start to fall.
This is not a good thing, since it will tend to cause HF
overload, andincreased distortion and intermodulation
effects, but is feasible because signal amplitudes at HF
are generally low.

Practical Circuit Design

We have seen from the above what some of the pro-
blemsareintaperecording. Sincetheseare exaggerated
in cassette recorders, because of the narrow low-speed
tape tracks, a look at the design of the electronics in a
cassette recorder — excluding the Dolby processing —
will showthetypesof circuit layoutwhichwilibe needed
in all these systems.

Replay Amplifier

The over-riding consideration here is of low noise in
theamplifier, since theinputsignal willonly be about0.5
mV, and a60dB S/N ratio will demand an effective input
noise of 0.5 uV, from the amplifier and input circuitry.
Figure 13 of Part 2 (ETI October 1983) we saw that this
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Fig. 13 A typical cassette replay amplifier giving the fre-
quency response shown in Fig. 6.
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will depend on the input circuit resistance, the band-
width, and the input devices. Fortunately, the effective
bandwidth of the replay amplifier, because of its
downward slope with frequency, is only 1 to 2 kHz.
Nevertheless, this necessitates an effective input resis-
tance of only some few thousands of ohms. We must be
careful, therefore, that we do not needlessly include
input resistive components, toadd to the 300-600 ohms
of the head windingresistance. The required equivalent
input noise resistance required by the desired S/N ratio
does put most of the audio ICs out of consideration;
however, there are a few, such as the Signetics/Mullard
NE5533/5534, the Precision Monolithics/Raytheon
OP27, and the Hitachi 12017, which would be satisfac-
tory electrically. Of these, the latter has a non-standard
base connection, which would make it awkward to sub-
stitute, whereas the |Cs with the standard 741 type con-
nections could be upgraded as better devices
appeared.

In commercial units, forreasons of economy it is cus-
tomary to use the same amplifier for both record and
replay, with appropriate component changes accom-
plished by muitiple switching. however, from the point
of view of the amateur constructor, and certainly for the
ease of explanation, it makes life easier to show the
record and relay circuits as separate entities. | have
shown asuitable circuit design, based onalow-noise op-
amp, in Fig 13. .

In this circuit, the output of the replay head (through
suitable switchingif itiscombined with the record head)
is taken directly to the input of IC1. The gain-frequency
characteristics of this stage are determined by the RC
network inits negative feedback loop. Referring back to
Fig. 6, we see that the LF gain is rolled off at 50 Hz (a
3180uStime constant), at again of 500. Fromthiswe can
infer that the total resistance in the feedback path, from

INPUT o——l X 120us
CS _/ 70uS
220n avd ~ w2

R? R8
10k 14k

c6
SnOT
RV3 S~

output to —ve in, must be 500K, if R1 is 1k0. Also, the
time constant of R1C2 must be 3180sS. If R1is 1kO0 then
C2 must be 3180 nF or 3.18uF. This shows how simple
the use of ‘time constants’ makes the task of working out
circuit component values.

Now, we require the gain to decrease linearly from
50Hzto 1.33 kHz (inthe case of the 120uS equalisation)
0r2.27 kHz (for70 uS). Thiswe canaccomplishbymeans
of C3 and R2 and R3, switched by S1. If C3 is 5nOF — this
musthave animpedance greaterthan500 kat50 Hz, but
we can't afford to go too high (Z ., for 5n0 is 636k) —
then the 120uS time-constant will be given foravalue of
R2+R3 0f120/5=24k.Also, the 70uS time constant will
require R2 onitsown,tobe70/5=14k. SoR2=14Kand
R3 = 10K.

IC2 is a simple output buffer stage, to give an adjust-
able gain of 1to 11, depending on the setting of RV1. R5
gives some output isolation, and the value of C4 is
chosensothatthe LFresponseisadequate.Since3.18uF
gives a —3dB pointat 50Hz, 22 uF will give a —3dB point
at 7Hz, which is low enough.

A small circuit refinement is the inclusion of C1
across the cassette head to tune the head, with its inter-
nal inductance, to some 15 to 18 kHz The actual value
will depend on the head inductance, and can be
calculated from the formula f,= 1/2y/LC. A value of
680-820pFwillbe intherightorder. This limits the wide-
band noise output from the head, and reduces the
chance of noise being worsened by cross-modulation
within the input IC amplifier.

C5 across the first amplifier stage performs a similar
bandwidth limiting function. Thismaynotbeacceptable
for the NE5533 or 5534, so regard it as an option.

Record Amplifier

This has to meet five design requirements. The out-
put must be large enough to drive the cassette record
head throughthe47 kswamp series resistance. Anormal
IC op-amp will do this quite well, with very low distor-
tion, when operated from =12 or 15V supplies. It has to
provide a means for adjusting the record signal level. It
has to provide a modicum of bass lift, say +3dB at 50Hz
and +6dB at 30Hz, to compensate for the specified roll-
offinthereplay curve. It has to provide the specified de-
emphasisat70uS or120 uSas required, andfinally, ithas
to generate a peak, of +15dB or so, at 15kHz, to offset
the head losses.

A circuit which will meet these requirements, and
give a high quality performance, is shown in Fig. 14. In
this 1C3 is a simple unity gain bufferamplifier, which has
a low output impedance but yet allows a high impedance
input to the record level control. R9, R10, C6 and S2°
generatethe70and120uS de-emphasis characteristics.

Fig. 14 A typical cassette record
amplifier giving the frequency
response shown in Fig. 12.
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Fig. 16 A simple recording level meter circuit. -

Sincewe have calculated suitable values fortheseforthe
replay amp., we can use these again. R11 is a trimmer
resistorwhich we can use toassistin gettingan optimally
flat overall frequency response, by lessening the extent
of this de-empbhasis. 1C4 is a gain stage with a low-
frequency gain of 5.7. However, the LCR network
formedbyL1,C8and RV4istunedtoresonateat15skHz;
this makes the gain increase at this frequency to an
extent which is governed by the Q of the circuit, which
can be adjusted by RV4 (for the tuned circuit, f, =

R11, R12 and C9 generate the boost at 50 Hz (3180
us, the time constant of C9R11) and the levelling off at
30 Hz (5300 ps, the time constant of C9(R11+R12)).
IC5 is another straight gain stage, with a gain of 5.7, and
this drives the record head through C11 and R19.

Overall, the gain of thisamplifieris 30 at 1 kHz, which
allows a 5 V RMS output from IC5 fora 170 mV input.
Bias is applied to the head directly from the bias
oscillator circuit.

Bias and Erase Oscillator

In reel-to-reel recorders, and in the rather more up-
market cassette decks, a separate transformer would be
used, both as the coil in the LC erase oscillator, and as a
transformer coupling from a secondary winding to drive
the erase coils and HF bias circuitry. However, in
cassette recorders, provided it is not proposed to use
‘metal’ taﬁe (for which very high erase voltages across
the erase head areneededtoachieve therequired 60dB
erasure of previously recorded signals) it is quite satis-
factory to use the erase head itself as the coil in the
oscillator circuit, and up to 25V RMS can be generated
by the oscillator circuit shown in Fig. 15. A small propor-
ton of this is then bled off through an RC network to bias
the record head.

The actual RMS bias voltage across the head for
optimum recording characteristics must be determined
by experience for the record head and tape being used,
butitwill probablylie somewhere between5.5and 10 V
RMS, as measured by a wide-bandwidth AC milli-
voltmeter. Understandably, from Figs. 10and 11, there is
no such thing as a ‘correct’ bias voltage setting. All that
one can doisto try to choose a voltage at which all of the
conflicting tape characteristics are partially satisfied, in
your own judgment. As simple a soluton as any is to
design the record and replay amps so that they give a
reasonably good frequency response, and then trim the
‘bias’ voltage sothat the overall frequencyresponseisas
levelas possible. Obviously, if one has good instruments
and a lot of time to experiment, a better compromise
value could be found.
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In Conclusion

These then are the basics of tape recording, and the
circuits shown above, when used with a suitable
cassette mechanism, an adequate power supply
(derived forexample from a pair of + and — output 12 or
15V ICstabilisersand a decent quality pairof supplyline
bypass capacitors) and some form of recording level
indicator which could well be a simple one-IC AC
millivoltmeter of the form shown Fig. 16., could be
used to make a quite high performance DIY cassette
recorder. However, beingrealistic, | donotreally believe
that anyone in the UK at the moment would want to
build himself a cassette recorder — unless, of course, he
had most of the parts already to hand — when he could
buyone, readybuilt,and with allthe trimmings, forabout
two thirds of the wholesale price of the components.

Nevertheless, it is useful to know what kind of cir-
cuitry is employed in tape recorders, and what the pro-
blems and limitations are, so that one might rebuild or
modify existing unsatisfactory equipment, or simply so
that one can know where the strengths and weaknesses
of the method lie. Also, because every tape or cassette
recorder represents the end product of a very large
numberof design compromises, which affect distortion,
modulation noise, overload characteristics, flatness of
response and background noise level, as well as the
straightforward HF bandwidth, cassette and reel to reel
tape recorders differin sound quality, one from another,
very much more than, say, audioamplifiers or tuners do.
Evaluation of the effect of these many compromises is
truly an appropriate field for the ‘subjective’ listener.

I have tried, in this series, to take a brief look at the
types of circuitry which are used in audio equipment, to
tryto show howthe designer might do his circuit calcula-
tions, and to attempt, where possible, to remove the
mystery from this subject. During this, | have been aware
that one of the major areas of calculation, that involving
capacitors and resistors, has been skirted round rather
hurriedly, andthe readerhas been left with just a fewuse-
ful landmarks, rather than a map. This is because more
detailed calculations require the use of algebra employ-
ing ‘complexnumbers’. However, speaking asonewhois
really avery poor mathematician, | honestly do not think
that there is anything in this which should frighten any-
one (especially if they have a pocket calculator to do the
sums for them) — indeed, some of the calculations are
reallyquite funto do. lam thereforeverypleasedthat the
Editor has indulged my wish to try to show that this is
really quite simple, in the next part of this series. TI
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C's 0.8p etc. . . BARGAINS GALORE!

VEROBLOC £1 off
Our biggest selling breadboard on offer
at a special price of £4.10

NUT SCREWS WASHERS & BOLTS
Over 2 miltion in stock, metric, BA, self-
tappers etc SAE for list:-

COMPUTER GAMES |
Z901 Can you follow the flashing light/
pulsating tone sequence of this famous
game? Supplied as a fulty working PCB
with speaker (no case) plus full instruc-
tions Only £4.95
Z902 Probably the most popular elec-
tronic garne on the market — based on
the old tashioned pencil and paper bat-
tieship game, this computerized ver-
sion has brought it bang up toc date! We
supply a ready built PCB containig
76477 sound effect chip, TMS1000 1
micro-processor chip, R's, C's etc.
Oftered for its component value only
{board may be cracked or chipped), i's
only £1.95. instructions and circuit
30p. ]
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TV. SOUND TUNER

BUILT AND TESTED

In the cut-throat world of
consumer electronics, one

of the questions 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 ali this is really quite sad, as the

COMPLETE
WITH CASE

£24.95 +£2.00p&p.

TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct 1o your Hi-Fi is a must for quality

reproduction. The unit is mains-operated.

This TV SOUND TUNER offers full UHF coverage with 5 pre-selected tuning controis, It can

also be used 1n conjunction with your video recorder. Dimensions: 11%"

x 8v2''x 3%

E.T.l. kit version of above without chassis, case and hardware. £12.95 plus £1.50 p&p.

PRACTICAL ELECTRONICS

STEREO CASSETTE

RECORDER KIT i chst

ONLY £31.00 plus £2.75 p&p.

+ NOISE REOUCTION SYSTEM. « AUTO
STOP. « TAPE COUNTER. « SWITCHABLE
E.Q. » INDEPENDENT LEVEL CONTROLS.
* TWIN V.U, METER. - WOW & FLUTTER
0.1%. « RECORD/PLAYBACK |.C. WITH
ELECTRONIC SWITCHING. « FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ‘ALL TYPES.

Kit includes tape transport mechanism, raady punched and back
printed quality circuit board and all elec'ronic parts. i £. semiconductors,

resistors, capacitors, hardware, top covt r, printed scale and mains transformer.
You only supply solder & hook-up wire. Featured in Apnl P.E, reprint 50p Free with kit.

STEREO TUNER KIT

This easy to
build 3 band
stereo AM/
FM tuner kit
is designed

in conjunction
with P.E.(July
‘81). For ease of construction and alignment
1t incorporates three Mullard modules and an
1.C. IF System.

FEATURES: VHF, MW, LW Bands, interstat-
ion muting and AFC on VHF. Tuning meter.
Two back 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 supp- |

lied are to P.E. strict specification. Frontscale
size 10%""x 2% approx. Complete with dia-
gram and instructions.

SPECIAL OFFER!
£13.95 +£2.50p&p

STEREO CASSETTE
DECK

Stereo casseite
tape deck trans-
port with elect-
ronics.
Manutacturer’s
surplus -- brand
new and operat-
ional — sold
without warranty.

£11.95
plus £2.50 p&p.

Just requires
mains transform-
er and input/
output sockets
and a volume
control 10 com-
plete. Supplied with full connection details.

125W HIGH POWER
AMP MODULES

The power amp kit is a module tor high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems, The unit is prolected
against short circuiting ol the ioad 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 1s 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.

ACCESSORIES: Stereo/mono mains power supply

kit with transformer: £10.50 pius £2.00 p&p

SPECIFICATIONS:
Max. output power (RMS}- 125 W. Operating

voltage (DC). 50 - 80 max. Loads: 4 - 16 ohm.

Frequency response measured @ 100 watts:
25Hz - 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%. Dimensions: 205x90 and 190x36mm

xIT £10.50 suILT £14.25
+£1.15p&p +£1.15p&p

AUDAX 8”

HIGH QUALITY 40 WATTS
RMS BASS/MIDRANGE

{deal for either Hi-Fi or Disco use this speaker
features an aluminium voice
coil a heavy 70mm diameter
magnet. Frequency res: 20Hz £5.95

to 7KHz. Impedance: 8 ohms  +£2.20 P&P.

AUDAX 40W Ferro Fluid Hi-Fi
Tweeter
X/over on BkHz

— 22kHz. 60mm
square. 8 ohm.

£5.50

+60p p&p

SPEAKER BARGAINS

2WAY 10 WATT
SPEAKER KIT

8’ bass/mid range and 3% "'
tweeter. Complete with screws,
wire, crossover components
and cabinet. All wood pre-

cut - no cutting required
Finish - chipboard covered
wood simulate. size 14%"x
8% 'x 4" PAIR for ONLY

£12.50 plus £1.75 p&p.

All mail to
21E HIGH STREET, ACTON, W3 6NG.

Note: Goods despatched to U K. postal addresses anly.
All itams subiject to availability. Prices correct at
J1/5/83 snd subject te change without notice

Plesse allow 14 working days fram receipt of order

for despatch. RTVC Limited reserve the right 10 up-
date their praducts without notice. All enquirigs send
S.A.E. Telephone or mait orders by ACCESS welcome
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ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2. Telephone: 01.723 8432.

{& minutes walk from Edgware Road Tube Stat:an)
Now open 6 days aweek 9 - 6 Prices include VAT

R|[THv|[c

Test Equipment

DISTRIBUTORS)

-4 Philips PM 2517X Handheld OMiM £172

Muilti-function, 4 digit autoranging with manual

override. True BMS to 10Amp. Battery operation.
"Optional accessories extend measurement capabilities.

Philips PM 3207 15MHz

Oscilloscope £325 »
Tough light-weight portable for field service
work with big screen. Dual trace, TV
triggering. X-Y operation, add and invert.

<4 Philips PM

5107 Function Generator £295
Oesigned for audio and educational
applications. Low distortion LF generator
10Hz to 100kHz, sine and square
waveforms. TTL output.

Philips PM5503 Pattern Generator »
£139 Small, light-weight for TV servicing.
Five different test patterns for colour and
monochrome. Tone for audio checking. Video
output.

<4 Philips PM 6667/01 Frequency
Counter £290 High resolution

7 digit computing counter from 10Hz to
120MHz. Auto ranging on all waveforms.
PM 6668/01 (£425) performs to 1GHz.

New Fluke 70 series
Analog/Digital Handheld
Meters Al meters have 3
year warranty, all feature
measurement functions of
valts, ohms, amps and
diade test.

JF 73 £B65 DC accuracy
0.7% Autoranging

JF 75 £75 DC accuracy
0.5% Auto/manual ranging
JF 77 £95 DC accuracy
0.3% Touch hold function
Multi purpose holster

<4 Hameg HM 103 10MHz Oscilloscope
£158 Single trace, suitable for field service
or home constructor. Two year warranty
applies to this and all Hameg instruments.

] )\ Hameg HM »
‘M 203-4 20MH:
Oscilloscope £264
Dual trace for general purpose applications

in industry and education. X-Y operation, TV
triggering, add/invert and component tester.

-4 Hameg HM 204

20MHz Oscilloscope £365 High
performance instrument with sweep delay.
Versatile triggering to 50MHz, variable hold
off control, Z modulation and internal

' ‘\ fllurminated graticule.

I.C.E. Microtest 80 Multimeter £19
Compact meter in robust case.

40 ranges of measurement with high
sensitivity and accuracy. Large range of
INEXPENSIVE aCCESSories.

Elecromc Brokers lt., Bll Road
London WCIX SLN.T Tel 01-8331166. Telex 298694

| = = | = = | el o |
:-I‘I:-I:I:H: —
Electronic Brokers | ™ w | == o= | =29




Every month we plunge deeper into the arcane mysteries of
machine code — taking our readers with us, we hope. This
month, Bob Bennett goes beyond the index registers

| form Ld (pg),A etc, and showed how two bytes
are pushed back onto the stack. | also left you
with the question of what happens if you push HL and
pop DE. The answser is that both HL and DE now hold
the data that was in HL originally.

One last thing, for the moment, regarding the
stack: when you have finished with your machine
code program and wish to return to BASIC, for
example, then you must make sure that everythin
that you pushed onto the stack has been popped of?.
This is because when you GOSUB, and call to USR
(machine code) program is a GOSUB, then the return
address is pushed onto the stack. When the time to
return comes along then the address is popped off the
stack, but if you have left some pushes un-popped, so
to speak, then some very funny things can happen.

Whether you use pq to represent an address, or
mn a number, doesn’t matter a jot, as long as you, the
programmer, know what is happening. However, what
is significant is the presence or absence of brackets in
the instruciton, as | mentioned last month. Fig. 11
shows part of a program with a Z80 instruction to load

L ast month | gave examples of instruction of the

21h =Ld HL,mn

= 117 x 256 = 30,000d

HL with 30,000d or 7530h. Note how the low byte,
the one in L, goes straight after the instruction. Some
of you will be familiar with the BASIC instruction,
PRINT PEEK (address) + 256 x PEEK (address + 1);
now you can match up the request with Fig. 11. The
difference between the two instructions 2A — Ld
HL,(Pg) and 21 — Ld HL,mn should now be apparent.
The first instruction loads the contents of the address
pqg into L, and the contents of pgq + 1 into H; the
second instruction loads the byte n into L and the
byte m into H. If the two bytes mn represent an
address, then HL is said to be pointing to that address.

Taking The Indirect Route

The Z80 instruction 77 — Ld(HL),A is an example
of indirect addressing, which if you work it out, means
load the contents o% the A register into the address
which is pointed to by the HL pair. This is the machine
code equivalent of the BASIC instruction POKE

64

Fig. 11 Z80 instruction to

30h=n

75h =m

load HL with 30 000 decimal.

, Fig 12 One way of printing
21~ Ld HLmn a screen position 0,0.
00=n = LOW BYTE OF SCREEN
POSITION 0,0 ADDRESS
40=m = HIGH BYTE
3E—-LdAn
41=n = HEX CODE FOR LETTER A
77 —Ld (HL) A

(address), with whatever. Earlier | explained that the
display file is a series of addresses, with each address
holding a byte of information relating to the screen
display. | also gave the address 16384d - 400Ch as
being the address of screen position 0,0 for no par-
ticular computer. Fig. 12 shows how to poke the code
for the letter A onto the screen at position 0,0 usin

one method, and Fig. 13 shows a different method.
However, an explanation is required for the method
used in Fig. 13.

| 2a-toHLea | TP e aooResses 0 Fig. 13 Another way of
2c 4 | acoesinToL printing a screen
position 0,0.
40 p p GOES INTO H
3E-LdAnN
41=n i =HEX CODE FOR LETTER A

77 ~ Ld {(HL)LA

Suppose that you didn’t know the address of the
position 0,0 on the screen, but the system variable
called D File held the address. |f the address of D File
was 19634d - 400Ch this would mean that 400Ch
would hold the low byte of the address of position 0,0
and 400Dh would hold the high byte. :

One last example in this section is the Z80 instruc-
tion 7E — Ld A,(HL), which is the machine code
equivalent of the BASIC instruction PEEK (address).
Of course, registers other than A and HL can be used,
but you should by now be able to identify the other
instructions. Just in case you are wondering about the
term indirect addressing, the instruction 77 — Ld
(HD,A pokes the contents of register A into the
address via the HL pair. What | haven’t mentioned yet
is the use of such instructions in a program, so here is
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a short explanation using the two instructions given
above,

Suppose instead of poking the letter A onto the
screen, we had poked the code for 1 (this could be
the start of a score, or the first try at something or
other). Later on in the program we will want to test for
the limit, say 9, and if we have reached it then finish,
otherwise increase (increment) the score and carry on.
The instruction 7E — LD A,(HL), where HL points at
the screen position of the number, will load A with the
number on the screen. Comparing register A with the
limit, 9, we can either finish if A equals 9, or increment
A, poke it back onto the screen, and carry on with the
program. I'll be covering the compare instructions
later on, but it does involve the use of the flags. Things
should be starting to fall into place now, but it does
require a little thought.

Fingering The Index

Because the index registers X and Y allow great
flexibility in machine code programming, this section
will cover a lot of ground. As you get to know how the
index registers work the easiest way to visualise them
is as pointers to a table, the X registers moving
horizontally, and the Y registers moving vertically. This
doesn’t happen literally of course, but the table con-
cept can easily be programmed. Because | wrote
about indirect addressing in the last section, I'll give a
couple of examples from the 6502 set using indirect
and indexed addressing together. Pre-indexed
indirect addressing is the grand title of the first
example, and Fig. 14 will make what's happening
clearer.

The instruction A1 — Ld A,(1,X) requires a second
byte after the op-code (A1). This second byte is
added to the contents of the X register to get the
address of the first of two sequential bytes in zero
page of the memory. These two bytes form the
address of the byte to be loaded into the accumulator
(or A register). In the example I've assumed that the X
register holds 70h and that the second byte of the
instruction is OAh. These two are then added together
to get 7Ah (any carry bits will be lost) which is used as

—FFATURE

a pointer to locations 007Ah and 007Bh in the
memory. The contents of these two locations are
treated as a 16-bit address (low byte in the lower
address) and in our example this is 4000h. This is the
address which holds the byte to be loaded into the
accumulator, in this case FFh, to finish the instruction.

Note that the X register still contains 70h at the end of
the instruction. A most useful mnemonic would be A —
(byte 2 + (X)) which illustrates quite clearly what is
happening. Although | mentioned zero page address-
ing above, you could have reasoned out what was
going on without it, because the X register will only
hold one byte.

The second example from the 6502 set is B1 — Ld
A(D,Y which is a post-indexed indirect instruction,
with the mnemonic A — ((Y) + (byte2)). Before you
look at Fig. 15, and before you read my explanation,
see if you can work out what it does; think of the use
of brackets.

The second byte, in this case BE, is address 00BE,
and 00BE and OOBF hold the two bytes of an address,
in this case 4000h. The byte in the Y register, which is
FFh, is now added to 4000h to make 40FFh, and in
address 40FFh is the data that is loaded into the A
register. What could be simpler?

Please note that only certain index registers can do
particular jobs in the 6502 set. | leave it as an exercise
for you to work out how the two prefixes pre- and
post- are justified.

The Z80 CPU has a host of instructions involving
index registers IX and 1Y. The instructions for the 1X
and IY pairs are the same as those for the HL pair with
the prefix DD for IX and FD for 1Y instructions. As an
example I'll take the Z80 opcode 77 — Ld (HL),A
which | used in the previous section; the instruction
DD 77 — LD (IX + d),A is the indexed equivalent. This
is quite straightforward; it means: poke the contents
of A into the address formed by adding d to IX. That
letter “d” means that there are three bytes in the
instruction and “d”, for displacement, is the third
byte. This byte is treated as-an 8-bit signed 2's com-
plement number and thus has a value between
—128d and +127d. (80h = —128d, 00h = 0d and 7Fh
= +127d) If 1X held 4000h and we wanted to load

A2 —Ld X;n
70=n ]
G | e Fig. 14 Pre-indexing addressing
X=007A-| HOLDS BVTE 00 ' from the 6502 set
X =
op ) P > ADDRESS 4000 we—e— | REGISTER ANOW | rom the :
g 5 HOLDS BYTE FF HOLDS FF
— ADDRESS 0078
/_“”-(‘ HOLDS BYTE 40
A0 —LdYn
FF = /
BI—LdA(NY Py
Fig. 15 Post-indexing indirect addressing [ - el ) "
) ! ADDRESS 40FF REGISTER A
from the 6502 set. : =4000 + Y = 40FF | 6| DS BYTE FF NOW HOLDS FF
) ADDRESS 00BF
f/ HOLDS BYTE 40 _/_/_/_.
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the A register into address 4079h, then the full
instruction would be:- DD 77 79.

By now you should be able to recognise just about
every addressing mode that you may come across.
Before | carry on, though, | would like to just clear up
something | just touched upon at the beginning of this
month’s article, when | was discussing pushing and
popping.

Apart from the fact that we can’t use line numbers
in_machine code, we do have the equivalent to
GOSUB instructions where we GOSUB to an address
(location). The 6502 instruction set has only the one
instruction to GOSUB and that is 20 — JSR where JSR
means jump to subroutine. Now don’t confuse this
jump with the relative jumps and the like, that | wrote
about earlier. Just as in BASIC, this jump to a sub-
routine expects a RETURN which with the 6502 is 60
— RTS or return to subroutine (I always think of it as
return to sender!).

The Z80 set has quite a few GOSUB instructions,
although they are labelled CALL, with the simplest
being CDpqg — Call pq. All of the flag conditions can
be used for Calls in the Z80 set; for example, CCpq —
CALL Zpq, which means, when the result of the last
instruction is zero, GOSUB pq. Again flag conditions
can be used for a return, such as DB — RET C, when
carry flag is set. The straightforward return in the Z80
set is C9. A word of warning, though: keep tracks on
your calls to subroutines, and make sure that the
returns match up. If in doubt, re-read this month'’s
opening section.

A Logical Conclusion

A seemingly innocuous one-byte instruction is
increment, or add one to. This can apply to single
registers, pairs, index registers and even inc,(HL). The
6502 has single byte instructions for incrementing its
X and Y registers only. Increment is one of three add
instructions which involve the use of absolute binary
arithmetic. All that means is that we will be using
binary, but with no fractions and no negative or posi-
tive numbers, This will become clearer as we go along
anyway.

Taking a single register first, as you would expect,
increment will just acfd 1 to the contents of that regis-
ter. This is all very well until the contents of that regis-
ter reach FF, which is the maximum number that one
register can hold. So now what happens? Fig. 16
should be of some help, and if you don't understand
binary addition then this explanation will put you
right. Remember that a binary digit, or bit, can only be
either 1 or 0, if we add two 1s together the answer

must be 0 and carry one over to the left. Starting at bit

0, the one on the right in Fig. 16, work your way to the
leftmost bit which is bit 7

advisable to check on the flags situation in the instruc-
tions set.

By the way, what happened to the last carry to the
left, the one after we added 1 to bit 72 The answer in
the case of incrementing is that it was discarded, but
with the next two add operations it is important, as it
affects the carry flag. The 6502 also has 2 and 3-byte
instructions for incrementing (and decrementing)
memory locations directly and indirectly.

In the Z80 set, you can add register to register,
such as ADD A,B, or add pairs such as ADD HL,DE.
Again, index registers can be involved, and even an
instruction such as ADD A,(HL). Usually the only regis-
ter that you can add a constant to is register A, in
instructions such as ADD A,n. Fig. 17 shows the simple
addition of two registers, which is quite straightfor-
ward. Again, when the two numbers added together
come to more than one register can hold then the
register that is being added to will pass through zero.
This time, something different happens, so let’s take a
look at an example.

Contents of register A= 50 decimal = 00110010 binary
Contents of register B = 100 decimal = 01100100 binary
Contents of register C = 150 decimal = 10010110 binary

Fig. 17 Adding two full registers together.

Suppose register A held D1 or 209, and register B
held BO or 176 and the instruction was ADD A,B. Fig.
18 shows what happens, but 'l put it into words as
well. Adding 209 and 176 gives an answer of 385; sub-
tracting 256 leaves 129, which is what finishes up in
register A,

Just to prove what a glutton for punishment | am, |
will now go through the binary addition in Fig. 18. Bit
0, the rightmost %)it, is where we start, and 0 + 1
equals 1 so a1 goes on the bottom line. Bits 1, 2 and 3
are 0 in both registers so 0 goes on the bottom line in
each case. Bit 4 in both registers is 1 so down goes 0
and a carry to the left. Two 1s make a carry from bits 5
and 6, this 1 goes into bit 7 position on the bottom
line. Those two 1s above the bottom line in bit 7
position give a carry to the left, and this last carry sets
the carry flag 7.

Contents of register A = 209 decimal = 11010001 binary
Contents of register B =176 decimal= 10110000
Contents of register A= 129 decimal = 10000001 binary
A carry to the left sets the carry flag

Fig. 18 What happens when two registers added together
come to more than 255 decimal. )

Contents of register = FF= 11111111 binary
1 INCoradd1
Contents of register = 00 = 00000000 -

Fig. 16 Incremementing the contents of a full register.

You should finish up with all the bits at 0, which
means that the register now holds zero. So you see,
incrementing a fu%l register, or register pair, simply
means that we start at zero again, and the zero flag
should be set. | say should be set because it's always

86

The third add instruction is ADC, which stands for
add with carry, and is really straightforward. What hap-
pens is that all the above rules apply plus the fact that
the current value of the carry flag is added on to the
total, and the carry flag altered according to what hap-
pens during the current instruction. In other words, if
there is a carry over from bit 7 then the carry flag will
be set, otherwise reset. The 6502 has no register to
register arithmetic, but uses memory locations —
especially zero page locations — instead, but always
with ADC.

The subtraction instructions follow exactly the
same pattern as the addition instructions with regard
to the registers, etc. The first SUBtraction is DECre-
ment, or decrease by 1, then SUB and finally SBC or
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FEATURE : Machine Code

subtract with carry. As you might expect, if you decre-
ment a register, or register pair, which holds zero, then
the number will zoom round to FF or FFF. Rather than
me give you an example of subtracting in binary, why
not have a go yourself? Write down two decimal num-
bers, take the smaller from the greater, convert the
two numbers to binary, underneath write down the
answer from the decimal subtraction converted to
binary. Now work out how you can arrive at the
answer,

AND The Rest

Usually there are three logical instructions that you
can use which are AND, OR and XOR. Taking AND as
the first example, it usually comes in the form AND,r
where 1 is another register such as AND,C. There
should be an instruction such as AND,n where n is any
number up to FF, and you may get AND(HL) and even
AND(IX + d). Your CPU instruction set should show
what AND instructions you can use. Whatever the
instruction, everything is ANDed with register A, the
accumulator.

Assuming that register A holds FF and register B
holds OF, Fig. 19 shows what happens when the

Register A holds FF= 11111111
Register B holds OF = 00001111
Register A holds OF = 00001111

AND

Fig. 19 The result of the instruction AND B.

instruction AND,B is met. The explanation couldn’t be
easier: if the bits in A and B are both 1 then that bit
remains the same in register A.

Check with your CPU instruciton set, but an AND
instruction will usually alter all of the flags, with the
carry flag always being set. If, during the writing of
your program, you are not sure of the status of the
carry flag, then AND A or AND FF will always reset it
for you. Another use for ANDing is to mask off certain
bits, and this is worth an explanation.

In the first part of this series | made a passing men-
tion to a refresh register which is used to ensure that
data isn't lost from RAM by the simple expedient of
each address from time to time. What happens is that
this register, R, starts off at zero and is incremented
until it reaches 7F, it is then discharged and starts at
zero again. So at any time register R will hold a num-
ber between 00 and 7F. The Z80 set has an instruction
ED 5F — Ld A,R which, if used from time to time in a
program, gives the effect of putting a random number
in A. If you want to make sure that this ‘random’ num-
ber doesn’t go above a certain number all you have to
do is AND,x where x is your limit; note, however that
if you chose an x that is not equal to 21, this opera-
tion will not return a truly random number (why?)

The refresh register is acutally 8 bits but onry the 7
lower bits are incremented automatically. The 8th bit
can be set or reset by using the Ld R,A — ED 4F which
transfers the contents of the A register to the refresh
register. The refresh register will then be incremented
from that value but the MSB will stay in its current

state. ETl
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INSULATION i . /
The toroidal transformer is now accepted as the standard in industry, /
overtaking the obsolete laminated type. Industry has been qulck_(o ; :/j =
recognise the advantages toroidals offer in size, weight, fower radiated e 57> i L r:&(;z};&nréz
field and, thanks to I.L.P., PRICE. WINDING 4
[
Our large standard range is complemented by our SPECIAL DESIGN INSULATION
section which can offer a prototype service within 7 DAYS together J oA
with a short lead time on quantity arders which can be programmed mm’ﬁ(g o i
to your requirements with no price penalty. = END CAPS
15 VA 50 VA 120 VA 225 VA 2 500 VA n
62 x 34mm 0.35Kg 80 x 35mm 09Kg 90 x 40mm 1.2Kg 110 x 45mm 2 2Kg 140 x 60mm 9 .
Regulation 19% Regulation 13% Regulation 11% Regulation 7% Regulation 4% YVh\é a Tl'lorolfi? T
SERIES SECONDARY AMS |  2x010 6+6 416 44010 646 10 00 6x012 12412 938 8x016 25425 1000 UEMUCLEEEAS & B t to meet
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2wz 1212 208 ax0'2 12012 500 6014 18418 625 BaD18 35435 714 *  Low electrically induced
. : w electrically induce
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0x014 18418 042 sw017 30430 083 4x017 30430 200 62026  40-40 281 81028 110 454 High e.fflc.en.cy enabling
0x015 22122 034 2:028 110 049 4x018 3 3% 1 6x025  45.45 250 8x029 220 227 conservative rating whilst main-
02016 29424 030 2x029 220 022 44028 110 109 glggg 5?;80 g Si 8x030 240 208 taining size advantages,
T wisy o e pezd B2 OFA Y 2 102 625 VA *  Lower operating temperature.
4x020 24 050 6x029 20 o] 1]
{encased in ABS plastic) 80 VA k o 2 6x030 240 093 140 x 75mm 5Kg
! Regulation 4%
90 x 30mm 1Kg egulatio
04 0.45K ;iegulaﬁon 12% 110 x 40mm 1.8Kg 300 VA ~ T Why ILP?
T Regulation 8% Wopd=0m D 2.6Kg S T *  Ex-stock delivery for small
ation a . - o g . -$
eov UL ol o 011 3.9 889 Regulatiorioe 9x026 40440 781 quantities.
1010 Bk 250 iy S ; 5x012 12412 6 66 7x013 15415 1000 9x025 45445 694 * ;i i
1x011 Py | 66 X012 12412 133 Sx013 16415 533 N . el5 o] s e Gold service available. 2'1 dz'ays
1012 212 125 b e 9a01a 1818 - 7015 22422 682 9x042 55454 568 manufacture for urgent deliveries.
1013 Mhets 106 ] goz ox019  22.22 383 | 016 25425 600 9x028 110 568 115 ;
1x014 1B 1B 83 G0y N 5:0'h  25.23 320 73017 30430 500 32029 220 284 year no quibble guarantee.
1014 22420 Ju8 0ol cy i mQ c o duese 26k 7:018  35-35 428 9x030 240 260 * Realistic delivery for volume
o e | )5 e 1243 L3 5018 3N IS 228 7x025 4040 375 orders
15017 30430 050 a8 4 10 5026 AU-40 2906 7x025 45145 333 M o -
txia 220 T 22028 10 | 7x033  50+50 300 No price penalty for call off
X036 240 [URE! 5x02Y9 220 072 7x028 "o 272 i
£x030 240 06b 7x029 220 136 ’
7x030 240 125

Prices including P&P and VAT Mail Order — Please make your crossed

Post to: |LP Electronics Ltd., Dept.5

VA Size £ VA Size € cheques or postal orders payable to |LP
15 0 7.43 160 5 1290 Electronics Lid Graham Bell House, Roper Close,
gg ; 18?8 S(Zlg (7; :ggg Trade — We will open your credit account Canterbury, Kent. CT2 7EP
80 3 10.81 500 8 35(75% :)"r‘d”;red‘“e'y upon receipt of your first Tel: {0227) 54778 Telex: 965780
120 4 11.73 625 9 1. 2

For 110V pumary insert "0 ' inplace of "X 1n type number.

For 220V primary {Eurcpe) insert "1 1n place of "X in type number
For 240V primary [UK] insert "2 i place ot X' in type number,
IMPORTANT: Regulation - All voltages quoted are FULL LOAD.

Please add regulation figure to secondary voltage to obtain off load voltage.

L

e
ELECTRONICS LTD.J
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P.S.Ifyoudon’tknowwhat Interak 1 is—itisa
modular, build it yourself, 19” Rack and Card

development system. It's been going for
years and years and it's still going strong.
(Interakismore suitable forindustriat or semi-
serious use than for home computer video
stylegames,anditis unequalledfor"nutsand
bolts” computer education.)

Afree leaflet describing Interak 1 is yours for
the asking (a 21p stamp and/or SAE helps
defray expenses but is by no means essen-
tial. — Send to the address below.

= Greenbank

Interak 1

SCOOP! INTERAKTION
USER GROUP
IMPLEMENTS

XTAL BASIC

Contact Pete Vella, 19 Ford Drive, Yarnfield,

Nr. Stone, Staffs ST15 ORP for details.

Whatever they say about BASIC, it's here to
stay, and now Interak users can hold their
heads up high because they can have the
best: XTAL BASIC.(Over 12K of carefully writ-
tencode, which because ofthe4MHz Z80A's
power, is worth much more than the same
amount of (say) 6502 code.)

Greenbank Electronics (Dept. T2E), 92 New Chester Road,

New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391

FOR HI-FI & ELECTRONICS ENTHUSIASTS

CONCEPT ELECTRONICS
51 ToIIIngtonMF:Ic’::‘g; ol’.J:;ndon N7 6P

We are the specialist of electronic kits and rack mounting cabinets. A catalogue with
complete range of products including pre-amp modules, power amp modules, pre and
power amplifier modules, complete kits of amplifiers, equalizers, reverberation
amplifiers (with cases), alarm clocks, appliance timers, CB amplitiers, test equipment,
control modules, music generator, battery flourescent light and high quality rack
mounting cabinets etc. with illustrative pictures now available at the cost of 35p +

25p pép.

Professional rack mounting cabinet

feet.

LTD
B

Panel Size Rear Box Price

WH(inch) WHD AL STEEL
19x5 17x45x10 27.54 2354
19x4 17x35x10 2524 21.24
19x35 17x3x10 24.09 2008
19x3 17x25x10 2408 —

19x25 17x2x10 22984 1894
19x6 17x55x12 2869 2469
19x5 17 x45x12 2754 2354
19x4 17x3.5x12 2524 2124
19x35 17 x3x12 24.09 2009
17x35 165x3x9 2178 17.79
17x25 165x2x9 2064 1664
17 x4 155x35x12 25.24 21.24
17x3 165x25x12 24.09 2009

Please add £2.50 p/p peritem
+ Wholly made of black anodised aluminium sheets % Suitable for high quality
amphfers and many other purposes # Top, side and rear cover removable for access
 Separate front mounting plate « Heavy gauge front panel is of brushed aluminium
finish enhanced with two professional handles % With ventilation slits and plastic

The low cost steel version is also available. The size and features as weil as the front
panelis the same as the aluminium cabinets except the rear box is manufactured from

steel painted in black.
CONTROL MODULES

TY-7 Electronic touch switch

£2.90 Kit £4.50 Ass.
TY-11 Light activated switch

£2,20 Kit £3.50 Ass.
TY-18 Sound activated switch
(Clap switch) £4.50 Kit £5.95 Ass.
TY-38 Sound activated switch
(voice-switch) £5.50 Kit £7.50 Ass.
TY-41 Infra-red remote control
(Receiver and transmitter)

£17.20 Kit £21.95 Ass.

HI-FI AMPLIFIER MODULES

TA-323A 30W + 30W stereo amplifier
£18.95 Kit £23.95 Ass.

TA-820 60W + 60W stero amplifier
£27.80 Kit £33.50 Ass.

TA-920 70W +70W stereo amplifier
£35.50 Kit £42.50 Ass.

CLOSING DOWN SALE |

All items new, full spec, guaranteed and from well-known manuracturers

' TRANSISTORS

AC141
AC142
AC153

80121 30p | 2N1132 13p | 4068 iop
BD123 300 | 2N1304 120 | 4069 7p
15p | BD135 2op | 2N1306 16p | 4082 i2p
7p | 8D138 20p | 2N1308 20p | 4518 35p
t5p | BD1a7 20p | 2N2217 15p
150 | BD138 20p | 2N2218 10p § TTL“N"
10p | BF167 120 | 2n2222 10p
120 | BF173 12p | 2N2906 10p | 7401 8p
15p BF178 30p 2N29Q7 10p 7403 8p
aop | BF180 170 | 2N2926G 8p | 7405 8p
200 | BF181 sp | 2n3703 sp | 7408 10p
20p | BF184 170 | 2N3706 sp | 7409 7p
10p | BF18s 12p | 2n3707 sp | 7410 8p
100 | BF19s 7o | 2n3708 sp | 7412 8p
ep | BF19g sp | 2n37oe sp | 7416 10p
10p | BF197 8p | 2n3710 55 | 7420 8p
20p | BF198 8p | 2N3s23 35p | 7421 150
sp | BF200 150 | 2N3903 8p | 742 15p
sp | BF257 11p | 2N4059 ap | 7425 15p
70 | eF2s8 170 | 2N4060 ap | 7426 15p
7p | BFR40 15p | 2N4061 ap | 7427 12p
6p | BFABO 10p | 2NS458 25p | 7428 12p
6p | BFx29 25p | 2N6027 11p | 7433 15p
ap | eFxse 15p 7437 10p
top | BFX8? 150 | cmos 7438 8p
15p | BU205 180p 7440 8p
12p | euzo8 115p | ao0eB 30p | 7441 45p
5p | MPF104 20p | 4007 8p | 7443 30p
6p | TiPzoB 20p | 4008 25p | 744a 50p
6p | TiP30 18p | 4009 15p | 74as 35p
6p | TiP3oB 200 | 4010 20p | 7446 57p
sp | TIPasA 33p | 4012 8p | 7447a 28p
TIP36A 1270 | 40158 30p | 7448 20p
20p | TIP29ss a0p | 40208 35p | 7450 8p
15p [ zvxto8 6p | 4021 30p | 7457 5p
70 | ZTxaon 6p | 4022 25p | 7453 5p
70 { ZTX500 6p | 4028 30p | 7454 8p
10p | 27501 6p | 4030 o | 7470 20p
30p | 2N697 150 | 4042 aop | 7472 20p
300 | 2n698 14p | 4043 3sp | 7473 12p
12p | 2N706 7p | 4044 28p | 747a 14p
10p 2Ng14 10p 4049 18p 7475 16p
150 § 2N1131 6p | 4os08 20p | 7480 22p

DELTA TECH & CO.

62 Naylor Road, London N20 OHN
Telephone: 01-445-8224

Mail Order Only. Prices include VAT.
Add 50p postage.Minimum
ACCESS Order £7 please.

74190

74181 35p LM382N 70p

74192 32p MC1310N 85p

74194 40p MC 14850 350p

74195 40p MLB22 £3

74197 30p NE586 €1

74198 60p SN76115AN S0p

74199 40p | TBAB4TBXY 150p
TBAB51 1000

TTLLS TBAB0O 0p
TOA1008 250p

Lso1 8p

1803 8p LEDS 3mm

(S04 8p

LS10 op | yellow Ip

LS12 9p rad 7p

LS13 16p

LS14 18p VOLTAGE

LS32 10p REGULATORS

Ls42 22p

1848 30p 500MA

LSs73 15p 79M12 15p

LS75 15p 79M24 415p

Ls76 15p

LS78 13p 1 Amp:

LS86 15p 7812 40p

LS95 35p 7815 40p

LS122 22p 7818 40p

L5163 D 7905 40p

LS221 40p 7912 40p

LS251 28p 7915 40p

LS253 26p 7818 A5p

LS279 26p 7924 40p

LINEAR BRIDGE
RECTIFIERS

709-8 16p

710-14 15p 1A7200V 16p

747-14 30p 147400V 17p

748-8 25p 1A/600V 17p

AY-3-1270 £5

CA3018H 50p DiL

CA3019 60p SOCKETS

CAJ02B8AH 50p

CA3048 £2 18 pin i0p

€A3054 40p 24 pin 14p

CA3080AQ  70p 40 pin 18p

CA3160E 80p

LF3a56N 60p DIODES

LM301AN-14 18p

LM308N-8 35p 0A200 4p

LM318H 80p 1N4t4a8 4p

LM318N £1 1N4005 4p

LM38tN 80p

| POWER SUPPLY PCB (5" x 5"): Ready drilled to

build stabilised and reguiated 1AS 5V/12V PSU. Full
conslruction delails and data supplied ... One for 70p.
. Five tor £3

MAINS TRANSFORMER: 2A-9V compacl and
robust. made by Air Link . . One tor 290p . . Five
fore12

ZENER DIODES (400 mW): 3V3 3V9 4V3 5V6 8V2
VS 9VI 12viiev22very . ... .. 4p

POTENTIOMETERS (Rotary): LOG 470K. LIN 2K.

LOG with DPST switch 4K7 100K 220K. . ..... 15p
SURPLUS: LOG 1M. LOG with DPST switch
2KS .. . ... el - e XXX ol oo e 10p

PRESETS (STD): 100R-H 220-H&V 1K-H 1KS-H
2K2-H 4K7-H&V 100K-H 250K-H&V 470K-H 1M-H
2M-H . | o A TS T el .3p
RESISTORS (5% &7aW): OHMS 1012 151822 24
27 333947 56 68 75 82 150 180 220 330 390 470
560 750 KOHMS: 1K2 tK5 1K8 2K2 2K7 3K9 5K&
6KB8K2 12151822 27 33 39 56 68 82 91 150 180
270 330 390 470 580 680 820 MOHMS: 1M 1M2
1MS 1M8 2M2 2M7 3M3 3M9 4M7 5M1 5M6 BM8
8M2 10M. .. . .. Ten of one value 5p

CERAMIC CAPS (50V): pF 2233 39 47 68 75 82 91
100 120 150 180 220 330 560 680 820. nF: 1n 1nS
2n 2n7 3n2 3n3 3n9 100 20n 22n 33n 50nF.... 1p:

POLYSTYRENE CAPS (30V): pF 18 27 33 56 68 82
90 120 147 270 500 510 560 880 820
1800pF. ... . o e 2p

POLYESTER CAPS (100V): nF 1n2n2 3n3 4n7 6n8
10 15 22 33 47 68 150 470 1000 1500nF ... .. 5p

ELECTROLYTIC CAPS (uF/V): 5/25 12/25 33/40
66/50 47/16 160/25 200/12 640/16............ 3p
1u5/63 2u2/63 4u7/25 10/25 47/25640/186. .
47/63 100/25 150/25 220/25 500/30
470/25 1000/10 2200/6
1500/40 2000/18.. ..
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CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

, GSC
| |} SUPERKIT
T | £1990
| Learn the wonders of
1 Seii-Imstraction digital electronics!
Pigital Bactresic It ) _ -
Traln for success in Electromcs ﬂ — | i prestel U el
e eginners comes complete
Engineering, T.V. Servicing, f ——— with  an  instruction
H H : - manual, components, and
EleCtncal Engl_nee"ng_or runnlng EXP300 breadboard to teach you all the basics of
your own bu5|neSS! digital electronics. The course needs no soldering ‘
; : i iron; the only extra you need to buy is a 43V L
) ) i . battery. i
ICS have _helped thousa_nds of ambltlou_s peqple to Using the same board you can construct literally
move up into higher paid, more secure jobs in the millions of different circuits.
fields of electronics, T.V., electrical engineering—now The course teaches boolean logic, gating, R-S and
it can be your turn. Whether you are a newcomer to J-K flipflops, shift registers, ripple counters, and
the field or already working in these industries, ICS Walaictiens,
can provide you with the specialised training so It is supported by our theory courses
essential o success. DIGITAL COMPUTER LOGIC
Personal Tuition and 80 Years of Success £7 00
- The expert and personal gmdance by fu“y quahﬂed. i whith, covers: basic computer logic; logical circuit
tutors, backed by the long ICS record of success, is elements; the design of circuits to carry out
the key to our outstanding performance in the 1 logical functions; flipflops and registers; and
technical field. You study at the time and pace that
suits you best and in your own home. ' DlGlTAL COMPUTER
You study the subjects you enjoy, receive a formal DES[GN £9.50 I
Dlploma' and you re ready for that better IOb better Our latest, most up-to-date course on the design of }
pay. digital computers, both from their individual logic
elements and from integrated circuits. You are

first shown the way in which simple logic circuits

Cambridge Learning Limited, Unitlh Rivermill Site., FREEPOST,
St Ives, Huntingdon, Cambs, PE17 4BR, England. {Registered
in England No 1328762).

ICS

Dept R265

160 Stewarts Road, @ 01-622 9311
London SW8 4UJ ——  lall hours}
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TICK, THE FREE BOOKLET YOU operate and then, through a series of exercises,
WANT AND POST TODAY arrive at a design for a working machine.
D S - . - o .
r & AUDIO 1 Other courses available include:
T.V.
' EhEG(iL'EgallﬁGs SERVICING l MICROPROCESSORS & MICROELECTRONICS @ £6.50
I G c . l COMPUTER PROGRAMMING IN BASIC @ £11.50
A Diploma Course, recognised iploma Course, training : GUARANTEE No risk t - ]
. g L . ! . t letely |
l by the Institute of Engineers | you in all aspects of |_n_staII|ngr I satisfied, your rmoneyo w}ilﬁu be reyful:\dzée ur;)%n Cfe":ﬂfn eo};
| & Technicians as meeting all | maintaining and repairing V. § WL I i e L i e e e
l academic standards for and Audio equipment, l ‘
application as an Associate. domestic and industrial. i CAMBRIDGE LEARNING LIMITED, UNITI5 RIVERMILL SITE,
l FREEPOST, ST IVES, CAMBS, PE17 4BR, ENGLAND.
l l TELEPHONE: ST IVES (0480) 67446. VAT No 313026022
l l All prices include worldwide postage (airmail is extra -
b l please ask for prepayment invoice). Giro A/c No 2789159. |
' ] ) l Please allow 28 days for delivery in UK.
| ELECTRICAL BUNNING e | LS DIGITAL COMPUTER DESIGN(S) @ £9.50 i
| ENGINEERING ?WN BUSINESS = D DIGITAL COMPUTER LOGIC @ £7.00 |
A further Diploma Course running your own 4 .
= recognised by the Institute of | electronics, T.V. servicing or i | e T j‘hequﬁ/ffelif‘g"‘fﬁ;é"aii’?ﬁ?ﬁg:) SR i
Engineers & Technicians, also electncal business appeals, L l ol n .
l covering business aspects of thgn this D_|ploma ACourse_ | ease charge my: l
l electrical contracting. trains you in the vital business l l *Access / American Express / Barclaycard / Diners Club
knowledge and techniques l Eurocard / Visa / Mastercharge / Trustcard u
= you'll need. l l Expiry Date............ Credit Card No .......... B 0000000 . I
l l l S1gNAtULe. v vvrerrrnnreanns R LT S D DD o0 00000000000 o l
l I l Telephone orders from card holders accepted on 0480 67446 I
l ' n Overseas customers (including Eire) should send a bank draft
3 . in sterling drawn on a London bank, or quote credit card I
l Name RN PN EUP l | number. |
I Add l NAME. oo oivs idimaie sonsroaiioitonstarsannss Neaee e v - '
TESS .« oo ttee et im e P
= l L -3 . I
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__________READER’S SERVICES

PLEASEINCLUDEPOSTALCODEASAPPROPR/ATE Note that binders cost the same for UK and overseas; |

Date of order............... P P ST SV i |
THIS COUPON IS VALID UNTIL 31st MARCH 1984 LTHIS COUPON IS VALID UNTIL 31st MARCH 1984 |

B overseas orders will be send by surface mail.

g Subscription Order Form I Binder Order Form
1 To: ETI Subscriptions Department, 513 London Road, I |
Thornton Heath, Surrey, CR4 6AR, England. g To:ETI Binders, 513 London Road, Thornton Heath, Sur- 1
| Please commence my subscription to Electronics Today ¥ rey CR4 6A n
; Yy R, England. I
i International. | enclose a cheque*/Postal Order*/Interna-
1 tional Money Order* for the appropriate fee*, made out to J PleaSessend Mooy, sma:  mmegsse g mm binder(s) for ETI. i
ASP Ltd. . R . 1 | enclose a cheque*/Postal Order*/International Money |
| Please deblt my Access /Barclaycard* account number Order* to the value of £4.25 per binder required, made §
g L[] 1 [0 O [ ] I out to ASP Ltd (* please delete as appropriate). l
1 @
Ignature ............................ T Tot | | d IE '
I (* delete as appropriate) otal money enclosed £..........ccoceeinviiiivnniiis T o
] Please indicate subscription required and fee i Zig‘csﬁ CCA%’)’}ZI-L@TE YOUR NAME AND ADDRESS IN "
enclosed
: UK & Rep of Ireland: UK £13.75 [ ] I Name.... ‘ 1
i Overseas surface mail: £17.55 ] 1 ’ o B |
N Overseas air mail: £36.95 {j i AdAress ..........csimmw z S |
Until further notice, each subscription includes a 1 |
I free binder (normal price £4.25) v i S i
| PLEASE COMPLETE YOUR NAME AND ADDRESS [ ) ) -
[ IN BLOCK CAPITALS |
1 N T )58 i T ST S e T T | S €87 £ £ 4 e i :
J Address. s e e g SRS : PLEASE INCLUDE POSTAL CODE AS APPROPRIATE H
: """"""""""""""""" prmmmm j Date Of OFAI.cv oo e S — |
1
|
b

L | _ N ]
Backnumber Order Form 1 Photocopy Order Form \
i To: ETI Backnumbers Department, 513 London Road, | To: ETI Photocopies Department, 1 Golden Square, I
Thornton Heath, Surrey CR4 6AR, England. London W1R 3AB, England.

I Please supply me with the following backnumber(s) of ETI : Please supply me with the following photocopies:

i MONEH e oo YEAT it i I Month.....co....YEAr comummus i - Article . ..o
I Month ..o e, BT v commrmecemmiz s = SSTPORESRO .  -  J \| N———
| ‘

i MONHh v YEAT i I Month oo Year .ooromree Aticle e,

1 ! enclose cheque*/Postal Order*/International Money i Page No
. ernational Money B oeePage No.o.
i oOur?ﬁ; /A\tgptdeV?lUse?égézoaperr(;n?gié')”e ordered, made J | enclose cheque*/Postal Order*/International Money
pprop : | Order to the value of £1.50 per photocopy ordered, made

[} j i

| . :
J Total money enclosed £......ccoceinn ISR PUSUSORUOPUOUPPRT | outto-asPiid (% delsterasvappropriate).
| gﬁ‘g‘csﬁ CCA(%'/V}ZLL‘?TE YOUR NAME AND ADDRESS IN J Toal money enclosed L.
] PLEASE COMPLETE YOUR NAME AND ADDRESS IN

: —_ § BLOCK CAPITALS
B Address oo v g . - I Name...ooomvrr -
i : AGATOSS, st smne 6 £ oot oot sess et e s
I e & W v v\ e T Bide o vhe v wa v o SRR O .
l i e . l e =
| I ) et .
l, iy o omie o s o rarmsd o s enaa s e u e s b ee s ud e i § EETRRSRTY g 1 o s DNTES SIS SO 4 e e n s o I I
| PLEASE INCLUDE POSTAL CODE AS APPROPRIATE | PLEASE INCLUDEPOSTALCODEASAPPROPRIAT — I
B Date of Order. ..o I Date Of OrAer.. oo, i
J Note that the cost is the same for orders from overseas as B Note that the cost is the same for overseas orders as for UK o
1 for UK orders; overseas orders will be sent by surface mail. J orders; overseas orders will be sent by surface mail. '

PLEASE CHECK THAT THE BACKNUMBER YOU RE- i PLEASE REMEMBER TO INCLUDE MONTH AND YEAR |
| QUIRE IS AVAILABLE BEFORE ORDERING. WHEN ORDERING, B

§ THIS COUPON IS VALID UNTIL 31st MARCH 1984 I THIS COUPON IS VALID UNTIL 31st MARCH 1984
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YOUR CAREER ..YOUR FUTURE..YOUR OWN BUSINESS..YOUR HOBBY

THIS IS THE AGE —OF ELECTRONICS!
the world's fasfest growth industry.

There is a world wive demand for designers/engineers and for men to service and maintain all the electroric equinment
on the market today - :ndustrial — commercial and domestic. No unemployment in this walk of life!

Also -- the most exciting of all hobbies — ecpecially if you know the basic essentials of the subject. . . .
A few hours a week for less than a year — and the knowledge will be yours. . . .
We have had over 40 years of experience in training men and women successfully in this subject.

You will do the following:

® Build a modern oscilloscope

® Recognise and handle current electronic
components

@® Read, draw and understand circuit diagrams

Our new style course wili enable
anyone to have a real understanding
of electronics by a modern 1 acticai
and visual method. No previous
knowledge 1s required, no maths, and
an absolute minumum of theory.

You learn by the practical way in
easy steps, master:ng al! the essentials
of your hobby or to ¢tart ~r further, a

@ Carry out 40 experiments on basic
electronic circuits used in modern
equipment using the oscilloscope

career in elect ¢
employed serv g engimee”

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 at any
time, for advice or nelp during your
work. A Certificate ic g'ven at the end
of every course

@ 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, VCR and microprocessor/computer

CACC  British National Radio& El School Reading,Berks RG1 1BR

I am interested in.

l Please send your brochure without any obligation to
[ ] cOURSE IN ELECTRONICS

o
COLOUR BROCHURE

' NAME . as described above '
i e - [_] RADIO AMATEUR LICENCE "

ADDRESS MICROPROCESSORS d
| : OTHER SUBJECTS i
I please state below l
i OR TELEPHONE US i

) 0734 51515 CR o $ON T8 AGEREOATROR

1 ) BLOCK CAPS PLEASE gl I
1 costnowTo ETI/2/841 124 HR SERVICE) |

| British National Radio4: Electronics School Reading Berks RGLIER, |
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The best way to get a really professional finish to your project is to use a professionally made PCB —
look no further, here they are!
In order to ensure that you get the correct board, you must quote the reference number when
ordering — if you don’t, you may get sent the wrong board. The code can also be used to identify the
year and month that a particular project was outlined in: the first two numbers are the year, the third is
the month and the number after the hyphen indicates the particular project.

Note that these are all the boards that are available — if it isn’t listed, we don’t have it.

Our terms are strictly cash with order — we do not accept official orders. However, we can provide
a pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until we receive payment.

1979

O
m]
O

E/794-1 Guitar Effects Unit........
E/794-2 Click Eliminator :
E/796-1 Accented Beat Metronome 4.14

1980

m]
O
O
O
O
1981
a
a
a
jui
O
[m]
m]
[m]
[mE
O
[m]
O
[m]
[m]
]
O
u)
[m]
[m]
]
ad

0O O00ocooog

How to order: indicate the boards required by
ticking the boxes and send this page, together

E/808-3 Ultrasound Burglar Alarm 3.30
E/8010-1 Cassette Interface

E/8010-2 Fuzz/Sustain Box

E/8011-5 RIAA Preamp

E/8012-3 Four Input Mixer

E/811-1 LED Tacho .......... i
E/811-2 Multi-Option Siren
£/812-2 IR Alarm (4 boards)
E/812-5 Pulse Generator .
£/814-2 Drum Machine (2 boards) 6.44
£/814-4 Guitar Note Expander
E/816-8 Waa-Phase
E/816-9 Alien Attack
E/817-1 System A-Input
(MMorMO).......ooeeevieenne 3.05
E/817-2 System A — Preamp....... 5.95
E/817-3 Smart Battery Charger.. ... 227
£/818-3 Hand Clap Synth.......... 4.57
£/818-5 Watchdog Home
Security (2 boards) ..... crmgs i3 6,11
£/819-1 Mains Audio Link
(3boards) ................ M oo00 8.45
E/819-4 Laboratory PSU
£/8110-1 Enlarger Timer. .......... 3.91
E/8110-2 Sound Bender........... 3.05
E/8111-1 Voice Over Unit
E/8111-2 Car Alarm
E/8111-3 Phone Bell Shifter.
£/8112-4 Component Tester

i

£/821-3 Guitar Tuner (2 boards) ...
£/822-1 Ripple Monitor
£/822-2 Allez Cat Pest Repeller . ... 1.93
E/822-5 Moving Magnet Stage
E/822-6 Moving Coil Stage ........ 4.01
E/823-4 Capacitance Meter

(2 boards)
E/824-5 Voltage Monitor

0 OoO0ooooOoo onooooood

0 DOooOoDoOooDOooDOD0O0 Oo0oOood oo

E/825-1 DV Meg
E/826-1 lon Generator

(3 boards)
E/826-4 MOSFET Amp Module
E/826-5 Logic Lock
E/826-6 Digital PWM
E/826-7 Optical Sensor
E/826-9 Oscilloscope

(4 boards)
E/827-7 TV Bargraph Main
E/827-3 TV Bargraph Channel
E/827-4 Hotwire
E/827-5 Bridging Adapter
E/828-1 Playmate (3 boards)
E/828-4 Kitchen S-ales
E,828-5 Sound Track
£/829-1 Auto Volume Control
E/829-2 Dual Logic Probe
£/8211-4 Pulse Generator
£E/8212-1 ELCB
£/8212-2 Servo Interface

(2 boards)
E/8212-4 Spectracolumn........ +.5.54

1983

E/831-1 Fuel Gauge
E/831-2 ZX ADC
E/831-3 Programmable PSU
E/833-1 SoundBoard
E/833-2 Alarm Module............. 3.62
E/833-3 ZX81 User Graphics ...... 1.07
E/833-4 Logic Probe
E/834-1 Real Time Clock
E/834-2 Thermemeter
(2 boards) o
E/834-4 Stage Lighting — Main ... 13.73
E/834-5 Stage Lighting — Display 3.45
E/835-1 Compressor/Limiter ...... 6.19
£/835-2 Single PSU............... 3.16
E/835-3 DualPSU ................ 4.01
E/835-4.2 NDFL Amp
E/835-5 Balance Input Preamp
E/835-6 Stage Lighting
Autofade.................. e 6,19
E/835-7 Stage Lighting —
TriacBoard. ................ 0]

with your payment, to: ETI PCB Service, Argus

Specialist Publications Ltd, 145 Charing Cross

Name

Road, London WC2H OEE. Make cheques
payable to ETI PCB Service. Payment in sterling

only please. Prices subject to change without

notice.

Total for boards

Add

45p p&p

Total enclosed
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PLEASE ALLOW,

OO0O000oOopdoO0ooo0000oDD OoOoooodo o

£/836-1 to 3 PseudoROM

(3boards) ..............c.. oo
E/836/4 Immersible Heater
E/836-5 Atom Keypad
E/837-1 Flash Sequencer
E/837-2 Trigger Unit Main Board. ..2
E/837-3 Trigger Unit Transmitter. .. 1.66
E/837-4 Switched Mode PSU
£/838-1 Graphic Equalisr..........
£/838-2 Servo Fail-Safe

(four-off). .........coooiieiann, 2.93
£/838-3 Universal EPROM prog....9.64
E/839-1 NiCad Charger/Regen. . ... 3.77
£/839-2 Digger
E/839-3 64K DRAM
E/8310-1 Supply Protector
£/8310-2 Car Alarm
£/8310-3 Typewriter Interface ..... 4.17
£/8311-1 Mini Drum Synth ........ 3.07
E/8311-2 Alarm Extender
E/8311-3 Multiswitch
E/8311-4 Multiple Port
E/8311-5 DAC/ADC Filter ......... 3.22
E/8311-6 LightPen ............... 4.60
E/8311-7 LogicClip............... 2.51
E/8311-8 MC Head (JLLH)......... 3.17
£/8312-1 Lightsaver
E/8312-2 A-to-D Board
E/8312-3 Light Chaser (2 bds)
E/8312-4 ZX Alarm

1984

o
a

E/841-1 Vector Graphics .......... 8.27
E842-1 Speech Board
(Mini-Mynah) .......... vessas. 10,97

MODULAR PREAMP:

£842-2 Disc input (mono)
E842-3 Output stage (stereo) ...... 3.73
E842-4 Relay/PSU ................ 3.73
E842-5 Tone, main (mono) ........ 3.73
E842-6 Tone, filter (stereo) ........ 3.73
E842-7 Balanced output
(stereo)............... wevvemnss 3.73
£842-8 Headphone amp
(Steren)......covveuerreerenne,.. 3.73
£842-9 Mother board

SiBNed ..ot e
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Enquiries

We receive a very large number of enquiries.
Would prospective enquirers please note the
following points:

® We undertake to do our best to answer en-
quiries relating to difficulties with ET! projects,
in particular non-working projects, difficulties
in obtaining components, and errors that you
think we may have made. We do not have the
resources to adapt or design projects for
readers (other than for publication), nor can
we predict the outcome if our projects are used
beyond their specifications;

® Where a project has apparently been con-
structed correctly but does not work, we will
need a description of its behaviour and some
sensible test readings and drawings of
oscillograms if appropriate. With a bit of luck,
by taking these measurements you'll discover
what’s wrong yourself. Please do not send us
any hardware (except as a gift!);

® Other than through our letters page,
Read/Write, we will not reply to enquiries
relating to other types of article in ETI. We may
make some oxceptions where the enquiry is
very straightforward or where it is important to
electronics as a whole;

® We will not reply to queries that are not ac-
companied by an SAE (or international reply
coupon). We are not able to answer enquiries
over the telephone. We try to answer prompt-
ly, but we receive so many enquiries that this
cannot be guaranteed.

@ Be brief and to the point in your enquiries.
Much as we enjoy reading your opinions on
world affairs, the state of the electronics in-
dustry, and so on, it doesn't help our already
overloaded enquiries service to have to plough
through several pages to find exactly what in-
formation you want.

Subscriptions

T|"1<e prices of ETI subscriptions are as follows:
UK: 5

£17.55 Surface Mail
£36.95 Air Mail
Send your order and maoney to: ETI Subscrip-
tions Department, 513 London Road, Thornton
Heath, Surrey CR4 6AR (cheques should be
made payable to ASP Ltd). Note that we run
special offers on subscriptions from time to
time (though usually only for UK subscriptions,
sorry).

ETI should be available through newsagents,
and if readers have difficulty m obtaining
issues, we'd like to hear about it,

Overseas:

Backnumbers

Below we list the backnumbers that are
available from our backnumbers department.
Please note that this list will be out of date if
you use an old copy of the magazine.
Backnumibers cost £1.50 (UK or overseas by
surface mail) and are available from: ETI
Backnumbers Department, 513 London Road,
Thornton Heath, Surrey CR4 6AR (cheques
should be made payable to ASP Ltd).

Even if the copy of ETI you need is not listed,
all may not be lost, because we run a photoco-
pying service. For £1.50 (UK and overseas) we
will photocopy an entire article {note that parts
of a series of articles count as separate articles).
Your request should clearly state what article
you require and the month and year in which it
appeared (the index for 1980 and 1981 was
published in January 1982, and the index for

76

1982 appeared in December 1982, and the
index for 1983 in January 1984). Send your
request to ETI Photocopies, Argus Specialist
Publications Ltd, 1 Golden Square, London
W1R 3AB (cheques should be made out to

ASP Ltd).

June 77 April 81
February 78 May 81
July 78 June 81
September 78 September 81
October 78 October 81
November 78 November 81
December 78 December 81
March 79 January 82
April 79 February 82
May 79 March 82
June 79 May 82
August 79 June 82
September 79 July 82
November 79 August 82
April 80 September 82
ay 80 October 82
July 80 November 82
August 80 December 82
September 80 March 83
October 80 April 83
November 80 May 83
December 80 June 83
January 81 July 83
February 81 August 83
March 81 September 83

Write For ETI

‘We are always looking for new contributors to
the magazine, and we pay a competitive page
rate. |f you have built a project or you would
like to write a feature on a topic that would in-
terest ETI readers, let us have a description of
your proposal, and we’'ll get back to you to say
whether or not we're interested and give you
all the boring details. (Don't forget to give us
your telehone number).

We don’t bother with the bureaucracy for
Tech Tips — all you do is to send 1n your idea,
stating clearly if you want an acknowledge-
ment of receipt. If possible, please type your
explanation of why the circuit is different, what
it does and how it works, on a separate sheet
from the circuit diagram; both sheets should
carry your name, address and the circuit title.
we'll let you know (within a month or so) if we
want to use your Tech Tip.

Trouble With Advertisers

So far as we know, all our advertisers work
hard to provide a good service to our readers.
However, problems can occur, and in this
event you should:.

1. Write to the suppler, stating your com-
plaint and asking for a reply. Quote any
reference number you may have (in the case of
unsatisfactory or incomplete fulfilment of an
order) and give full details of the order you sent
and when you sent it.

2. Keep a copy of all correspondence.

3. Check your bank statement to see if the
chegue you sent has been cashed.

4. If you don’t receive a satisfactory reply from
the supplier within, say, two weeks, write
again, sending your letter recorded delivery, or
telephone, and ask what they are doing about
your complaint,

If you exhaust the above procedure and still do
not obtain a satisfactory response from the sup-
plier, then please drop us a line We are not
able to help directly, because basically the
dispute is between you and the supplier, but a

letter from us can sometimes help to get the
matter sorted out. But please, don’t write to us
until you have taken all reasonable steps
yourself to sort out the problem.

We are a3 member of the mail order protec-
tion scheme, and this means that, subject to
certain conditions, if a supplier goes bankrupt
or into liquidation between cashing your che-
que and supplying the goods for which you
have paid, then it may be possible for you to
obtain compensation. From time to time, we
publish details of the scheme near our
classified ads, and you should look there for
further details.

OOPS!

We have in the past published small correc-
tions to projects on the letters page, and major
corrections separately. From now on correc-
tions will appear on this page, and will be
repeated for several months (just to increase
our embarrassment). If a correction is too large
to fit on here, we will publish it just once, but
will note the fact that a correction does exist,
and that copies of it can be obtained from us
provided you send in an SAE. But please — re-
quest copies only if you really do need them; if
this service is abused, we may be forced to
withdraw it.

Telescope (August 1983)

We had a shower of annotation falling off our
diagrams! On Fig. 1, C19 (below IC14) was not
labelled nor was Q2 (above R11), and there
were two C23s — one should be [C22 and it
doesn’t matter which. In Fig. 5, IC12 was not.
labelled. Unfortunately, there was a
mistake in the correction (blush!): C14 is the
22y tant on the -5V line.

Graphic Equaliser (August 1983)

D2 and D3 are shown the wrong way round
in the power supply circuit diagram on page
20.

Universal EPROM Programmer (August
1983)

Corrections to this project are listed in the
article “Universal EPROM Programmer
Revisited” which appeared in the jJanuary
‘84 issue.

780 Controller Computer (August 1983)

On the overlay, SW1 is the rectangle beside
ICs 5 and 6, C6 should be shown bhetween
ICs 3 and 7, and a link through has been
missed - to the rizht of vin 18. 1C11.
,I‘ypew(;iter Intell'face (October 1983)

n update article on this project will appear
in the March '84 issue. 'y .-
Car Alarm (October 1983)

In the semiconductors section of the parts

list, Q1, 2, 5, and 7 should be BC212L, Q3
should be BC182L, and 34, 6 should be
TIP31 or BD131. There was also another
(inconsequential) silly but we bet you've
already spotted that one!

Tech Tips (October 1983)

Ramped Pulse Generator For Stepper Motors
—. pin 1 of 1C2 should be grounded, the
Ramp Up and Ramp Down inputs accept
negative, not positive, going pulses, and 1C7
should be a 4011 rather than a 4001.
Active Loudspeaker (November 1983)
Gremlins attacked the parts list on page 72
leaving a trail of 00’s in their wake. The
ceramic tiles should be 150 mm (6”) square
and you need six of them. The BAF wagding
needs to be about as wide as the enclosure’s
internal height, i.e., about 21”, and long
enough to loosely fill the space when rolled
up with a bit left over to cover the back of
the bass unit. The thinner the wadding you
use, the greater the length you will require.
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Standard
features -

@ High speed 24K byte extended basic interpreter
® Powerful TMS9995 16 bit microcprocessor
©® 48 bit floating point gives 11 digit accuracy
@ High resolution (256 x 192) colour graphics

® Screen memory does not use up user memory
space

@ 16 colours available on‘the screen together in
graphic mode

® Fastline drawing and point plotting basic
commands

@ High speed colour shape manipulation from
basic

@ Full textual error messages
@ String and Array size limited onlyby memorysize
® Real time clock included in basic

©® Interval timing with 10m$ resolutlon viaTIC
function

® Named load and save of basic or machine code
programs

@ Auto-run available for any program
® Powerful machine code monitor

® Assembler and Disassembler included as
standard

® Auto line numbering facility
® Full renumber command
® Simple but powerful line editor

® Flexible CALL statement allows Ilnkage to
machine code routines with up to 12 parameters

@ Basic programs may contain spaces between
key words to make programs readable without
using more memory

® Over 34K bytes available for basic programs
® Extended basic includes IF-THEN-ELSE
@ Interfaces for screen and cassette included.

® Supports bit manipulation of variables from
basic

® Error trapping to a basic routine included
® Basic supports Hexadecimal numbers
® Separate 16K video RAM for graphics

ETI FEBRUARY 1984

colour computer

With this powerful machine (featured in Electronics Today
International as a constructional project) you have access to
highly advanced systems and software developed specially by
MPE Ltd for the CORTEX. For business, education, R & D-or
simply increasing your knowledge and'understanding of

computers — it beats comparably priced off-the-shelf machines
hands down!

: U : INT . POS ==
STATEMENTS. PRINT  TIME RENUM MAG MWD O
B »  SAVE  GRAPH TON COMMANDS & . el
ELSE i MOD >
ON d LOAD  TEXT = DM COMMANDS # ryncTios 308 Mos >Z
GOTO 1UNIT 'MOTOR PLOT' _ LET gz © FNAFNZ  Jc Ky <
GOSUB BAUD ESCAPE UNPLOT DEF &ONT 5 ABS SGN OPERATORS <=
POP CALL  NOESC COLOUR NEW moN % ADR BT on
REM DATA  RANDOM CHAR  END perisrpne ' ASC CRB R N
FOR READ ENTER SPRITE BIT ATN crE OB +
NEXT RESTOR LIST SHAPE CRB TO SIN MEM F Do /
ERROR RETURN PURGE SPUT  CRF [AB y COS MWD NOT .
INPUT STOP  NUMBER SGET  MEM STEP EXP LEN DNOT A

THEN FRA MCH
LXOR

Self assembly kit

£295

All prices exclusive of
VAT. Carriage paid.

Optional Extras

Floppy disc interface electronics £86.50
Hardware kit & connectors for disc drives £49_50

RS232C interface kit £9, j : ]
Pair of 5V4” disc drives Ssg £300.g Full assembly instructions
Pair of 5%4" disc drives (DS £590.00 and 216 page users manual.

POWERTRAN cyvernetics it

Portway Industrial Estate, Andover SP10 3ET. Tel: 0264 64455

to POWERTRAN CYBERNETICS LTD, Portway Industrial Estate,
Andover, Hants SP10 3ET.

Please send me _

| enclose cheque for

b LI T T T T T TV T T T T T IT 11
C No. . Allow 21 days for delivery
Name
Address

Tel.

|
or charge-to: i
i
|
i
|
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1.5/ (d P 0| - y ndge:
s IR slEG. s dus gt 25 |l By ot s 8 e . 0
A 7 H =1In
S | e Eeh adnie 2 | oot oo ot 2 THE MORE YOO e LESS YOU PAY
27 | ZR200 17p 259 12p p|SE3a 6 10 il catalogues to ra TH,
47/100v f7ie2 BC1 106 |ED43 3684 89D [2N390 o8 urrent retail ca nse and orde
44 134 41pjsu2 947  £1. ¢! raat_sur|
POLYESTER | avaore e B8 10 807 g4p|TiF2 350 BraneT  =uop So help yourself :"t"&“‘o DNLY at BI-PAK. 1
Axiacio  Imaro 1gp| B 2z ecer oMliz0, 280 aeize 1o Box today for just £A.60 DNLY at and order . MICONDUCTORS FROM
sp 20 BOYSS ; c 332 You can ¢ Access Card - E
20100 || e1.08] 5614 3nleries  “'sap|mies 28p [2Na347  ©1.34 Barcleycard or Ac V.P. 85. S ORLD
33100 | INg37R 7 14 23p p|TIP324 N4I58 - Sep with your W. Order No. W
Simsto s | srioiNos =l p 8194 1ao|Tee  SbfeName e Answerphone Service NO AROUND THE
039/400 .88/250 IN ’mmgmstz.oo BC1a P |or 198 12p|TIP3 2NagT 1 eep . f
0477250 1007250 | N 908 21.00 [ 5514 (R 14p|TIP34A e1.57 [BNesas 38p 100 A collection of
410 T 1sndo INS395RP 8] B3 4 [ < ;57 2nsa0s 14 TRIACS PLASTIC 5 Transistors, Diodes,
-22/4 IN3880 2 1 28p [BF1 33p|TIPa1A 32p 22 36p TAG 136 ifiers &
FOLYSTYRENE | iNaco1 inacoe §E '%}?ZA 0 (Brazd 1 :”:: A 33N %; s7e 1 oFFP 400v10 oyan SLOFF 100 OFF gﬁ.ﬂz SCR's, Triacs, IC’s
AXIAL 214 IN4t51 BC1 BF258 (4 38p [2NS44 : hich are
100 INa148- P P47 N5449 o5 f whic
‘8 = 2,(2:;3/5‘2 IN4448 1"’: gcc:?rg 0 BFZ;E g‘: 1P110 %g Neass aap °XMP 400\/ T0220 TAG 425 £50.00 & Opto’s all, Ud useable
10p! IN4351 764 21p | BS173 15p (BF274 28p{TIP112 28p [3Nsas9  38p 8 575 £2750 @ current every-day
T I e St ] AT i . NTER devices
T R e 3234 Nsar7 sto &cis Y- alp|iipize 38 jaNoese 2188 MINIATURE FM m{\NsM R Guaranteed Value Over £10
2235  8p 401-IN5404 ac1a BF479 a NGIDT 48 Hz Range: | mile | Price.
90 £8/100] INS401- 7 18 (4 21p (TP NE107 4 95-106M | Retal
o) A N 405IN5408), 1 78 oc18 b |BFR3 e 0142 gTzRNeror  asp g'ﬂe: 45 x 20mm Add: 9v batt £550 Norma in avery pack.
22/20 13p €11/100] IN 8 BC1a (R [:sbs o[Tipsats 1330 fenese %8 t ficenced in UK. i k Data etc,
Toss 196 e1ancel i1, Bipjociaa  ep Brngi  315|meages 4 VIV 4 e Ve FBI-CIA-KGB ol 1ON Order No. VP56
i Ehnen i BER T B 2 | W PROGRAMMABLE UNLIUNCT Opr Price £4.00
1
228 42p £38/100) l‘s.g‘:’&w €1.03] ge54 P g::gs 24p “Sg? :: 38405 444 RANSISTOR . IN6O27/ v
47/16  $2p €48/100) =1 BC213L P |orreo B SRR T 106 plastic MEU22 Similer to a
= 82101400 aenlloczran P EH{ I ab 3351178 £134 PUT Cﬂsg,,l"s,..cg,.
DIoDES asp|&v2 178 | 8c33 % lhas bl HEEIE R T - 10 e
A1148 395 |Bvinee dppacaara  7p [BFXIS 23p[21x300 o [asCizze | a3p Price 18p 150 13p
s 320 |Bveasiacon  aup BC3%ee 30 [BEves 295 [Eness R 3 Each nzgii,l Price £0.35 each
BATS8 23 | Bxvascao 290 | 8C23 o (BFY51 22p|2N898 HATRSEE Normal Re ALOGUE
BA159 Y3082 e essenes B0 BC239. 7P (Brvs2 72p |2n706 7p [25C1675 209 1984 CAT ;
N Sip|ERECET o 38| AR Bl il 2RE10T8 o208 OUR GREAT NEW h and Appeal to ALL who requira
4p £ €1 BC30 BHY2D 22 0p [25C1 i+ r ional Approach an her Accessori
8AWB2 4p {BZY98 68 ,3 BC3078 P |Rvsea  42b|aNty 3p 125C1973 P d with a Professional Apj iconductors and othe less
8AX13 Pl ., BG308C p |BSx20  18p|oN1303 Sp [5C2028 37p . Presented with a onents, Sernicon: d pages of usele
16 30p 2N1304 €31 1 i ronic Comps wasted pd s.
32;3 :;: g‘f?oa "" %gg? : gg:gg ;EE §ﬁl§?§ 33 gg{;‘; :3‘ ?g QXEI._IW: Ier‘c:atalistic prices. T::ég i‘r’\reCart‘:logues %ub|l|s'h:$rgg‘z;’€:”\"m
aa 1(] °90/9 1 8p BSXB3 13 8p 125K . . ion so often incl d individual fe:
BAY71 17p | QA47,90/9 8p]BC3378  11p BSY79 81p)2n17 information P ice, description an v licy has always been
8Y122 7p | OA200/202 22p L] 02 39p " Just solid facts i.e. price, ber, BI-PAK's po icy THAT WE
Sz 220 | TAAS50 TMSSA00N| MRl (E8002 308 y i available. But remember, titive prices and
BY206 35P 78p P £2.87| F9 73p a 2 we have % nents at compe
a8, MC10 78p | MC3a438 F9014 lity compo
429 151 £1.03 53p S sell qual
'C's NUMERIC MISC. | 70028 ead HAli3ew  Tob M T 1aRa30 §1'99 £01s 88, A 3 e ) ivery. all
TLa? 220 [mrarasy 90 4116N3 93 [ ariaoasy f . " for fast immediate delivery,
N oMooAt0 Aeran o Yl 4 ToA1200 935 USadnss  eron | AR Y \ : We hold vast stocks “in stock ;ﬁ;bre ex stock. The C'atalogi‘;:
TLO71 58] BA: £2.87 | MC14 CD5484 ‘48 | f9311 € 5 talogue are av: "ansaphone’ servi
TLar2 £3.35| _AD363I0 £1.32 |FTi4828 galor €14 p items in our Catalogue 24 hours ""ansapl he
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8251 i TL720. TDA2030 i TA7312 12003 d r NEW 1984
€112 90p £2.31 €1.80  HA €9.31 ur
TLoga sp| TBA810S 785 2102HPC €2 AD7508 MC14412 To receive yo
93100 78p TBAS20M se 2114Nd £2.52 AD7523 £2.20 SN15835 82p S 25p p&p to'-
93109 70| "Mcasop 38 |uinizias €338 ADrSs0  g287 | SN1sBas 30p . PLU
93116 131 Mcasee £138 |Vinz2asa eTal ||| Ahmsso) S EEE $3p ) us on Ware 3182
93038 T8p|  MERe3p £1. FSAZE0 1 1:5 PBOSS €4.70 20107 €1, Use your credit card Ring Goods
93166 78p F336DC 3B | B ed £€3.30 o = t your order even faster
e10. AR e1122 | ps 324 | M5 7% ! . NOW and get y
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ELECTRONICS TODAY INTERNATIONAL :|
CLASSIFIED ADVERTISEMENT — ORDER FORM

If you have something to sell now’s your chance! Don’t turn the page — turn to us!
Rates of charge: 35p per word per issue (minimum of 15 words).
and post to Electronics Today International, Classified Dept., 145 Charing Cross Road, London WC2

Please place my advert in Electronics Today Internationalfor...... issues commencing as soon as possible.

I am enclosing my Cheque/Postal Order/International Money
Order for: (delete as necessary) €. .. .. {Made payabie to A.S.P. Ltd)

OR Debit my Access/Barclaycard
(Delete as necessary)

Please use BLOCK CAPITALS and include post coges.
Classification .......

r----‘-.-d-\--d-.-ﬁ-_f-‘----

All classified advertisements must be paid for in advance.
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Part No A
BIM 2601 178

BIM 2602 280
BIM 2603 381
BiM 2604 483
BIM 2605 480
BiM 2701 178
BIM 2702 280
BtM 2703 381
BIM 2704 483

Bimconsoles —

BIM 6005 105
BiM 6006 170
BIM 6007 170

Bimconsoles — METAL Brown base

with Grey Aluminium top.

BIMBOARDS

Prototype with plug-in breadboads
Componen support brackets suppllied
B C D E with all except Eurobread ard

51 210 385 70 915 Type Nolot
51 210 385 70 1015 Points

Beige top

51 210 385 70 11.75 Eurobreadboard 500 6.25
51 210 385 70 1335 500 075
51 261 385 70 14.90 538 g.gg
76 210 385 70 960 :
Bimboard PCB 630 144
102 210 385 70 11.20 Bimboard Lavout Pad 046
102 210 385 70 1240 MPUrobread oard 1422 17.25 1
102 210 385 70 1415 Bimboard Designer 77.00

ABS Black or

/"—E_I
\ IDE B/

Grey base

555 143 315 375 225
555 143 315 375 280
818 218 315 578 385

PLAN

A

Allprices inc VAT Add 50p perorder on Bimboards, £1.50 perorderon Bimcon-

soles for p&p. SAE for tull list. Mail Order only.

BIMSALES
Dept ETI/2, lon Road, Cheadle Hulme, Cheadle, Cheshire,.
SKB TAB. Toh 061 465 6867
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MARCO'S SPECIAL FFERS
RUSSIAN 2,

SP'EJCUI:LTI-I,A'EIT:EHI de. ‘\;ohage: 06, 12, 3, 12, 30, 60, 120, 600, 1200; MAINS ADAFTORS|
COMPLETE WITH ac. Voltage: 36, 15, 60, 150 300, 600, 900; Battery eliminator |
CHARG de lntensny mva: 0.06, 06, 6, 60, 600, 3(1]0 .
BATTERIES & LEADS. 3¢ intensity mva 0.3, 3, 30, 300, 3000,
000 d.c. resistance: 0.2, 5, 50, 500, 5000, kOhm

opv
£12 im;ludin g.e. level dB. —10 to +12.
VA SFORMERS

Brmsh made transformers at very attractive prices

;  Primary Secondary Current 1+ 10+ 100+ 3
240v:  A5045v 400m/a 50p 45p 35p W
= 40v gggv ;88"1/3 58p SZp 43p 2
. v m/a
4 IPoslage & Packmg 45p per transformer or£1. 60pe! 10.£4. ﬁper 108[ pI“gsnr?:l')”:;c'{';? a
SPECIAL RESISTOR PACKS 1904 CATALOGUE

complete with lead
and 35 jack plug
Idesl for radios, TV

Send now for our latest catalogue. Now avai
able - 109 pages, packed with complete range
of components; range increased - fully illus-

1W. 5 ea. value 10R - 1M
305 oft for £300
JW. 10 ga. value 10R - 1M

trated. Price 359 per capy, includes 30p credit games eltc.
fw %"eIamngmzm M2 note, monthly speciel offer sheets. order forms 9v500 £250
. avaue - and pre-paid envelope Please add 15% VAT inc. VAT

365 oft for £3.50 to all prices and 35p/p to the total, either send

$W. 110 ea. value 2R2 - 2M2.  cheque/cash/PO or send/telephone your
730 off for £6 00 Access or Visa number.

All orders despalched by return of mail, official orders from schoois, @ i
ges, etc most wel E

MARCO TRADING, DEPT. EEI,
| THE MALTINGS, HIGH STREET, WEM, SHROPSHIRE, SY4 SEN. Tel: (0939) 32763

Quantity prices
upon request

" PARNDON ELECTRONICS LTD.

Dept. 23, 44 Paddock Mead, Harlow, Essex. CM18 7RR Tel: 0279 32700

RESISTORS: ' Watt Carbon Film E24 range + 5% tolerance
Bandoliered and colour coded. Full Range 1RO-10M.
£1.00 per hundred mixed (Min 10 per value) £8.50 per thousand mixed (Min 50 per value)
Special stock pack 60 values. 10 of each £5.20

" RECTIFIERS

3% Digit LCD Display: 1 colon, 3 decimal points
1Amp 3 Amp plus/minus sign and lo bat indicator.
50V 3p 14p Complete with low power 7106 A/D converter display driver.
%88\6 gp %ﬁp Driver set £8.95
400V 6; lgg Display £3.50 Driver £6.50.

DIODES: IN4148 £1.60 per hundred

8 pin - 10p. 14 pin - 11p. 16p pin - 12p. 18p pin - 19p. 20p pin -21p

DIL
SOCKETS 22 pin - 23p. 24 pin - 25p. 28 pin - 27p 40 pin - 42p.

vl HORIZON ELECTRONICS NI
\ 7/, (Midands) N &
N 7 Charlotte St. Ru g Tel: 78138 ~ g
Prime quality. TERRIFIC PRICES. Mail order only
MGULATORS ZENERS UNEARIC.a
18/12/18v) {2.7 10 30v) CAPACITORS Axwi (83v) CA 3240 26p LM 700 a4p.
100mA +ve 28p 500m! Radl (63w 1 mtd o DAC 0800 233p LM 747
1amp +ve 330 1 watt 20 ¥ mtd 70 22mid P WCLTB1 96p. Lmr4n 3%0
723 varabie 200 22nia To 47 mid L 7822 180p LM 1458 430
i e 0 ma 105 | xmTsss 700 " 590
N 00 2 12p 754 130p LM 3908
DODES “mllll.'ﬂ!‘l!ll L 120 47 mia 14p LF 347 58p. w 4 50
1N a001 ap 4 ek 138 100 mia 21p LF 354 a0p (M3915 2150
1N 4002 s z?umuxu 300 100 nid 19p 220 mid 50p LF 353 700 NE 231 133
1N 4004 ¥ 7 amp 400, 380 220 mia asp 470 mia 550 LM 301 20 NE 87 3
1N 4008 &0 Samo lh 45: 1000 mic 00 LM 324 20 801 71p.
1N5401 120 Bam, LM339 SNT8D2IN 272
1N 8408 13p |D-m50~ ‘709 LM 348 80p 414
1N 5408 14p 10 amp 200v 1950 TRANSISTORS 80135 A3p LM 380 880 INazS at0
8C107b 90 80136 asp
B8C108b 90 80135 32p
ipiaarcy TRIACS (omanc) BC10%0 109 an140 voon-scmwm»
4 amp 400v k23 4 pmp 400v 500 BC140 25p BF178 250 15 way 86p
8 amp 400 80p. 8 400v 80p aciaz 220 BF17g 300 m 128p
25 smp 400V, 1880 BC180 asp. BE257 30p [ B9p
BC182 b BF258 30p 25 way — Py 1220
ac212 o BF250 Ap ‘sackel kel
o OPTO OLAT B8c237 8p BFXBY 270 cover 990
02" Red 13 L2 BC300. 52p BFXBE 28p 25way |I0C — phyg 4350
02" Graen el 4N 30 17p BC301 250 BFXET 26p sochet 4950
02" Yetow % MOC 3020 188p 302 avp aFxss 255 comer %0
K301 250 BFY| 2
2 39p BEYSY 220 TOGGLE SWITCHES
HOLDE RS BC303 TIP3'R 35p Starderd 2 amo — SP ST 38p
5200 120mm; B TIPI2b o or 49
Antex 16w a9tp. Panai mg. 24p ac337 80 YN1010km 50p. Mea'ue 2amp — SPST 570
Chassu mig 8o BCY7O 15p VNE6a! asp DPDT 70p
Prinisa cot 9 BCYTY 150 VNBBal 95p. Submin Zamp —SPST 480
DP DT 62p
ADD: 65p post/packing to all orders under £15 ey
VAT. add 159 VAT to totat order value (inc p&p) im
* % % Comprehensive Catalogue Available : 85p # # # S

Full List Available — Send SAE
ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS
MIN ORDER — UK £1.00 OVERSEAS £5 CASH WITH ORDER PLEASE
Same Day Despatch
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Lineage:

35p per word {minimum 15 words)
Semi Display: (minimum 2 cms)

—
VISA
p=Emn

A

£10.00 per single column centimetre

Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card {available on request)

FREE BOOKLET
on

Y /
) A

BURGLAR ALARMS

with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440
AD ELECTRONICS

. 217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

A7 INTRUDER ALARMS

Wholesale Alarm Suppliers
Latest D.l.Y. & Wholesale Published Catalogue.
Write off for your copy

86 Derby Lane, Old Swan, Liverpool 13
Tel: 051 228 3483 or 051-220 0590

TIMED ENTRYCE'E(TIIOL
ALARIM - PANEL

seeaa
— MA[INS-BATT,
S

| e | MODEL 9000E
\ - I -ONLY-
-

2 ZONE -(33-89

B FULL 2 YEAR GUARANTEE

B Adjustable eniry—exit wiih buzxer.
B Reguiated power supply (1:2 amg).
B Letching 24 hour circuit.

B Vieusl & sudinle welk teat.

PLEASE SEND FOR FREE cartaLoG

of ALARM EQUIPMENT rrom
SIMPSONS ELECTRONIC ALARMS

70 PRIGRY ROAD LIVERPOOL L4 IRZ
STRADE SUPPLIEDE

051-260-0300

SECURITY
Alarm Systems

LOWEST DISCOUNT PRICES
HIGHEST QUALITY EQUIPMENT

@ MICROCHIP CIRCUITRY
@ QUICK DESPATCH SERVICE
@ FULL WNSTRUCTIONS

SEND SAE OR PHONE
CTEC SECURITY Dept £ 1,
60 Markt St Vogan N1 THX
Telephone 10942 42444

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.

PLANS ‘N DESIGN

AMAZING ELECTRONIC
plans, lasers, gas, ruby, light
shows, high voltage tesias, van
de graph surveillance devices,
ultrasonics, pyrotechnics, new
solar generator, 150 more pro-
jects, catalogue. SAE.
Plancentre, Bromyard Road
Lr‘\ggstrial Estate, Ledbury

WEST HYDE

THE UKS LEADING STOCKIST
OF CASES. PANELWARE
AND ACCESSORIES

Large Stocks — Fast Deliveries

SEND £2 FOR COMPREHENSIVE,
ILLUSTRATED CATALOGUE —
Includes £2 Worth of Vouchers

UNIT 9, PARK ST. IND. ESTATE
AYLESBURY BUCKS HP20 1ET
Telephone: (0296) 20441

ELECTRONICS TODAY INTERNATIONAL CLASSIFIED

01-437 0699

Send
Debb

your requirements to:
ie Miller

ASP Ltd,

1 Golden Square,
London W1,

Our new Mic & Ma

PARTRIDGE s
ELECTRONICS -

BROADCAST QUALITY FOR YOUR
: NEXT MIXER PROJECT

® Over 100 Audio Sub-Units
@ Kit or Ready Built

incorporate the super low noise
Mullard/Signetic NE5534 IC.
All items listed are identical to those used
in our professional consoles

g Disc Pre-amps

6 Fleet Road, Benfleet Essex SSJ 5JN,
England (LARGE S A:E: PLEASE)

HE MIXER PEOPLE

Printed Circuit Boards
to your specification

from artwork through to
! tinished board.

QUICK DELIVERY -
i COMPETITIVE PRICES

Twickenham, Middlesex
TEL:01.8911923/1513 Telex 29509

AERIAL AMPLIFIERS improve

weak television reception.
Price £6.70. S.AE. for leaflets.
Electronic Mailorder, Rams-
bottom, Lancashire, BLO 9AGH.

TRANSPARENT flexible key-
board coversallow operation of
computers in dirty environ-
ments. Datails from: DBM Pro-
ducts, Box 6, Melton Mowbray,
Leics. (0664 68415 after 4pm).

POWER SUPPLIES. Excellent
layout includes two panel
meters in attractive aluminium
case. 5 outputs *+15v +5v
100ma +25v 1.5A variable.
£55.50.J&S Mailorder, 6 Albion
Grove, Stoke Newington, Lon-
don N16.

100W Amplifier — £9.95
built! Or usethe sameboardfor
50W, {50W, 200W into 4 or 8
ohms etc., by using alternative
output transistors and P.S.U.
SAE for full details to ESS
Amplification, Innovation House,
Guildhall Road, HULL.

INTEGRATED CIRCUIT TESTER
Computer controlled IC tester-tests most
Digital ICs(up to 24 pins). Piug in the IC,
tell the comptuer the IC number and hit
return. It can also identify unmarked ICs,
Includes software & Instructions.
Only £39.95. For BBC, VIC20 & all
Sinclairs.
Moriey Electronics, 1 Morley Place,
Shiremore, Newcastie Upon Tyne

COMPUTERS

Multiband portable radio, Air-WB-PB/TV-
FM/CB. squelch 20 directional aerial,
batteries or adaptor powered, size; h8.5".
Xw3.75"Xd2". £12.50.

Personal MW radio headset with built-in-
speaker and belt clip, takes one PP3 |
battery. complete with lightweight
headphones £6.25.

High quality crimp-tool. crips terminals,
cuts mild steel boits, cuts and strips wire.
complete with 25 assorted terminals |
£2.30.

25W+25W 5-band car stereo booster
amplifier-equaliser, 20-20KHz. (X80)
£27.00.

Same asabove but with7-band equaliser
{L-707) £34.50.

Same as (L-707} but with LED power
indicator. (L-7101 £37.00.

Suttable 25W car speakers, 3-way swivel
ling tweeter (FX 17) £38.50.

All items guaranteed. prices include VAT |
and postage.

Orders to
LEE.G.S.LTD
334 Dickenson Road, Longsight
Manchester M13 ONG
{Mail Order Only)

WANTED

TURN YOUR SURPLUS tran-
sistors, IC’s etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immediate
settlement.
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COMPONENTS KlTS FOR SALE WIRES N CABLES

BUMPER BOX OF BITS

WOW! We've got so many componentsin
stock, we can't possibly iist them all— So
buyabox. Inityou'litindresistors, capaci-
tors. displays. switches, panels with tran-
sistors. diodes, (C's etc., coils, pots... and
so on. All modern parts — guaranteed at
least 1000 items. minimum weight 101bs.
ONLY £8.50 inc. 48 page catalogue 50p.

ELECTRONICS WORLD

1e Dews Road, Sallsbury,

Wiits SP2 7SN

BULK COMPONENTS
Resistors — Idealformaking into packsor
justto increase stocks at a very low price.
We're selling new, tull lead length resis-
tors in origina! boxes/packets/reels
Because most are packed in thousands
{some are 100's)you'llneedto buyalarge
quentity to get a reasonable mix. You'll

et carbon/tilm/oxide mixed tolerances
% to 20% in aW, YaW & 2W. 20,000 £26;
50,000 £60; 100 000 £110; Yamillion
£250: 1 million £950. All prices inclusive.
SAE for samples.
We also stock capacitors, semiconduc-
tors, veroboards etc in bulk SAE for
latest list.
PC ELECTRONICS 1, THORNHILL,
ROMSEY RD., WHITEPARISH,
SALISBURY, 'WILTS SP5 25D’

COMPONENTS, kits, circuits,
etc. SAE for free list. PIP Mar-
keting, Two Bridges, Blakeney,
Glos GL15 4AF.

KITS

WRONG TIME?

MSF CLOCK is ALWAYS CORRECT
—nevergainsorloses, SELFSETTING
atswitch-on,8digltsshow Date,Hours,
Minutes and Seconds, auto GMT/BST
and leap year, receives Rugby 60KHz
atomic time signals, buiit-in antenna,
1000Km range, £72-70.

AUDIO OSCILLATOR, 10Hz-200KHz
0-1V sine/square, TTL, £21-60.

Each fun-to-build kit (ask for full list)

includes all parts, printed circuit, case,

instructions, by-return postage eftc,
money back assurance, SEND away NOW.
CAMBRIDGE KITS
45 (TB) Old School Lane,
Miiton, Camibs.

DIGITAL WATCH REPLACE-
MENT parts, batteries, displays,
backlights etc. Aiso reports pub-
lications, charts. S.a.e. for full list
Profords Conersdrive, Holmer-
green Bucks. HP15 6SGD

PRINTED CIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with fullinstructions, £2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper-clad fib-
reglass board, approx. 1mm
thick £2.00 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.

MINATURE TRANSMITTER,
professional with hypersensi-
tive pick-up with hi-fi quality
reception on domestic VHF/
FM air band radio. Using sub-
miniature components for
exceptional transmission
stability and range, tunable 70-
150 MHz, size 2in x %2 in, com-
plete kit, includes all com-
ponents, ultra-sensitive mic-
rophone, illustrated plans etc,
only £9.95 post paid, send
cash/cheque/PO to MOD-
ULEX P.O. Box 102, Dartford,
Kent DA1 2PW.

Build your own high performance
AUDIO SIGNAL GENERATOR }
£25.00inc| case (p.p£1)
Spec.
Very low distortion {only 02%)
Output 1v into 600 Ohms.
(Attenuated)
10Hz — 100Khz. Sine-Square
(A Linsley-Hood design}
TELERADIO ELECTRONICS
325 Fore Street, Edmonton
London N9 OPE
Ready made £30.00

FOR SALE

STEREO AMPS boxed + data
£10. Case, controls + sockets
— 120 watt (pfotected) glass/
PCB built and tested — KIA, 8
Cunliffe Road, likley— 300 watt
slaves/£15.00.

FULL SPEC. Computer ICs
TMS9929 £14.95. 8086D
£22.95. Z80B £5.95. Morley
Electronics, 1 Morley Place,
Shiremoor, Newcastle Upon
Tyne.

TRANSCENDENT 2000, as-
sembled fully working £150.
Casiotone MT40, as new, £70.
Free delivery mainland. Nor-
wich (0603) 51182.

ELECTRONIC ORGAN KEY-
BOARDS andotherpartsbeing
cleared out as special offer.
Elvins Electronic  Musical
Instruments, 40A Dalston Lane,
London E8.01-986 8455.

SERVICES

MENDASCOPE
LTD

Repair & recalibrate
Oscilloscopes
All makes, all models
Scopex, Safgan, older TEK& TQ

| Otter House, Weston Underwood
Olney, Bucks MK46 5JS

Beford (0234) 712445
For the complete service i
REPAIRS, electrical, elec-

tronic measuring equipment. A
complete service at a highly
competitive price. Postage,
estimates free. 14 day Turns
Round. British Tele-Comm
approved. Ledon Instruments
Ltd, Gladstone Road, Folkstone,
Kent. (0303) 57555.

MICRO-COMPUTER repairs.
ZX Spectrum,VIC 20,C64 Pets,
Commodore computers, prin-
ters and floppy disk. Phone
Slough (0753) 48785. Monday
to Saturday.

BOOKS & PUBLICATIONS

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software. S.AE.
4 x 9", Paralab, Downton,
Wiltshire .

THE SCIENTIFIC

WIRE COMPANY
811 Forest Road, London E17
01-531.1568
" ENAMELLED COPPER WIRE
SWG 1ib 8oz 40z 2oz
8-34 363 209 1.10 88p
35-39 382 230 1.26 93p
42-43 520 291 2.25 1.60
44-47 856 580 349 275
48 1596 9.58 638 369
SILVER-PLATED COPPER WIRE
-3 5.20 293 .97
TINNED COPPERWIRE
14-30 397 241 1.39 .94

Prices inciude P&P and VAT Orders under
£2 add 20p. Dealer inquiries welcome.

COMPUTING

FUTURE :
TECHNOLOGIES

{ETH 1 Hollybrook Rd., Shirtey
Southampton SO1 6RB

. CBM B4 Computer ..... ...... . €198
80 column Board for 64 £115
with cassette & 2 blank tapes ... €242
VIC 20 starter pack  ......... . €139

Cassetie alone £44.90, tapes €1 ea
Spectrum 16K £99.95, 48K€£129.95
Also Atari, Texas, accessories, software.
Cheque/PO with order.
Send large SAE tor lists (23p stamp)
Add €1 P&P tor orders under £50
All prices include VAT

COMPUTER ADD-ONS

Microtan65 Eprom Switching
Board

Perm any 4 from 16. Software controtled.

Bareboard + instructions £19.85 post-

free. Also available 64 x 25 colour VDU

card, 3 pass assembler, word processor
etc Large SAE for details.

M.P.D., 7 CedarClose,
Graftham, Huntingdon
PE18 0ODZ.

PHOTOGRAPHY

PCB PHOTOGRAPHY

. FILM NEGATIVES and POSITIVES
from your Black & White or Taped
nglnals
Same Size, Reduced or Enlarged.
Up to 100 sq. ins. Neg only £3.50
Neg. & Pos. £5.00. incl. postage cw.c.
G Houldsworth Ig q’

14 8t. Edwards Road, Southul Hants.

STEVE'S ELECTRONIC
SUPPLY CO. LTD.
45 Castle Arcade, Cardiff

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982

47 Whitechapel, Tel 051 236 5489

ANNLEY ELECTRO

190 Bedminster Down Road

Bedminster Down, Bristol Liverpool 2 TEL: 0222 41905

Tel: 0272 632622 ! :
Open: Mon-Sat 9am-8.30 pm Wed Sam-2pm 'THE ELECTRONICS SPECIALISTS Open: Mon-Sat 9-5.30 |
ORsmIsESa s Tn 3 " For components to computers

~_ LANCASHIRE
E TESON ELECTRONICS

158 Lower Green,
E‘Poulton-le-Fylde, lackpool
Tel: (0253) 885107

Open: 9 30arn 12.30. 1 305.30. Closed Wed & Sun
Flectronic Component Specialists.

NORTHAIVIPTONSHIRE

A FOR ALL YOUR

CLASSIFIED NEEDS
PHONE DEBBIE

ON 01-437 0699
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* l new company selling electrenic wnnmm.

% Mail order and walk-round supermarket.

] %* VYast stocks and very compstitive prices.

i Wigh March, Daventry. NNII 4HQ.
“Lﬁ\ % Telephane 03272 5523. Telez 311245,

(0ff A45 opposite Joha 0 Gaunt.]
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Argus Specialist Publications Ltd.

Technical Editorial Assistant

Multitalented electronics genius required
for demanding editorial position.

However, we'll settle for an enthusiastic
electronics buff who can develop a
working prototype from a thumbnail sketch

| and transform an author’s submission into

intelligible text and diagrams.

The job will best suit someone with a
broad knowledge of electronics and
requires, above all, the capacity for
attention to detail and strict accuracy.

Journalist’s skills are not needed — they
are quickly picked up — though if you
have some knowledge of magazine
production, so much the better!

We have no fixed ideas as to age,
experience or formal qualifications, as
enthusiasm and an enquiring mind are

more important.

Apply with up-to-date CV to: Ron Keeley,
Editor, Hobby Electronics,

Argus Specialists Publications, 4
No. 1, Golden Square, London W1R 3AB.

All applications treated in strictest
confidence.
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[fan

advertisement
is wrong
were here to

put it right.

If you see an advertisement in
the press, in print, on posters or in the
cinema which you find unacceptable,
write to us at the address below.

The Advertising
Standards Authority.

ASA Ltd, Dept 3 Brook House,
Torrington Place, London WCI1E 7HN




High performance,
low price kits for

today’s musicians
DIGITAL DELAY LINE iy

R E Complete kit

e qo -i-—-ﬁl-

Digital delay circuitry is an absolute necessity.for high quality studio work, but
usually comes with a four-figure price tag.

Powertran can now offer you digital quality for the price of a high analog unit. The

unit gives delay times from 1.6mSecs to 1.6 secs with many powerful effects including

phasing, flanging, A.D.T., chorus, echo and vibrato. The basic kit is extended in

400mSec steps up to 1.6 seconds simply by adding more parts to the PCB.
£9.50

Complete kit Parts for extra 400mS delay
TRANSCENDENT 2000

(400mS delay) (up to 3)......
ETI single board synthesizer.

‘DESTINY’ MIXER

This versatile mixer offers a maximum of 24
inputs, 4 outputs, and an auxiliary channel.
Input channels have Mic/Line, variable gain,
bass/treble, and middle frequency equaliser.
Output channels have PPM displays and
record/studio outputs. There are .send/return
jacks, auxiliary, pan and fader controls, and out-
put and group switching. There is also a head-
phone jack and built-in talk-back microphone.

This professional quality 3-octave instru-
ment is transposable 2 octaves up or down,
giving an effective 7-octave range.

There is portemento pitch bending,VCO
with shape and pitch modulation, VCF with high
and low pass outputs and separate dynamic
sweep control, noise generator and an ADSR
envelope shaper. Other features include special
circuitry with precision components to ensure
tuning stability.

Input channel
Qutput channel
Aux. channel
Blank panel
Base unit and front

Pair of end cheeks

Power supply and cablnet

Complete klt

MPA 200

100 watt mixer/amplifier

" Here's a rugged, professionally finished
mixer amp designed for adaptability, stability
and easy assembly. Using new super-strength
power transistors and a minimum of wiring, it
offers a wide range of inputs (extra components
are supplied for additional inputs), 3 tone con-
trols, each with 15dB boost and 15dB cut, and a

master volume control.
£49.90

SP2-200

2-channel, 100-watt amplifer

The SP2-200 uses
two of the power amplifier
sections of the MPA 200 (above), each with
its own power supply. A custom designed
toroidal transformer enables both channels to
simultaneously deliver over 100W rms into 8
ohms. Each channel has its own volume control,
and a sensitivity of 0.775mV (OdBm) makes this
amplifer suitable for virtually all pre-amps or
mixers.

Complete kit

CHROMATHEQUE 5000

ETI 5-channel lighting
effects system

Many lighting control units are now avail-
able. Some perform switching and others
modulation of light output according to musical
input. The Chromatheque combines both func-
tions. It controls 5 banks of lamps up to 500W
each in either analog or digital mode. And the 5
channels give more colours and more exciting
linear and random sequencing than is possible
with 3 or 4-channe! systems. Versatile light level
controls enable the lights to be partially on to
suit the mood of the occasion. Wiring is minimal
and construction straightforward.

£49.5

Complete kit

All prices are exclusive of VAT. Free carriage in UK — export at cost.

Allow 21 days fordehvery Accou "“

OWERTRA

cybernetics Itd.

POWERTRAN CYBERNETICS LTD, PORTWAY ESTATE, ANDOVER, HANTS SP10 3ET TEL:(0264)64455




Full-travel, full size

Simp)y plu.gs ‘iht

expansion port on your

* Single-key selection of all major multi-key functions.

* Plugs directly into Spectrum expansion port and
extends port for other peripherals.

* Can accept Atari-type joysticks (optional extra).

» Absolutely no soldering or dismantling of Spectrum.

extension board and the keyboard —
and the Case Kit which includes all the
necessary mounting hardware.

* Available in kit-form or ready-built.

The kit is sold in three parts — the Keyboard Main Kit which allows
you to make your own arrangements for connection to the
Spectrum — the Adaptor Kit which contains the extension board

Order As LK29G (Keyboard Main Kit) Price £28.50
LK30H (Adaptor Kit) Price £6.50
XG35Q (Case) Price £4.95

Full construction details in Projects Book 9.

Also available ready-built for direct connection and including case.

and socket for the expansion port and the cable between the

Order As XG36P (Spectrum Keyboard)

Price £44.95

Full details in our project books. Price
70p each.

In Book 1 (XA01B) 120W rms
MOSFET Combo-Amplifier e
Universal Timer with 18 program times
and 4 outputs ® Temperature Gauge ®
Six Vero Projects.

In Book 2 (XA02C) Home Security
System ® Train Cantroller for 14 trains
on one circuit ® Stopwatch® with
multiple modes. ® Miles-per-Gallon
Meter.

In Book 3 (XA03D) ZX81 Keyboard
with electronics e Stereo 25W
MOSFET Amplifier ® Doppler Radar
Intruder Detector © Remote Control
for Train Controller.

In Book 4 (XAOQ4E) Telephone
Exchange for 16 extensions e
Frequency Counter 10Hz to 600 MHz
Ultrasonic Intruder Detector ¢ /O Port
for ZX81 e Car Burglar Alarm e
Remote Contol for 25W Stereo Amp.

In Book 5 (XAO5F) Modem to
European standard ¢ 100W 240V AC

Inverter ® Sounds Generator for ZXB1
® Central Heating Controller e Panic
Button for Home Security System e
Model Train Projects e Timer for
External Sounder.

In Book 6 (XA06G) Speech
Synthesiser for 2ZX81 & VIC20 e
Module to Bridge two of our MOSFET
amps to make a 350W Amp e ZX81
Sound on your TV & Scratch Filter ¢
Damp Meter ® Four Simple Projects

In Book 7 (XAO7H) Modem (RS232)
Interface for ZX81/VIC20 e Digital
Enlarger Timer/Controller ¢ DXers
Audio Processor ® Sweep Oscillator ®
CMOS Crystal Calibrator.

Maplm s Fantastic Projects=—

In Book 8 (XA08J) Modem (RS232)
Interface for Dragon and Spectrum ¢
Synchime e |/O Ports for Dragon e
Electronic Lock e Minilab Power
Supply ® Logic Probe e Doorbell for
the Deaf.

In Book 9 (XA09K) Keyboard with
electronics far ZX Spectrum  Infra-
Red Intruder Detector ® Multimeter to
Frequency Meter Converter  FM

Radio ‘with no alignment e Hi-Res
Graphics for ZX81 e Speech
Synthesiser for Oric ® VIC
Extendiboard - ¢ZX81 ExtendiRAM e
Dynamic Noise Limiter for Personal
Cassette Players e TTL Levels to
Modem/RS232  Converter ® Logic
Pulser ® Psuedo-Stereo AM Radio e
Ni-Cad Charger Timer e Adder-
Subtractor e Syndrums' Interface e
Microphone Pre-Amp Limiter.

' the various Billboard
| services, talk to

1984 .
CATALOGUE
A massive 480 big pages of
description, pictures and data
| and now with prices on the page.
| The new Maplin catalogue is the
one book no constructor should
be without. Now includes new
Heathkit section. On sale in all
branches of W.H. Smith. Price
£1.35 — It's incredible value for
money. Or send £1.65 (including
p & p) to our mail-order address.

Great Pro;ects
From E&MM

Our book “Best of E&MM
Projects Vol. 1” brings together
21 fascinating and novel pro-
jects from E&MM’s first Year.
Projects include Harmony
Generator, Guitar Tuner, Hexa-
drum, Syntom, Auto Swell,
Partylite, Car Aerial Booster,
MOS-FET Amp and other
musical, hi-fi and car projects.
Order As XH61R. Price £1.

THE MAPLIN MODEM KIT

- Exchange programs
~ with friends, leave or

“

read messages from

computer bureaux, or
place orders and
check stock levels
on Maplin’s Cashtel
service. A Maplin Modem will bring a whole new world to your |
computer and vastly increase its potential.

Now you can exchange data with any other computer using a 300
baud European standard (CCITT) modem and because the Maplin
Modem uses this standard, you could talk to any one of tens of
thousands of existing users.

Some computers need an interface and we have Kits for the ZX81,
VIC20/Commodore 64, Dragon and Spectrum and shortly Atari,
whilst the BBC needs only a short program which is listed in
Projects Book 8.

A Maplin Modem will add a new dimension to your hobby.

Order As LW99H (Modem Kit) excluding case. Price £39.95.
YK62S (Modem Case) Price £9.95.

Full construction details in Projects Book 5.

Covane s

o
MAPLIY MODEM Ama—

Post this coupon now for your copy of the 1984
catalogue. Price £1.35 + 30p post and packaging.
f you live outside the U.K. send £2.20 or 11
International Reply Coupons. | enclose £1.65

Name..............oo.e :

Address .. .

ETI/2/84
L

_—_———_———_——_—_J
Despatch by return of post where goods avatlable.

L ELECTRONIC
MIAPLIMR s=res

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend
(0702) 552911 e Shops at: 159-161 King Street, Hammersmith,
London W6. Tel: 01-748-0926. » 8 Oxford Road, Manchester. Tel: 061-
236-0281. » Lynton Square, Perry Barr, Birmingham. Tel: 021-356-
7292. ¢ 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702
554000. » 46-48 Bevois Valley Road, Southampton. Tel: 0703 25831.
All shops closed all day Monday.

All prices include VAT and carriage. Piease add 50p handling charge
to orders under £5 total value (except catalogue).




