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Powertran’s range of quality audio
products offers top quality at low
prices. All the products are fipé
rugged metal cabinets sui
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Headphone A
2 x 3 sets of stere
phones from either one
‘or two inputs £20 +VAT,
(metalwork and g%
PCB’s only)
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16 Bj
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programmable Cortex Ul-ofier§ the speed and power of
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With drives, Jrinter and a monitor for a fully-
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Complete kit £40 >4
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protecti > |
gasmitters £70 + VAT

pecial offer: extended kit including
four transmitters £84 + VAT

g’sample some of the sounds available £2.50 + VAT
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(Don't forget to add V.A.T.)
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ISTOR y : e )
TRA":S STORS BFR39/40 30 jOC26 170 |2TX300 13| 2N3866 ©0 | 28C2547 40
‘ BFR41/79 25 [OC28 220 |ZTX302 18| 2N3803/4 18 | 2SC2612 200
AC126/7 30 |BC441/61 34 | BFR8O/81 25 |OC35 80 |ZTX303 25 | 2N3905/6 15 | 28D234 74
- 35|BCa77 22 | BFRos 105 |OC36/41 76 {2TX304 17 | 2N3906 17 | 2SK45 80
250 Hiah gg BC516/7 30 | BFx2o 28 |0C42/76 75 |2TX326 30 2N4ga? 60 22«253 225
i tr BC547/8 12 | BFXx81 45 [OC71/72 50 |ZTx451 23| 2N4058 15| 28483 2285
0 gh Street, WATFORD, WD1 2AN, HERTS' 2518C549C 12 | BFxga 35 |OC75/76 55 |2Tx500 - 14 | 2N4061/2 15§ 25485 225
MAIL ORDER & RETAIL SHOP 75|ecsserr 15 | Brxgsie 35 ggusz 50 |ZTxs01/2 1: 2N4284 30 gmig 1::
. ; BC558/0 15 | BEYS0/51 30 3/84 70 |ZTX503 18 | 2N4286 25 1
el: (0923) 37774 Tix. 8956095 WATFRD BCY39/40 85 srvszl 30 [OC170/71 78 |ZTx504 25 | 2N4289 25 | 40315 90
. 79{BCva1/42 30 | BFY53 38 |OC70 40 [ZTX531 125 | 2N4314 78| 40316 5
BCY45 50 | BFY55/56 56 |OC200 75 |ZTX550 25 | 2N4400° 25 | 40324 100
DEVICES FULLY GUARANTEED. SEND CHEQUE, P.O.s, CASH, BANK DRAFT WITH gg;?algs :!g FY84 40 ;{;ggé gg g:gg; 23 g:j::ﬂ gg :ggit;/? zg
i 1
ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED. GOVERN- | ariss ~ oyt 18 | Bryer 120 TIPSR 38 |aNooa 48 | oNs1o%e 30 | dogee 120
| 1 BCY78 30 [ BRY3® 80 |TIP30C . 37 |2n706A 25 | 2N5138 40360 60
| MENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERSWELCOME P&PADD 1 | AF128 BCYrs  d0|BRY3e S0 [TIRSOC . &7 |2NTOEA 23| 2NS138 25 | 40e0 SO
| TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES SUBJECTTO AF178 23151 ‘gg BSX26/29 32 25318 i: gng . :g gzglgg :: :g:t‘)zm 27.':
124 BSY26 35 31 N1131/i 1 85
| CHANGE WITHOUT NOTICE. BD131/32 55 | gsyos 35 |TIP32A 43 |2N1302 45 | 2N5190/1 75 | 40412 90
80133 50 | BU10s 180 |TIPA2C 45 [2N1307 70 | 2N5194 80| 40467A 130
V A Export orders no VAT, Applicable to U.K. Customers only. Unless stated othewise, 4|BD135 45| U205 180 {TIP33A 70 | 2N1671B 160 | 2N5305/8 30 | 40468 85
4 all prices ars exclusive of VAT. Please add 15% to the total cost Including P&P. }i gg}gg;g; gg gﬂggg 27° g;ggg ;g gzg,“,ng 3:: ngzg;fa ;g :ggg; :‘1’:
‘w-itockthounmhmon iterna. it paya to vislt us. Nearest Underground, BR Station: Watford High Street. 14|BD140 40 | guysac ;25 TIP34C 105 | 2N2220A 28 | 2N5485 36| 40673 75
| Open Monday to Saturday: 9.00am to 6.00pm. Ampla Free Car parking space avallable. 12 | BD144/45 198 | MD8001 250 |TIP3SA 120 | 2N2221A 25 | 2N5777 45
- 14[BD158 68 | MJ2955 90 [TIP3SC 130 | 2N2222A 26 | 2N5879 180
ELECTROLYTIC CAPACITORS: (Vatues in uF) 500v; 10uf52; 47 78p; 83V:0.47,1.0,1.5,2.2,3.3,478p1010p; 14 |BD184 35 | MJE170 150 [TIP36A 130 [ 2N2368 25 | 2N6027 32
15,22 12p; 33 15p; 47 12p; 68 20p; 100 19p; 220 28p; 1000 70p; 2200 HOp; S0V: 68 20p; 100 17p; 220 24p; 28 {BD205/6 110 | MJE180 150 |TIP36C 140 | 2N2369A 18 | 25A671 250 HCO2 58
| 40v]229p; 33 12p; 330,470 32p; 1000 48p; 2200 90p; 25V: 1.5,4.7, 10,22,47 8p; 100 11p; 150 12p; 220 15p; 25[BD245 65| MJE340 54 |TIPA1A 60 | 2N2483/4 27 | 25A715 75| HCO8 5§
33022p; 470 25p; 680, 1000 34 p; 1500 42p; 2200 50p; 3300 76p; 4700 92p; 18V: 47,68, 100 9p: 125 12p; 330 351BD378 70| MJE370 100 |TIPA1B 52 | 2N2646 46 | 25C495 85} HClO 85
18p] 470 20p: 680 34p; 1000 27p; 1500 31 p; 2200 38p; 4700 72p 401BD434 70 [ MJE371 100 |TIP42A 55 | 2N2904/5 28 | 25C496 85| HC20 55
g J : i ; : 20|BD517 75| MJES20 SO |TIP428 2N2906/7 28 | 25C1061:250 | HC32 55
TAG END CAPACITORS: 84V: 2200 120p; 3300 145p; 4700 245p; 50V: 2200 95p; 3300 155p; 40V: 4700 2| Eeas, 12| Mieszl B0 [TmPizo 79 | 2n2sora 28 | 23R10%s S Hes2 13
160p; 25V: 2200 70p; 3300 85p; 4000, 4700 75p; 10,000 250p; 15,000 270p; 18V: 22,000 200p. :5 BDE9BA 150 | MJE3055 70 [TIP141/2 120 | 2N3053 25 | 25C1173'125 HS? 70
2[BF115 45 [ MPF102 40 |TIP147 120 | 2N3054 55 | 25C1306100 | HCB6 60
POLYESTER CAPACITORS: Axlal Lead Type SIEMENS pcb 15[BF154/8 30 MPF103 30 |TIP2955 70 | 2N30s5 50 | 25C1307°180 | HC107 7O
400Y: 11, 16, 2n2, 303, 4n7, 6n8 11p; 10n, 15m, 18n, 220 12p; 33n, 471, Type Miniature 12|BF167 35| MPF104 30 |TIP3055 70 | 2N3252 46 | 25C1449 98| HC109 75
68n[t8p; 150n 20p; 220n 30p; 330N 42; 470n 82p; 680N 1UF 88p; 2u2 82p, e Capasitors 15[BF173  35) MPF105 30 [TIS43 50 | 2N3441/2140 | 25C1678140 | HC139 120
1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 42p. 10(BF177 35| MPF1068 40 [TIS44/5 45 | 2N3614/5180 | 25C1679'180 | HC153 38
280V 10|BF178 - 35| MPSACS 23 [TIS8BA 50 [ 2N3663 20 | 2SC1923 85| HC160 35
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH - 1°F 15, 2n2, 10|BF179 * 40 [ MPSAO8 30 |TIS90/91 30 [ 2N3702/3 10 | 25C1945225 | HC161 135
10n,/15n,22n,27n8p; 33n,47n,68n, 100n 8p; 150n,220n | CAPACITORS 3n3, 4n7, 6n6, 10|Br1aars s8] Mpoatz 29 |uCT3 60 2n3704/5 10 25C1563 80 Het6a 138
470N 15p; 680n 19p; 1u5 40p; 2u2 48p. * 1000pF/450V 10 150 4/5 55 06/7 10 1957 80
10| 330n, 470n.13p; 680n 19p: 15 40p; 202 48p. o B on sn i ® | BC1886/725[BF198/5 18| MPSase a0 |VNtoKM 85 [ 2Na708/9 10 |2SCiseerso [ HC173 120
TANTALM BEAD CAsACrTORS | coTENTIOWETERS comon T | K010 ap i Al R KRy
35V} 0.1uF, 0.22,0.33 15p 047, 068, | Rotary 025W Log & LIN Values, 39n 560 12p BF224B 40 | MPSUO5 50 | VNBBAF 220 | 2N3772. 195 | 25C2078170 | HC240 195
1.0,1.518p; 2.2,33 18p; 4.7, 6.8 22p 470R; 1K & 2K (Linear only) 82n,100n  11p
; ! / BF245 38| MPSUO6 55 | VN89AF 120 | 23773 290 |25C2091 8§ | HC243 - 195
10 28p; 18V: 2.2, 3.3 18p; 4.7, 6.8, 10 Singfe Gang . AR BF256A 45| MPSUS2 65 | ZTX107/8712 | 2N3819 35 [2SC2314 86§ HC241 195
18p} 15, 36p; 22 45p; 33, 47 50p; 100 SK—2M SingleGangLog&Lin 35pSK | o0 (o0 4op BF256B 50| MPSU55 60 |ZTx109 12 | 12N3820 80 |2SC2166105 | HC242 135
95p} 10V: 15, 22,28p; 33,47 50p; 100 —2M  Single Gang DP Switch 95p5K~— 150m 150 12p BF257/8 32| MPSUS6 55 |ZTx212 28 | 2N3822/3 80 |25C2335200 | HC244 185
80p; BV: 100 55p. 2M Double Gang 9P | 220 270n 15p BF259 30 HC245 195
330n, 390n 20p BF275 55 RF Chokes Miniature PCB type HC259 270
MYUAR FILM CAPACITORS SLIDER POTENTIOMETERS 470m 8500 28p BF336/7 35 HC373 225
100V: 1nF, 2, 4, 4nF, 10 6p; 15nF, 22n, 0.25W log and linear values 60mm 680n  30p 1uF E:Sg? :g :“’:' %I”2~54;7-2‘ auw 722‘“63?'{% 47u, 100u. 220u, 330y, 470u :gl’ HC374 ;2:
30n{40n, 47n 7p; 56n, 100N, 200N 9p; 6K — 500K sing'e gang 80p | 34p 2u2 50p BF494/5 40 2r2nm‘1 ?3,'“”'“45,"’:1 '47n’|"',{ . (4 230
50V 470nF 12p. . Graduated Bezels for above 45p VISA & BC337/8 12 | BF594/5 30 {100mH, 220mH 240
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS ACCESS CA3081 180 |MC1483 300 | TLOS1CP 60 74105 68 { 74C922550 | LS19 45 F LS258 80
Range: 0.5pF to 10nF - ap 0.1W Miniature Verticat or orders (CA3085 160 |MC1488 70 | UAZ240 120 | 74107 40 | 74923800 } LS20 22 | LS260 70
15nF, 22nF 33nF; 47nF 5p Horizontal, 100R to 4M7 I 8p | Just phone your CA3088 80 | MC1489 70 | UA78540 225 ;g}?g 44 74C925 650 |L. ;é ;g t ggé 1gg
1000F/20V  7p 200nF/6V 8p | 0.25W Larger 100Rto 3M3 Horz  12p | orders through, CA3090AQ 260 | MC1494 605 | ULN2003 75 74417 g5 L334 50| i3375 80
0.25WLarger200RtodM7 Vertical  12p | we do the rest. CA3123E 185 |MC1495 300 | ULN2004 75| 74312 180 Ls24  S0|Lszrs 8o
POLYSTYRENE CAPACITORS: pes £ multi + . Tel; CA3130 85 [MC1496L 70 | ULN2283 150 | 74116 160 1337 22| 13575 “ss
10pF to 1nF 8p; 1.5nF to 12nF 10p, germet multiturn prese 0923 50234 CA3140 40 |MC1596 225 | ULN2603 190 | 74118 100 1826 24 | LS280 180
r - 100 to 500K CA3160 95 | MC1709G 90 | UPC575 275 ;z:;g 1958 LS50 22 | Ls38 70
SILVER MICA (Values in pF) MK3sse-2m g7 | CA3161 180 | MC3302 75 | UPC1025H 375 S00 45| 153> 22 |Ls2%0 80
2,35, 47, 68,82, 10,12, 15, 18, COMPUTER Miis2800 egs | CAJIGZ 540 | MC3d0t 50 | UPCiisen 205 | 7300 08 [S02 40| [5s3 23 |1Sp0n eSO
22,37, 33, 39, 47, 50, 56, 68, 75, 82 : MMs303 636 | CAJ180 260 | MC3403 85 UPCI182 425} 74,55 73 Ls37  22|1s293 75
, 27, 33, 39, 47, 50, 56, 68, 75, 82, MM5307 1275 | CA3240E 100 | MC3404 85 | UPC1366 195 | 74155 =0 | S04 40| s38 25| Ls294 999
85, 100, 120, 150, 180pF 15p each HA1338W 175 | MC3405 150 | XR2206 375 805 401 s
MM53387A 865 74126 LS40 22 | LS285 130
200/ 220, 250, 270, 300, 330, 360, HA1388 235 | MC3423 80 | XR2207 400 | 74128 55 | S08 40 | 'sap 50 Ls297 850
MM58174 875 S09 40
390,470, 800, 800, 820 . 21p each MM74Co22 420 | ICL7106 675 | MF10 300 | XR2211 575 | 74132 €0 | £° 49| tsa7  75)Ls288 100
2 ICL7107 975 | MFCB040 75 | XR2218 €75 | 74136 3 4 LS48 75| LS299 220
100/ 1200, 1800, 2200 30p each RO-3-2513L 700 413% 8 | sn 50
3300, 47000F 80 RO-3.2513U 650 | ICL7611 95 | ML924 ~ 275 [XR2266 360 | 7 §11 89| vtses sesfisazo 210
] L P ICL7660 - 250 | NE515 275 | ZNdog  teo | 74142 230 LSs1 22| LS322 380
SARS0S0 878 | \cLeoasccaoo |nES2e 225 | ZN4ta g0 | 74143 250 | 520 40| ;S5p 25| 15323 300
MINIATURE TRIMMERS Capacitors SFF9364 800 74144 225 | S22 80 | 354 22 | Usaz2s 140
2-85F 2-10pF 22 SP0256 .~ 475 | (CLB211 225 | NES31 120 | ZN423E 130 | 74145 85 | sao 50
sl P P | 2s8KDram TCJ31014 £13 | [CM7216C £22 | NES43K 225 | ZN424E 130 | 74147 130 | S32 50 } LS55 2218325 150
2-25pF; 5-65pF 30p | Sg501 TMS2716-3v 725 | ICM7217A €11 | NES44 190 | ZN425E 895 [ 74148 105 | 537 so} L3683 52133z 290
10-88pF 38p ICM7224 785 | NES55 20 | ZN426E - 200 | 74150 130 Ls73 28| LS327 200
. 350 TMSa047 10| |CM7od0 300 | NESS6 60 | ZNaz7e @oo | 74is1 80 | S50 4o f'LST4 28| Lssr 120
RESISTORS Carbon Film, miniature, Hi-Stab, 5%. 228 IMS4416.2 355 | ICM7555 80 | NE558 170 | ZN428E 450 ;41 3 70 | g5q a0 li 756: 38 { Ls348 140
4154 135 76 28] LS352 115
RANGE vai 189 100 + 000 TMS4500 €12 | ICM7556 140 | NE560 350 .| ZN429E 240 | 72138 T3u | Se4 40§ 'S78 34113353 88
0.28 202 — 10M E24  3p 1p 27128-250 325 TMS4532-3 350 | LA3550 250 | NESB4 420 [ZN459 815} 74156 g0 | 565 40| tSes . 65| LSass 220
05 202 —4M7 E12  3p 1p | 3242 675 TMS5011 500 | LA4031P 340 [ NES65A 120 | ZN1034E 200 | 74157 75 ono ] LS85 © 70| Ls356 200
W a2 —10M E12 . 2027 05 TMS9914 895 | LA4032 295 [ NES66 150 | ZN1040E 685 | 74159 175 { $85 Lsee 35| LS3ss 140
P P 4116-200n 125 TMS9027  g£14 | LA4400 350 | NES67V 140 | 2NA234E 925 | 74160 90 | 986 100 | ;sep 40| Ls2e4 150
2% Metal Film 51— 1M E24 6p 4p 4164-150n 200 T™MS9928  £16 LA4422 320 1 0 112 150 { 5oy 86 | LS3e5 42
1% Metal Film S1o— 1M E24 . 5p  dp 44162 335 TMSga2g  £18 | LC7130 300 2 0[5 12| tsez  so|isses a2
100 price applies to Resistors of each type not | 4816-100ns ULN2003 75 [ L€7120 300 L993 g5 )Lsser 42
4 110 | s124 300
4864-15 7 LC7137 350 LS95 58| LSaes 42
mixdd. UPD7002 440 5 90 [s5132 80
5514 wD1691 €14 | LF347 120 74166 130 | s133  so | 335, 99115373 - 89
RESISTORS NETWORK S.1.L. £116-150 wm77o £14 | LF351 60 | RC4136D 55 | 7400 22| 74167 200 | S13a 60 | [ :og i LSS;g gg
7 Commoned: (8 pins) 1000, 6800, 1K 2k2, 4K7, | 8116L-120 gso | LF353 80 | RC4SS8 . 55 | 7401 22| 74170 180 (5135 110
L - . ' ' LF355 90 | SAB3209 425 | 7402 22| 74172 390 Ls112 401 1S377 100
10K|47K 100K 1Bp 6417-100n ZBOCPU 25 295 | |-T999 90 | SAnaa7: 4ss | 7403 5| 74175 100 S}gg :;g Ls113 3al|isaze 85
8 Cdmmoned: (9 pins) 1500, 1800, 2700, 3304, 1K, ) Zo0ACrUAM3B0 | Lras7 100 | SAB4209 206 7408 8| 74178 g0 | 130 75 | 13112 38| Lsare 127
2K2] 4K7, 6K8, 10K, 22K, 47K & 100K 20p. 780ACTC 310 | LF398 495 |sGadoz 295 | 7452 3| 74178 80 |sis1 140 | L3122 55| L3380 310
280BCPU g1t | LMIO 325 | SL4%0 300 [ 7457 8| 74177 80 [S153 140 5154 120 | LS384 457
DIODES BRIDGE 75 SERIES 780 DART 650 | LM301A 30 | SLB270CD 150 | 7408 25| 74178 120 | $157 200 | (3125 37| Ls3ss afo
); 780A DART 800 | LM307 45 | SN76227N 95 | 7409 5| 74179 80 | S158 190 | 5156 37 | LS386 50
RECTIFIERS 2808 e8| LM30BT 75 | SN76477 380 [ 7410 5| 74180 85 |S162 300 | 3135 52| Lsase 6o
LM311 80 | SN76488 528 | 7411 S| 74181 230 | S163 300 | 5133 44 | LS393 48
75107/8 Z80DMA 785 Ta1s 1 2 b+
LM318N 150 | SN76489 400 74182 174 250 [ ;5435 28 LS395 100
Z80ADMA 925 7413 5| 74184 160 175 300
280 PIO LM319 180 | SP8629 350 LS136 35 | LS396 195
250 7414 0| 74185 160 188 180
ZBOAPIO 315 | LM324A 45 | SP0256AL 425 | 7416 5| 74190 117 185 205 | LS138 48|Ls3ss 185
9637A 50 | z8osio1  aso | LM334Z 125 [TA7120 120 | 7417 5| 74197 140 | 5153 223 [ LS139 48 |LS3g9 115
A LM3352 130 | TA7204 150 | 7420 5| 74102 181 LS145 " 90 [ LS445 125
M26LS31C 125 | ZBOASIO  £9 . 187 300
AM26LS32A 125 | 280ASI0.2 g9 | LM337 250 | TA7205 90 | 7421 0| 74193 110 | 3357 390 | LS147 130 | LS4a7 75
wime o |mvmoase |7l 30| fas T |98 300 1S vs| Lo 1
LM348 80 | TA7310 120
GsshrC " 689 | AVaIors 500 b g | eens o |72 S| e o G 5B bS8 ieo i
6551ACIA AY-5-1013 300 il LM358 50 | TAA700 275 | 7427 0| 74 190 | s2a1  a7s S84
198 LS155 55 | LS624 155
cD4a724 555Cmos LM377 210 TAASOO 395 | 7428 01 74198 190 | S244 475 LSi156 55 | LS629 120
50 | LM379 495 TAB1042 110 | 7430 2 | 74221 5 251 225 L8157 47 | Lse40 150
709C8pwn 35| LM3so 80 | TAD10O 159 | 7432 91 74248 125 | S257 225 | 3120 48 | USeq; 140
e r 710 50 | LM38IN 175 | TBA120S 70 | 7433 51 74247 120 | $258 225 | 8130 60 | LS645 195
s | Bvics 56 741 8 pin 16 ] LM382 190 | T8A920Q 200 | 7437 9 | 74248 145 | S260 70 | 'S1g1 g0 eea 87
b 1 747C 14 pin 60 | LM384 225 | TBASS0Q 350 ;ggg 9| 74249 172 | 5262 €10 | (S15; 60 [Lsees 85
8 748C B pin 35 | LM38e 90 | TCA220 350 | 7503 5 ;25‘2; 133 287 200 | |S163 60 |LSe70 150
H DS3661N 350 | 7358pin 185 | LM3s7 200 | TCA270Q 350 | 7447 5 | 74563 75 | 5288 180 | 1Sie4 70 |LS673 850
a DS88L5120 810 160 | LM389 160 | TCA280A 220 {7443 5 | 74265 €0 gggg ggg LSi65 95 | Ls674 850
Ml ZENERS DS8a20 9400CJ 375 | LM393 85 | TCA940 175 | 7444 100 | 74273 150 | 5395 a0 | L5166 88 |LS678 275
: - ADCOB08 1000 | LM394CH 380 | TCA965 180 | 7445 100 | 74276 150 | 8373 375 | LS168 138 |LSes4 300
.- - AY-1-1320 225 | LM558 170 | TDA1004 350 | 7446 100 | 74378 150 | £373 373 | LS169 90 | Lses7 300
¢ | Range: 2v7 10 AY-1-5050 99 | LM725CN 300 | TDA1008 310 [7447 S | 74279 . 75 | 2312 aso | LS170 120
7 | 30V a00mw AV-1-5051, 160 | LM733 85 | TDA1010 220 7438 B 1 74283 110 [ 3476 325 | L3173 80
4 Bp each AY-16720' 210 | (M1ass 35 | TDA1022 400 |7439 5 | 74284 300 | 477 oo | LS174 €0
12 | Range: E e AY-3-1270 720 | LM1871 300 | TDA1024 110 |7423 S | 74285 310 | 5472 400 | L5175 60
12| aaviaw AY-3-1350 350 | LM1889 400 | TDA1034 350 |7434 s | 74286 90 | 8474 400 tg:g’ :gg
1 15p each AY-3-8910 390 | LM2907 395 | TDA1490 350 |7460 5 | 74290 85 | Su75 425 | L5183 7s
o Booklet for LM2917 300 | TDA2002 825 |7470 4B | 74293 85 | 5577 300 | 3197 58
4 AY-3-8910 150 [ LM3906 70 | TDA2003 190 {7472 35 | 74297 165 15573 450 | 'Sia2 75
8 AY-3-8912 430 | LM390SN 85 | TDAZoos 230 |7473 40 | Tazoe 1%8. [S103 75
] Av-5.1317A 620 | LM3311 185 | TDA2006 320 |1374 36 | 74351 175 1S194 70
40 | 7475 4B | 74365 €8
5 HDE3A03RP 700 | AY-5:1350 366 | LM3214 300 | TDA2020 320 {7332 40 | Ta3es -e8 LS195 60
o HMB6a5SP 755 | CA3011 130 | LM3915 345 | TDA2030 190 |7480 50 | 74367 68 LI (5196 75
M402 g0 | CA3012 ~ 175 | LM3916 300 | TDBO791 420 |7481 175 | 74368 €5 1S197 75
INSB808ON 1250 CA3014 275 | LM13600 110 | TL170 50 |7482 90 | 72376 117 L8221 65
MC1488 CA3018 85| LS7220 280 | TL497A 185 [7483 85 | 74300 100 [LS0O - 22 {iS240 80
MC1489 70 CA3019 90 | M70681 150 | TL507 110 }7484 100 | 74393 103 [ LSO! 22 | Ls241 80
MC14411 CA3020 210 | M51513L 230 | TL509 110 {7488 198 | 7aa26 85 |1S02 22 [ (5242 80
MG14412 Ch3023 210 | Msi515L 320 [ TLoeice 40 |Taee 170 | 74490 g9 [LS03 22 §ls243 80
MCa42 CA30284 110 | M51516L 475 | TLOG2CP 60 | 7490 LS04 22 fls2a4 70
2Na444 MGo435 A303S 255 | MB3712  200. | TLOB4ON 85 | 7491 22 | 15245 88
MC3447P CA3036 270 | MB3756 440 | TLO71CP 40 |7492 32| e
VARICAPS MO3486 CA3043 275 | MC1204 250 | TLO72CP 70 | 7493 22 | Ls249 100
MG3487 CA3045 365 | MC1301 90 | TLO7TACN 110 [7494 22 | (Shs1 55
IME402 CA3046 70 | MC1310 135 | TLOBICP 30 (7485 5 50 25!
7496 72 | 74C2441 Lst12 22 [ LS253 70
MCBBA5 CA3059 325 | MC145106 695 | TLOS2CP 55 | 1490 170 | 74245150 |is13 L8256 90
MCB846 CA3075 215 MC1455 50 | TLO83CP 75 | 7410 195 | 74C373180 LS14 50 | LS257 55
CA3C80E 65 MC1458 35 TLO84CN 100 | 74104 88 | 74C374 425 LS15 22 | LS258 55




: : Cog
~SWITCHES DIP SWITCHES VERGBOARD otin | Combe .~ 5P 1DC CONNECTORS anEL RELAYS
TOGGLE: 2A, 250V (SPST) 4 way 85p; 6 way 80p; B way 85p; | 2lx3%  BSD | coppe sosp FSD ini losed, PCB mount
SPST35p DPDP 48P 10 way 125p (SPDT) 4 way 190p g& :g% “ o= . PCB IPlughs Eam;le rgmage 0 X 48 x 35mm Miniature, enclosed, .
4 ith  latch Header Car
SPar oo sep 3% x5 128p | Veroblock . 4899 Pins Pins  Phug Edge et SINGLE POLE Changsover
SPDT.c/over  64p ROTARY SWITCHES 3% x17 420p | B readboard St Angle Conct o RL-91 205R Coll; 12V DC, (10V5 to
SPOT centre olt 85p (Adjustable Stop Iype) RO+ 580p o-s00uA 19.5¥), 10Aat30VDCOr280VAC 198p
i lef2 106 way.3 pole/2! co VQ Boar 10 wa esp 85p 85p 100p
e e o lﬁililgglilzalyog?ay/ B3 DiPBoard  3esp [ Bimboardt  s78p | (ZWEY SOF S0 eon = o-sma . | DOUBLE POLE Changeover, 8A 30V
DPDT6tags  80p Vero Strlp___ 98p | SuperstipSS2 0way S0p %op 95p 18sp | TlomA OC or 250V AC
DPOT centre off 88p VERO PINS per 100 WWE— 26way  105p 110p 115p 230p | "5 RL-11353R Coit, 6V DC(5V4 t09V9) 190p
DPOT piased both ROTARY: Mains DP 250V 4 Anip onsort  88p Single ended  55p Spot face 34 way 115p 130p 135p gggp 0-500mA RL8-111 205R Coit, 12V DC (10V7‘ :’59
ways | 14s5p Double ended_ 80p | Zhi. o) s0p 40way  140p 145p 150p P | 5 1A 19V§1) 740R Coll, 24V DC.(22V 1
DPDT 3 positions Wire wrape S/E155p " > 50 way 165p 170p 173p 350p RLB-114 ,
onfor/on - 185p | ROTARY: (Make-a-switch Wirowrape0/E288p | TINSOMOn | | 6ouay 198p 210n 226 49sp | $2A Ty 200p
4-pole 2 way 220p Make a multiway switch. Shafting assembly VERO WIRING PEN " LORIDE 0-50V
; has adjustable stop. Agcommideg?’s unt r||;’ VERO WIRING :f::ag Er::wdrvus O-300VAC  485p
I.IDE 250V: 6 wafers (max 6 pole, way switcl | 380
npgr 1A 14p Mechanism onty 90p 2:2& ssppo%‘: 315: 125 : 5°E” "": EURO CONNECTORS é\SI Egs‘ld)}l*iF MODU LATORS
tandar: Z
g:gl ‘1/:;';/0" :5: gg;’? E.SSpno!s + o RESIST PEN Sold Flashed Fomale Soche! Mo STALS | Wideband 8MHz . 5509
WAFERS: (make before break) to fit the ah'a';g combs 590p | Plussparetip 100p fs ‘Pra Pins Phs |- CRY!
SHBUTTON 6A switch mechanism. 1 pole/12 way; 2 pole - o CLAD BOARDS | DIN41617 .
wpixw 10mm Button way; 3 pole/4 way; 4 pole'la way, 6p/2 Way egp COPPER CLAD BOARDS %:Nvﬂymz 125p — — 175p ?50725'1(#41 1% B
SPDT latching 150 Mains DP 4A Switch to fit ] " N .
DPOT alching 200p |  Soacers 4p. Screan 6p. Fiore  Single- Doutle 2x32A+8  200p — 175p1esp | 200Kz 37 | miniature, solia'state6v:ova 12v  70p
DPDT moment 200 Ay
i ¢ ey 1oop 120 2x32A+C  225p — 185p210p | IMHz 283 | PIEZO TRANSDUCERS PB2720  70p
Mini Non Locking ROCKER SWITCHES | Sux12  175p 225 | DIN41612 3 x32 1.008M 3;5
Push lo Make 18p~ ROCKER: 5A/250V SPST 28p CONNEGTORS A+B+C 280p 290p 295p 300p :g?‘hﬂlﬂl 208
Push lo Break 2Sp ROCKER: 10A/250V SPOT 38p - K z |
ROCKER: 104250V OPDT c/off 85p DIL SOCKETS A" a8 DIL PLUG (Header) 1.8MHz 545 LOUDSPEAKERS *
DIGITAST Switch ROCKER: 104/250V DPST with neon ~ 85p Low Wire| 2:6way — 759 Solder IDC' | piBBON caBLE | 1B¢32M 20| I
Assorted Colours 8 pin PgJD' V;lg!pp 2:}: ::; — :::: l4pin 40p 95p price per foot ggy;élM g(:)g 2in, 3ain, 23%in, 3in 8op
75p each i s 16 pin 45p 100p ' 2%in 400, 840 or 80f 80p
. THUMBWHEEL Mini front mounting swuc»es lapin 100 ig: avewey 175p1s0p | S BN 2R 1028 Grey Color | 312MHz 2% R 200p
Decade Switch Module 2 Jooin 1ep Bap| Z22ver 20091700 | Go T 150p 200p | 1o way 15p 28 Vit o5 ] 7"x5" 80 . 228
e e oain -,5: 20pin  20P S0P | pasway 250p2sp | 40 Pin 200p 2555 |16 way 255 gob | aeseam 300 & x5"aa 250p
22 pin P P | 2x28way 180p — 4.0MHz 1
24 pin  25p T0p 280p — 24 way 40p 85p | 4055y 290
JUMPER LEADS (Ribbon Cable Assembly) | 55 hin  28p 80p| 230%aY 260 — ZIFTEXTOOL |28way 550 80p | 49o2n0m 189 MONITORS
Length 14 pin 16 pin 24 pin 40 pin 40 pin  30p 90p ” a20p — DIL SOCKETS |34 way 60p 85p 4.433619M 100"
£/SMOKE a P 210 way, 3209 40 way 70p 90p
DETERTORS o " sy i 85p Babp " 380p Zadvey w0 2 | 2epim 550p| 50 way 100 1350 | +S0oM2 290 | @ ZENITH — 12" Green, Hi
. 24 inches P P P X75 way p - 50 ! z "
Double ended DIP (Header Plug) Jumper S SOGKET 01" P 20 way 657 33 ::: :oo: 84 way 120p 160p 5.0MH1H ; gg Resolution Popular £70
TGS812 or 12 inches 198 21%h 3MSp dew . - 22085 399 | ® MICROVITEC 1431. Standard
s eac Soimes  200p srop 4dop s28 ANTEX SOLDERING IRONS ‘D’ CONNECTORS | &Mz 140| Res, Colour RGB input
h 38 inches 200p ar70p 480p 525p
£6 eac w s25p; CS17W  545p 9 15 25 37 | giaaMHz 140 14" incl cable e185
Holders for o el e i~ 28 pin 54 pin 660 | clow SS0p; XS2aW  570p woy way way way |gssaeMbz @ 225| 1451, 147
in n n i .
above 40p Singleended  180p 200p 260p 300p | SpareBits  8Sp; Elements  230p Male ssp 8op 120p t50p | 1OMHE 150 MICF}OVITI':'CZI " €226
Doubleended . 280p 370p 480p 525p onStend _ 175; HeatShunt 30p | Solderlugs  SSp 80p 120 150 TieeMHz 175  Medium resolution
VOLTAGE REGULATORS SOLDERCON PINS PCB pins 100p 100p 180p 250p | 7.68MHz 200 | ® KAGA 127 Mec'}res RGB
1A TO220 Plastic Casing Ideal for making SIL Female 8.0MHx 140 Colour. Has flicker-free charac-
TRANSFORMERS +ve —ve SrbiL Socketa | | Boderude  90p, 1200 1900 2T 5089333M 3951 ters. Ideal for BBC, Apple, VIC,
-0-3V; 6:0-6V; 9-0-9V; 12-0-12V; 15015V @ SV 7805 45p 7906 sop 100 pins o pi Y otc £225 (car £7)
?c?o?n\ﬁ & 130p 12V 7812  45p 7908 ggp 500 pins 195p | PCB pins 100p 125p 195p 355p ?gg%:i %gg © KAGA 12", As above bu(l
. Miniature, Split bobbin 18V 7815  45p 7912 P 85, . .
A mgi'é'\':'fé’zsA""zfév;oﬁ s zavotan | lev Tole e 7o cop Covers 5P 70 70p 8Sp | 102aMHz 200 Ty posolution  €31D (car £7)
* 2x16V/0 ! 1DC 25 way ‘D’ Plug 385p; Socket 450p | 10.7MHz 150 ing Lead for KAGA
VAL 7924 50p ALUM BOXES Yy @ Connecting Lead fo
SVA: leV/O.SA. 20V/03K 21 2V/°25A 100mA TO92 Plastic package 3x2x1” 55 12.0MHz 150 €3
2x18V/02A 5V 78LO5 30p 79L05  45p 4x2%x2* 100 - 12.528M 300
Standard Split Bobbin 'ygv 0.4A  2x12V /o an; 6V 78L06 30p - = 4x2% X 27" losp 25 way ‘D’ CONNECTOR (RS232} 14,3;'1814M :;g Carriage £7 Securicor .
eiEvicage o BV - v T S oLz amy xaxow }333 18" 1 'améﬁal': e.:dcﬁ::; Assambly a75p | 10oMs 200 HONE
- L1230 1 x n 1
TEVA: SRt SVAS, 2IOVIA ZOVIOSK 2112 1 e s0p 79015 45p Sx4x1%"  99p | 18" long, Single end, Female 510p | 18.0MHz 10| BT TELEP
O8A; 2x15V-04A; 2x20V/03A 345D 350 P&D) | 107660  245p  TAABSO 50p | 5x4x2% 120p | 36" long, Double Ended, M/M o95p | 18432M 150 CONNECTOR
24VA: 1X0V/1.00: 2X0V/1.24 2x12V/1A 28V | Reatos 375p TDA1412  150p | 5x2%x1%" 90p | 36" long, Double Ended, F/F £10 | 19968MHz 150
0.8A; 2x20V/0. 385p (60p pAp) | poiiog 180p  78HO5+5V/5V5S0p | . 5x2% x 2% 130p | 36" long, Double Ended, M/F 005p | 200MHz - 150 e b a3 }
SaiSReeena BRI | DA S ARIRE ) mh % 30| VA Mnmtan 2%
P x4 x
A: Om uls +5V/SA. +12V, +25V, —5V, TBHGHEVIO+25V/EY | 7x5x3”  180p AMPHENOL CONNECTORS 26.69M 150 | LIU2/4A  Line Master 370p
v aA” 620p (800 pap) | Lhiaipkp 3283 58 550p | 8x6x3"  210p 10C SOLDER [ 27.648M 170 | LIU2/6A  Line Slave 250p
100VA: - 5t 2v/4A; 2x15V/3A; 2x20V/25A | | 'Masik 450p  79HG-5V 10-24V/5A 10x4x3" 240p | 24 way IEEE plug 485p 480p | 27.145M 180 | LJU3/4A  Flush Master 370p
2x25V/2A; 2x30V/1.5A; 2x50V/1A  085p (750) | |33z 175p 785p | 10x7x3" 275p | 24 way IEEE skt assp asop | 38.6667M 240 | LJU 3/6A  Flush Slave 240p
P&P cherge to be added over and above our nor- LM723 Var 30p 12x5x3"  280p | 36 way Centronics plug 375p 390p | 48.0MHz 240 | LJU 10/3A Dual Splitter 550p
ma! post?l charge 78840 225p 12x8x3" 295p 36 way Centronics ski 480p 430p 100.0MHz 295 4 WAYBT Plug e5p
CMOS 4075 25 | 4543 70 .
4076 70| 4548 40 oPTO Turneopin | SPECIAL OFFER SPDOS
4000 20 | 4077 25 | 4549 400 ELECTRONICS Low Profile +
pradi 28 | 2080 35 | 425 b giofessional 1+ 10 The only professional Disc Interface for the
4002 25 D
4082 25 | 4555 35 LEDs with clips 8 pin 20p Spectrum Micro.
proRI L P 60 | 4556 55 | TIL209 10 2 on 25p|2764-250nS 220p 205p P
doy . a5léss  Gofassr 280 | Tiatieen 14 |- tepm 30p SPECIAL OFFER THIS MONTH
: 4089 125 } 4558 120 | TIL212 Yal. 18 pin 35p .
G N B R - M 13| 300 % 27128-250nS 325p  300p for ONLY £75 18
. 4094 70 | 4560 150 | 2" Green, Yellow or pin P .
préf oy 25 | 4095 o5 | ase1 104 | Amber 14 24 pin 45p|6116LP-3 185p . 150p
4013 35 | 4086 100 | 4562 350 | 0.2 Bi colour 100 28 pin -’;g: h .
4097 275 | 4588 160 | Red/Green p g
o1 o 82| a0se 80 | 4568 280 | GreenYellow 115 6264LP-150nS 420p 405p BC M ICRO
: 4099 110 | 4569 175 | 02" Tri colour
prii] 55 | 160 o5 | 4572 45 | Red/Green/Yellow 85 COM PUTER COR NER B
4018 60 | 4161 86 | 4580 255 | Hi-BrightnessRed 58 y ESSI NG
4019 eo | 4162 968 | 4581 125 | High-Bri Green or ® EPSONFX80 Printer ... wo R DPR
4020 8o | 4183 96 | 4582 99 | vel 68 ® EPSON FX100 Printer .
4021 80 | 4174 96 | 4583 100 | Flashing red @ EPSONLX80 Printer | PAC KAG E
4022 70 | 4178 108 | 4ced o5 |82 el cbe Rea ® CENTRONICS (NLQ) Printer. £110
:ggg ; 23 4408 850 | 4597 330 | Green, Yellow 30 ®  KAGA/TAXAN KP810 Printer. A complete wordprocessing package (which can be
4025 25 | 4400 850§ 4599 185 | Rectangle Stackable ®  KAGA/TAXAN KP910 Printer. heavily modified to your requirements, maintaining large
4026 . 90 | 4410 725 | 40085 90 | LEbs ® BROTHER HR15 Daisywheel discount). We suppiy everything you need to get a BBC
4027 45444 208 | 4oo0t 25 | Foo Green rfotow18 Micro running as a word-processor. Please call in for a |
4028 45 ] 4412 805 | 40098 42 | Triangular LEDs 18 Cable for above printers to interface with BBC Micro................ £7 de‘r:n gn;’::(ll':)% a P! - |
4415 590 | 40100 215 | Red .
:8§3 ;7;55; 4419 280 | 40101 130 | Green or yellow 22 ® TEXEPROM ERASER — Erases up to 25 Eproms. Has a built.in Example Package:
4031 | 130 ] 4422 770 1 40102 140 | LD271 Infra Red 48 safety switch - BBC Micro, with DFS Interface, Wordwise, Twin 800K
4032 | 8514435 850 40103 412 | 5PH205 Detector118 ® SPARE'UV Lamp Bulo Disc Drives, 12" High-res green monitor, Brother
4033 © 1304430 900 4010 a9 |mid2imraRed 52 | o G12Computer CASSETTES in Library cases.. HR15 Daisywheel printer, Beebcalc & Database software
:ggg ';8 4421 350 | 40108 80 | TIL38 50 ® 8%"&9%" Fan Fold paper {1000 sheets) .............. on Disc, 10 3M Discs, 500 sheets lof paper, 4way mains
' ili ket, manuais and all cables.
2036 | 250 | 44%0 a50 [ 40107 55 [ TIL100 75 trailing socket,
! 4500 385 | 40108 325 | BARGRAPH. Red 10 Securicor Carrlage charge on printers Is£7)
' toon - 132 as01 40 | 40103 100 | segments ¢ On ly: £999
4039 . 280 4502 o300~z {SOLATORS CALLINATOURSHOP FORA DEMONSTRATION ON ANY OF THEABOVE
4040 80 |450%  eol st 2301 ire 75 | (TEMS. BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OUR
toay | Blasos  3so|aotes 75 |io7e 148 DESCRIPTIVE MICRO PERIPHERALS LEAFLET.
4043 a5 | 4506 100 | 40174 75 | ILQ74 275
4507 45 | 40175 75 | TIL111/2/4 70 1/,
ioae  1%%]3s08 130 | 40187 220 1LCTe Dariington 138 . st{: BDBRC“I“E'S BBC & MICROCOMPUTER
4046 &0 | 4510 55 | 40182 80 or the icro
; 4511 55 | 40192 75 | 4N33 Photo
2823; gg 4512 55 | 40193 95 | Darlington 136 & Acc ESSORlEs ‘
4049 40| 4513 15040194 70 (All Drives are supplied cased with - |
i 4514 115 | 40195 75 | 7 Segment Displays vy . .
s 1 33| asis 115 | 40244 196 | TILB12.3°CA 120 Power Supply and Utilities Disc BBC Mode! B Only £299 |
-2323 % 32}? 2?? 2822? :g: Rll:g;:li g 82 138 ® £S200 — Epson Single 200K, 40 track Double sided * We stock the full range of BBC Micro peripherals,
4054 85 | 4518 5040373 220 | TIL322 5 CC 140 Hardware & Software like, Disc Drives (Top quality |
4055 8s | 4519 35| 40374 . 220 | T11729/730 140 ®  CS400S — Mitsubishi Single 400K, 80T, Double siced . Epson & Mitsubishi), Diskettes, Printers, printer, |
4056 85 [ 4520 $5|4st0e B8 jOL7os 3 CC 125 40 raCK SWILCRABI. ... ... e eeereeseeeeeieeneeeea s £130
40! 4521 115 DL707.3"CA 125 TBCK SWHCNADIE. - o oo e Do Paper, Interface Cable, Dust Covers, Cassette
40% ‘ ‘228 pror R opro NDaoT Red }§8 ®  CB400 -~ Epdon Yein 400K, 40 track. Double sided Recorder& Cassettes, Monitors, Connectors (Ready
e si9|4sz a5 |OReiz s |3creenca 1% | e made Cables, Plugs & Sockets), Plotter (Graphic
4082 1 gme | 4828 e ohree s |G GreenCA 218 Tablet) EPROM Programmer, Lightpen Kit, Joys-_
:823 32 :ggg ‘:g Sﬁifzﬁ 320 g f-. IGr:enCA 150 ®  TWIN Disc drive case with Power supply ticks,' Sideways ROM B.oard, EPEQM Eraser,
4067 | 245 | 4531 120 | TIL139 225 [ LCD 3% 496 and Cables to house your own drives............ e e .00 £38 Machinecode ROM. The highly sophisticated Wat-
4068 25 :ggi 322 tggé g;g::: :gg [ ) .AII Sm'gle Drives wn; :Qwer supply are supplied in a twin case lor later ford's 16K BEEB DFS, WORDWISE, BEEB-CALC,
priesd 2|4 2% Reflective Swich 225 inclusion ofa S S ecuricor Garriage on Drives £7) Software (Educational Apphcat:ofn & Games),
8 SLOTTED Optical .
prid] 25| 225 b+ Soneh s @ DISC INTERFACE KIT complete BOOKs, etc, etc, Please send SAE for our descrip-
4073 25 | 4541 EL] Comp.'s ©  DFS Manual (comprehensive) (NO VAT) .. tive leaflet.




TRapid
Electronics

Unit 1

Hill Farm Industrial Estate
Boxted, Colchester'
Essex CO4 5RD

Telephone orders 0206 36412

BREADBOARDS

LINEAR 1CM7555 LM386 SL486
LF347 LM387 SL490 )
555 CMOS LF351 LM393 SN76477 ol are wini polyester 83 OC type.
LF353 LM710 SPO256AL2 usefut for quick construction of 1n, 2n2, fnT. 10n, 22;, p.1 : n,
LF356 LM711 Data on above electronic circuits without 100n, 6p; 220n, 9p; 470n. 13p.
LM301A LM725 soldering. All sockets are ona Etectrolytic. Radial head type.
e mg}; m;:; 2. 54r!;m pi;ch en:bling DIL' 1u, 2u2‘YAu7 @ B3V 5p; 100v. 22u @
circuits and a wide range of ; ; 100u 25V 3
AY-3-8912 430 LM324 a0 Midse 35  NES556 45 TCA940 §5  ZN423 100 Components 10 be plugded §3§u5;’g¢7.”,§?‘4’7?.’; 16V 189, e
CA3046 60 LM334Z 85 LM2917 170 NES65 95 TDA1022 270 ZN424 70 in to the board. The conlacl patlern contains lwo separale conact groups each of 1000u t&V 20p; 1000u 25V 30p;
CA3080E 65 LM335Z 130 LM3909 85 NES66 95 TLOS1 40 ZN42SE 340 rows of 5 interconnected contact sockets. Bus slrips are provised for power use 2200u 16V 34p; 2200u 25V 42p.
CAN30E 75 LM333 40 LiM3914 190 NE567 100 TLO62 65 ZN426E 200 Ali conlact posilions are clearly marked on an alphanumeric grid Supplied
g:g;:gg g tmg;g :g tuﬁgégo || g mggm ?gg }tg? o!zn ENNA!;?E $80 comptete with approx. 20 layout sheets. Two sizes are available: ;anlal;m‘,bﬂid-@@ 25V 8p: 202 0
1 71 1 3 42| 435 1u, 0.47u, 1u P
ICL7106 630  LM377 210 MC3302 75  NESS32 160 TLO72 55 ZN435E 360 fength idth e poil max .16 ; 25V 8p; 4u7 @ 25V 8p; 10U @ 25V
i ICL7611 00 LM380 80 MC3340 130 NESS34 105 TLO74 105 ZN44SE 525 ot wia tie points rows pin devices prices 14p; 22u & 16V 18p; 47u & 18V 40p.
i ICLB038 395 LM38! 130 MFI0CN 330  RC4136 65  TLOB1 28 ZN459 190 80mm €0mm 390 29 395p Ceranic disc 50V
] ICLB211A 200  LM382 130 MLe22 415 RC4558 45 TLOB2 a5 ZN1034E 190 172mm 65mm 840 64 7 695p 100p-10n 3p each; 100n 25V 6p
BC214L 10 BDI31 40 MPF102 40  TIP42A 45  2N2904A 28 MICRO FIEei 0 &os % 8% 320 CONNECTORS
8C237 5 BD132 40  MPSA12 20 TIP120 60  2N2905 28 6116LP3 150 €809 600 6551 40 PCB PCB
BC238 5  BDI39 35 TIP29A 35 TIP121 60 - 2N2905A 28 f 2716 310 6264LF15 320 6810 140 80B5A 320 plug  plug Edge
i AC127 30 BC148_ 10  BC327 6 BDI40 35  TP28C 35  TIPI22 60 - 2N2907 24 § 2532 380 4164-18 160 6821 130 8156 280 st fang. skt conn
AC128  30{ BC168C 10  BC328 € BF180 35  TIP30A 35  TIP29S5 70 2N2907A 24 || 2732 onelime dasels, 3% o0 0 g 350 t6way 80 85 90 —
: ACi76 25| BCI71 10 BC337 6  BFesdB 35  TIPAC 40  TIPa0ss 60 2Nzoes 1o | Prosrammable, . ZBOACPU 270 9350 je5 223 370 Q] 20way 9% 85 90 —
AC187 25| BC178 16  BC33%® 14  BF337 35  TP3fA 35  VNIOKM 65  2N3053 28 f 73 280 Z80ACTC 270 6875 500 839 200 26way . 110 110 105~ —
ACi88 2s{ BCi79 18  BCA77 22  BFRS0 23 TIP3IC 40  VNAGAF 84  2N30s4 55 [ 2764-250 240 ZBOASIO 700 6880 100 MCi488 60 34way 120 130 130 165
BC107 10 BC182 10 BCa78 22  BFX85 30  TIP32A 35  VNGGAF 110  2N30ss 50 [ 2764-BBC 240 ZBOADMA 700 6502 370 MC1489 0 4Oway 140 150 145 —
; BC107B 12| BC82L 10  BC479 22 BFX88 30  TIP32C 40  VNSBAF 120  2N3702 9
gggg 10! BC183 10 BCS17 30  BFYS0 25  TIP33A 65  ZTX109 11 2N3703 10 Y
; 108C 12| BCISL 10  BC547 s  BFYst 25  TIP33C 75  ZTX300 14 2N3704 9
BC109 10| BC184 10  BC548 5  BFY5s2 27  TIP34A 70  ZTX500 13 2Na705 . 10 HARDWARE CB EQUIPME! <
BC109C 12| BC1s8eL 10  BCS43 10  BRY3 50  TIP3C 80  ZIX502 18 2N3773 195
BC140 29| BC212 10 BC5S7 5  BSY9SA 30  TIP3SA 105  2N2221A 25  2N3819 32 || PP3batery clips 6 &i;‘:ﬁ;; comprehensive range of ¢
BC1a1 30| BC212L 10  BCSS8 §  BU208 170  TIPAsC 125  2N2222A 20  2N3866 90 § Red or black crocodilo clips 5 g PCB drit 75 .
BCl42 28| BC213 10  BcY70 16 MJ2955 99  TIP36A 115 2N2369 18 2N3904 10 [} Pair ultrasonic transducers age [ Exeoflelant 12y FOB 1040 Plain fibre giass board
BC143 30| BC213L 40  BCY7t 16  MJE340 50  TIP36C 130  2N2646 60  2N3906 10 20mm panet fuseholder 25 E".‘I"" J"f,“,’ by B dri 1250 ain fibre gf o8 Cinge  double
BC147 10| BC214 10  BCY72 16  MJE30SS 70  TIP4IA 45 2N2904 28 2N5457 30 6 0r 12V electronic buzzer 65 il sbf“ O o we \ 1880 PO Sidod
66mm 8 ohm min. spaaker 70 [ Yarale spced o P % 100 x 160mm o e
66mm 64 ahm min, speaker 7s J 08 1.00r1.4mm drills 100 x 160m
B g . 21 Phato-etch PCB (Professional quality) 233.4 x 220 160 178
COMPONENT KITS 12 way ‘chocolate block ession e 203x 95 80 %
il Ul
camon - Red or amber panel neon 28 s"’gd nd 503 % 306 200 272:
rbon film ) ] ) )
Our companent kits offer a considerable saving whan buying a complete range of 100 x 160mm 180 200 Etch resist pen P
1;4w g:/; :; :m- 14 m gp ;g Compon;“s_ IdeaNy suited for re-stocking elc.g vine i 9 . 2334 x 220mm 560 640 Full range of PCB transfers also avaitable
. 79hm-: 2 —_
Mt e ® 0.25W Resiator kit. Contains 1000 0.25W 5% resistors from d.70hms thru 10 10M oy 305 x 457mm 1180 1320 566 Catalogus .
Quantities depend upon popularity i.e. 10X10r, 30X470r, 30X10K, 25X470K.  Just £7.90
b | VERO | | RIBBON CABLE |
Ceramic capacltor kit. Total of 240 miniature ceramic capacitors from 22pF thru to L + sid VERO ON CABLE
Q.uF. Just £6.80 each -Ow cost side cuiters 180 G foot 100ft reel
Verobeavd Size 0 1n matrix ey per
Pnlyener capacitor kit. Total of 110 miniature polysster capacitors from C.01u to Low cost piiers 180 25% 25x375 o5 14 650
Just £6.90 each S:c"e] ‘:2 at:°"‘|’ et 375 x 5 120 375x17 390
o Hldul efectolytic kit, Total of 93 miniature radial electrolytics from 1u 63V thru to 2200u e . oy @ seen similar 475x17 495 VQboard 190
1A 50V 2 200V 16 Justezs0each | g wire st
ipper 180 Veropins per 100
1 : fggz g E: }'88‘\5 ;g Pmu kit. Total of 110 miniature horizontal mounting presets from 100R thruto M. Just | Automatic wire strippar 590 single sided 56  double sided 65
1A 800V 38 6A 400V ss A [000each Light duty cutters 380 Spot face cutter 150
BLES GO RELAYS SOCKETS NEW CATALOGUE
78L05 30 LMogsk 660 Ultraminiature SPOT refa .
i elay rated 2A
igb'.":gi %?7:: :I:‘q (I;;;zfyz s ?‘;t:: gg '531702? ;g Gor12v Low Wire Our new fully illusirated 84 page catalogue is now
Speaker cabie] - 10p/M 7805 a0 79012 50° Ultramniature DPDT relay rated 2A profile wrap available. Contains over 3400 stock lines at the
Standard screened 16p/M 7812 a5 79015 50 or 1 0 8 pin 4p most competitive prices in the market We now sell
Twin screened 24p/M 7815 a5 7905 a5 Miniature refay SPDT rated 10A 14 pin 70 more components that all the other mail order
3 core 2.5A mains cable 23pm | M3i7k 220 7912 45 or12v 160 § 16pin 8p companies put together! When you have our new
Four core screlened 35p/M LM3177 90 7915 45 Miniature relay DPDT rated 5A 18 pin 9% catalogue it's easy to see why! Price jusi £1
P
H LM323K 420 78HOS §50 or12v 20 pin 10p including postage (includes £1 discount voucher) or
: ;i g‘: :g: free with orders over £20 in value. Send for your
" t
N DIODES AUDIO CONNECTORS 28 pin_ 14p 100p fJ  COPY NOW!
i 40 18
= R RS G AVAILABLE NOW
2 am eeh 11 4 DA47 10 1N4002 5 2pn 8 8 25mm 10 9
or Smm gr b OA90 8 1N4006 7 3 pin 13 13 35mm 10 9
3oromm zﬁ::w 3 onot LA \sed! 2 Spn 4 13 ok N R 1813 25 LS4z 60  LS95 50 LS157 35 LS193 85 L8278 55
. smmsuperbrignt 30 ez 40 | a200 B 1hsacd N Phono 10 14 Stereo 25 25 IR  (sisa 35 4sés 65 Lse6 75 LSise 35 LS195 55 (Sere 50
Smm tricolour 30 TH38 35 5 4 BOmiA H 4mm plugs and sockets red or black i LS15 20 LS73 a3 Ls122 45 LS161 55  (S221 70 LS283 60
ILO74 o5 Tize 40 R NS4 4 dCNW e 3 Plugs 12 Sockets 12 LS00 18 Ls20 20 LS4 25 L5123 45 LS163 55 LS240 65 S35 40
Q74 185 TIL100 75 zeners 4mm terminals 36 LS01 20 LS21 20 LS75 LS5 3 LS164 55  LS241 60  LS386 40
MOC3020 180 ORP12 85 L502 20 LS26 20 Ls76 30 LSi126 38 LS166 85 (S242 60 LS37T 40
< Gisplays ONNECTORS I 15y 25 way 37 LS04 18 Ls27 20 LS8 28 L8132 45 (5170 100 LS244 5 LS37T3 60
Seven segmentosplays a5 f o e Jay 15wy 23way 31 way m Black ABS with §  LS05 20 LS30 20 (S83 45 LS138 38 L5173 45 iS245 55 LSd74 60
0.3in commonjanode or ug solder lugs lid and screws Lso8 20 LS32 20 - 1S85 50 15139 38 LS174 45  1S247 60  LS3I75 40
0 5in commonlanods of catnode 100§ Rt angle PCE plug 55 '3" 2““ 25" LS09 20 LS 20 LS86 22 LS148 100 1Si75 45 LS2s1 45 L3390 55
0.56in commoh anode or cathode 105§ Socketsolderfugs 45 S0 €5 120 71xa6x22mm 508 s 20 1538 20 LS9 25 LSts1 35 LS190 60 -LS257 45  LS393 85
10 bar DIL LED aay (20pin DIL) Rrangle PCB skt 115 120 280 350 95X71x35mm 93 B s 20 Lsa0 20 LS92 35 LSi54 120 LS191 55 LS359 70 LS54l 95
High efficiency red 140 Q4 Cover 80 80 65 140X90x55mm 150 & 512 20 LS42 35 Ls93 30 15155 45 LS192 55 1S266 32 LS670 110
i DIN 41612 CRYSTALS ' 4012 15 4025 18 4048 48 4070 20 40106 35 4526 45
Gold flasned| Rtang  wirewrap : SWITCHES 4013 24 4026 90 4047 50 4071 18 4502 50 4528 40
gontacts, plo $ocket - 275 : 3&‘;“1“’ 1o 4015 40 4027 22 4049 23 4072 18 4507 45 4532 50
way iz Low cost DIL Switch 4016 20 4028 35 4050 23 4073 18 4508 95 4538 40
i S wArarc 1% e tooeM ;0 S e | 4wayspn 0 4017 a5 4029 40 4051 45 4076 50 4510 45 4583 40
, N O e R oRm B osn o8 oW osioB M8 o
! 8way 16 pin % A
CONNECTORS 24576 8 120M0 s " Y \:’ oo 1022 4 4042 30 o5 22 4082 15 4516 45 4566 35
ubmin toggle switche: 4009 25 4023 4043 a5 4 18 4093 22 4518 45 4584 35
B e aae conn 40MHz 90  180MHz 100 SPST 55 SPDT 60  DPDT 65 4011 15 4024 30 4044 45 4069 15 4098 50 4520 45 4585 50
24 way IEEE male Miniature toggle
36 way Centrpnix male SPDT 60  SPDTcentooff 65
DPDT 70  DPDTcenveoff 75
SOLDERING IRONS 7408 28 7430 28 7448 80 7476 40 7495 60 74163 80
POTENTIOMETERS Standard toggle 7413 38 7432 30 7450 28 7483 48 7496 80 74175 80
Singie pots 47Dohms-2M2 SPST 3’ oPOT a8 7414 48 7433 38 7451 28 7485 80 7497 150 74177 go
I Mo ini 7416 38 7437 30 7453 28 7486 38 74121 40 74190 ©
. ts 1K-2M2 10 Miniature push 10 make 15
| sereiet, im e o | WRRSI 3 DN N I
Stider pots 5K{500K (60mm) 70 Antex CS 17W soldering iron 480 20 7440
2 7 Aok %S 25W soidering iron 500 Siide switches DPDT 7421 50 7442 70 7472 35 7491 70 74150 135 74193 70
Min. hor. prasets 100-1M > g Miniature 14 Standard 16 7422 28 7444 105 7473 35 7492 85 74154 135 74194 75
Single turn cefmet 100-1M 30§ lron stand to suit CS or XS m 7427 30 7448 130 7474 35 7493 45 74157 70 74195 75
20 twrn cerma 100hms-500K o8 (‘)%Q;‘:::I;g o Solder i 7428 30 7447 B8 7475 45 7494 80 74161 B0 74196 7§

The Rapid Guarantee -
*. Same day despatch * Lowest prlces

ORDERING INFO. All components brand new and to full spec.
All prices exclude VAT — please add to total order. Please add
70p carriage to all orders under €20 in value. Minimum order
value £5. Send cheque/PO or Access/Visa number with order.
Qur new 84 page catalogue is given free with orders over £20.

Telephone orders welcome with Access or Visa. Official orders
welcome from colleges., schoo's, public companies, elc, Export
orders no VAT but please add for carriage (payment in Sterling
please). We are open Monday—Friday from8.00a.m.—6.00p.m




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

Handheld Dual Trace DSO

with DMM

dvance House of
Instruments are distributing
the Soaar 17000, a battery
operated digital storage

oscilloscope which uses a liquid
crystal display and has a built-in
digital multimeter.

The Soar 1000 has a
bandwidth of 3.2MHz and nine
ranges of sensitivity from 10mV/
division to 5V/division. The Y-

amgpilifier frequency
characteristic is =3dB or less
from DC to 200kHz. The

timebase has twenty ranges
from 5us/division to 5s/division
and features continuous-sweep
and single-sweep measurement
modes and positive, negative

and switcheable trigger slopes.
The display unit is a 128 x
160 dot-matrix LCD with a dot
size of 0,55 x 0.55 mm and an
effective display area of 76 x
95mm. A graticule divides the
display area into- ten divisions
on the horizontal axis and four
vertically on each trace.

A built-in battery backed-up
memory allows storage of wave
forms for later analysis and a
waveform alarm function
ensures correct operation. The
rechargeable NiCad Dbattery
pack provides six hours of
operation and the unit can also
be powered by means of a
mains adaptor.

The Soar model 1000
includes a seven function, 27-
range digital multimeter which
offers both automatic and
manual ranging. The unit comes
complete with oscilloscope
probes, multimeter probes,

batteries, rechargeable battery
pack and an AC adaptor and
costs £995.00 plus VAT.

Advance House of
Instrument Raynham Road,
Bishop’s Stortford Hertfordshire
CM23 5PF, 0279 — 55155.

32=Bit Processor i

In One Cycle
dvanced Micro Devices
claim their single chip 32-bit

floaling point processor (FPP) is

the first in the world and can
perform floating-point addition,
subtraction and multiplication in

a single 150ns clock cycle.

The Am29325 FPP features a
three-bus flow-through

architecture, using two 32-bit
input buses and one 32-bit
output bus. The cycle time is
150ns in the flow-through mode

ETI JANUARY 1986
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and 135ns in the clocked mode.
It can also be used in two other
I/0 configurations, a 32-
bit two-bus architecture and a
16-bit, three-bus format for use
with 16-bit processors.

The . device can perform
arithmetic in  either IEEE
floating-point format standard
P754 or DEC single-precision
floating-point format. It can also
perform conversions between
the IEE and DEC formats and

between 32-bit integer format
and floating-point format.

There are six flags to provide
additional information on the
status of the computation. These
are invalid operation, inexact
result, zero, not-a-number,
overflow, and underflow. For
maximum design flexibility, the
input and output registers can
be made independently
transparent. This allows the
designer to choose either the
on-chip or external registers
with no loss of system speed.

The Am29325 is
manufactured using AMD's
IMOX-S™ bipolar process, and
comes in a 144pin pin-grid array
package. It is the first member

of their Am29300 32-bit
microprocessor  family  to
become available and is

designed for use both with
members of that family or with
other microprocessors. AMD
say the device will be in full
production by the end of 1985,
They expect it to find
applications as a floating-point
accelerator for workstations,
array and digital signal
processors, high-end graphics,
supercomputers, super
minicomputers, spectrum
analysers, radar and sonar
equipment, image-pro-
cessing and in  guidance
systems for military use,
Advanced Micro
(UK Ltd, AMD  House,
Goldsworth Road, Woking,
Surrey GU21 1JT, tel 048 62 —
22121.

Devices

ET! PCB
Service

long, long last we are happy

to announce that this
service has re-started. The
contract with the new suppliers
was signcd in mid-November
and by the time you read this,
work should have begun on
clearing the backlog of orders.

A new pricing structure has
been agreed and there will be a
number of price changes as a
result. We are hopeful that not
all will be in an upward
direction! We have also made
use of the opportunity afforded
by the change to revise the list
of boards offered. Many boards
which sold in small quantities or
not at all have now been
removed, and we hope this will
enable us to offer an improved
service on those that remain.

Because of all these changes,
we were not able to prepare a
full list of prices in time for them
to be included in this issue.
Readers who wish to obtain un-
priced boards listed in the PCB
Service page will have to
contact us in order to find out
the price. We hope to have the
fill list prepared and checked
in time for it to be included in
the February issue.

Once again, we would like to

thank out readers for their
remarkable  tolerance  and
understanding  during  this

period of difficulties. We look
forward to offering you a better
service in the future.

)




Cirkit wishes all Electronics
Today International readers a
very happy Christmas

Ni-Cad Batteries

Higk\ quality Uni Ross nickel cadmium
rechargeable batteries in sizes equivalent to the
popular dry cell range; eg, HP7=AA, HP11=C,
HP2=D. They can replace dry cell types in
applications drawing medium to high current, but
are| not suitable for low current drain
applications,

size
(mm)
14.5x50
26x49 12
33x61 1.2 1.2
50x27x16 84 0.11

Stock No.
01-12004
01-12024
01-12044
01-84054

charge
rate
50mA
120mA
120mA
11mA

Price
£0.80
£§235
£3.05
£3.70

nom.
volts
1.2

capacity
(Ahrs)
05

12

12D

12 watt miniature lightweight pencil thin
soldering iron, with a break-resistant stay cool
handle. Designed for soldering where precision
touch is essential, the WM12D weighs 7 ounces
and measures 7" less tip. It develops tip
temperature of 800°F and acommodates a choice
of 3 Weller slide-in tips.

Stock No. 54-22911 Price £6.02

Admate DP100 NLQ dot matrix
printer

Newly imported, it is a compact Centronics interface dot
matrix printer designed to suit the requirements of office,
personal or home use. As well as NLQ print mode it
supports normal (Pica) and Elite characters, plus enlarged
and condensed printing, superscript and subseript. ltalic
fonits are available for most print modes, as is underline.
The character sets are among the most extensive

ilable; along with 192 ASCII characters (96 normal, 96
italic) and JIS characters the DP-100 supports 103

. semi-graphic symbqls and has US, UK, German, French,
Swedish, Italian, Spanish, Danish and Greek character sets,
the latter making this printer extremely useful for printing
out mathematical text without fuss.

The DP100 is Epson compatible and printer control is by
means of standard ESCAPE codes.

Pript width is 80 columns in normal characters and the
print speed is 100 characters per second, bi-directional

and logic seeking. High resolution bit-image dot graphics
ard supported at 640 dots/line and the vertical resolution

is far better than that of many other printers - line spacing
is programamable in increments of 0.118mm (1/216in),
0.35mm (1/72in), 3.18mm (1/8in) or 4.23mm (1/6in). -

The printer accepts either fanfold, single sheet or roll
paper, with adjustable sprocket and friction feed, a
self-stacking paper basket is included. The Admate DP-100
is exceptionally good value for money, a printer with’
features worth much more than its price.

Stock No. 40-90100 Price £155.00

Type CX4/Multi Battery Charger

This unit will recharge AA, C, D and PP3 size célls
with automatic voltage selection: it will also
recharge the following combinations of cells: 4xD,
4xAA, 4xC, 2xPP3, 2xC + 2xD, 2xAA + 2xD, 2xAA
+ 2xC, 2xD + 1xPP3, 2xC + 1xPP3, 2xAA + 1xPP3.
Power supply 240V 50Hz; weight 0.475kg;
dimensions 199x109x55mm.

battery output charge charge
type N rate time (hrs)
AA 29 45 16

C 29 120 16

D 29 120 16

PP3 11 11
Stock No. 01-02205 Price £7.49

Prestel Link for your Amstrad

e

y

The Modem

British designed Acoustic Modem, flexible coupling fits
all standard and Herald telephones.

More reliable in operation than some direct connect
Modems.

1200/75 Baud operation allows access to PRESTEL,
MICRONET, BT GOLD etc. .

1200 baud half duplex operation to swap programs and
data over the telephone network with-other users.
Supplied with connection details and user manual.
Modem signals are RS323 compatible, allowing use with
other computers and terminals.

Earpiece allows call monitdring.

Battery power, and LED battery state monitor for trouble
free portable operation. . .

Batteries (4xAA cells) give 40 hours of operation.

The Interface

Plugs into Disk Drive, through Bus Connector for Disk
Drives and other peripherals. '

Can be used to interface to other RS232 devices, such as
Modems, Plotters and Printers. Baud rates supported
75/1200, 1200/1200 and 300/300*.

INPUTS:- Data, one handshake - R$232 compatible.
OUTPUTS:- Data, one handshake - +5 volt positive going.
Works with all TTL level inputs and most R5232 devices.
All interface features are software addressable, uses 8251
UART. -

Supplied with full RSX drivers, which may be used in
your ownl programs.

Not directly compatible with Amstrad CPM.

Extensive documentation about interface and RSX’s
supplied on the cassette.

*Cannot be used with Modem.

Link Software

Full PRESTEL support, including up to 16 onscreen
colours and dynamic frames. Information is displayed in
real time, allowing page exit as soon as header details
have been seen. .

Available on tape or disk.

Terminal Emulation Mode, allows the Amstrad computer
to act as a glass Teletype.

Allows access to BT GOLD and similar services. -

File transfer allows data transfer from user-to-user over
the telephone network.

Interface Configure Mode allows changing of interface
Baud rate and data format. .

RSX drivers for all features, can be incorporated into
other programs.

Supplied with extensive documentation.

Contents: modem, interface

41-50200 £26.00 +VAT & software on tape
41-90150 §& 8.00 +VAT Disk only

TI-30 111 Calculator

lcafenlenfcal - 1
| 0 071 5]
Fal (5] 0]

A calculator with basic scientific fuhctions, for
generaluse. g,y No. 40-90002 Price £9.55

TI-56 Calculator

A more advanced programmable scientific
calculator with 122 different scientific and
statistical functions, including two-variable
statistics and eight data memories or 56
programming steps. Supplied with hard carrying
case.

Stock No. 40-90007 Price £24.99

Programmer II Calculator
Specifically designed for computer programmers,
this versatile electronic abacus features
calculations in hex, octal and decimal as well as
base conversiops and logical operations. Supplied

with hard carrying case.

Stock No. 40-90006 Price £38.50

HT-320 multimeter ,

A high quality, high specification but reasonably
priced meter. In addition to the usual functions,
facilities are provided for measuring transistor
parameters. The meter movement is fully
protected against overloads, and has a 3-colour
mirrored scale. Supplied with comprehsnive
instructions, test probes, transistor test leads and
batteries. Sensitivity: 20k/V dc, 18k/V ac. dc volts:
0.1,05, 2.5, 10, 50, 250V, 1kV. ac volts: 10, 50,
250V, 1kV. dc current: 50uA, 2.5, 25, 250mA.
resistance: 2,20k, 20, 20Mohms. audio output:
transistor parameters: lceo 150uA, 15, 150mA; hfe
0-1000 decibels: -10dB to +22dB weight: 410g
Stock No. 56-83201 Price £17.70

HC5010 Digital Multimeter

High quality, high accuracy digital multimeter.
Accuracy on all DC volt ranges +0.25% + 1 digit.
Ranges: DC volts 200mV to 1000V. DC currents:
20uA to 10 amps. AC voltage 200mV-750V. AC
currents 20uA to 10 amps. Resistance 20Q2-20MQ
and continuity and diode test.
Complete with battery and test leads.

Stock No. 56-5018 Price £48.00

Please add 15% VAT to all advertised prices and 60p
post and packing. Minimum order value £5 please. We
reserve the right to vary prices in accordance with
market fluctuation. '
Just send for our catalogue or visit one of our three
outlets at:

200 North Service Road, Brentwood, Essex. CM14
48G - (0277) 211490,

53 Burrfields Road, Portsmouth, Hampshire. PO3
SEB - (0705) 669021; ’

Cirkit, Park Lane, Broxbourne,
Hertfordshire. EN10 7NQ - (0992) 444111.
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© Two new signal generators
from MS Components cover the
frequency spectrum from10Hzto
450MHz in overlapping ranges.
The AF model generates' sine
waves from 10Hz to 1MHz and
square waves from 10Hz to
100kHz, with avariable 0-5V, 600
ohm output. An external sync
input is provided. The RF model
covers 100kHz to 150MHzin fun-
damentals, extending to 450MHz
on harmonics. The output is vari-
able: from 0 to 0.1V (RMS) and
modulation is provided by an
internal 1kHz tone or an external
tone of 50Hz to 20kHz. Further
details from MS Components,
Zephyr House, Waring Street,
West Norwood, London SE27
9LH, tel 01-670 4466.

© The results of the Thandar Fre-
quency meter competition held
in ETl, November 1985, will be
announced next month.

@ Aswe go to press, the Comdex
showin Las Vegas should be hear-
ing about Optimem’s eraseable
optical disc drive. We will be
bringingyou further details of this
development as soon as possible.

Lack Of |
Application

T he disappointing sales of
microcomputers in the last
year were blamed on a lack of
training in applications packages
atarecentseminaron thestate of
the UK micro market sponsored
by Barclays Bank. The accusation
came from Philip Virgo, the Infor-
mation Technology Manager of
the National Computing Centre
in Manchester.

virgo pointed out the training
was unevenly distributed about
the country, with 69% of all public
courses being heldin London and
the South-East. The availability of
software, Virgo said, massively

outstripped the availability of-

relevant training. For example,
only two courses were run last
year covering CAD packages,
while 175 such packages were on
the market.

The previously buoyant com-
puter market in the UK will con-
tinue to sink, suggested Virgo, if
the quality of applications train-
ing and instructional manuals did
not improve.

WeePROM

H itachi, who claim to be
Europe’s leading supplier of
memory products (with sup-
port for this contention from
market researchers Dataquest),
have introduced a miniature 64K
CMOS PROM with a maximum
response time of 2ns and power
consumption of 40mW/MHz in
active mode and 55uW in stand-
by. The HN27C64FP is con-
figured asan 8Kx8 memory,isTTL

compatible in both read and
write modes and.is a 28-pin
device. Itis distinctly unlike more
conventional PROMs in other
respects, being a surface-moun-
ted chip just half the size of other

64K devices in every dimension.

It is plastic-packaged and lacks a
window since, Hitachi argue,
many manufacturers fail to utilize
the eraseability of EPROMs for
reasons of costand convenience.
The HN27C64FP is, therefore,
one-time programmable for use
with fully debugged systems.

"

Since 1975, 350,000
adults have been helped
to read and write better.

If you want help look for

this sign.
For further information

Adult Literacy & Basic Skills Unit
PO Box 213 London WC1V 7ET
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Industries

1 MEGABYTE 80 Track Disc Drives 5.25"
Double Density Double Sided

£90.00 each plus £2.50 p+p

2 or more drives £85.00 each, p+p free

500Kbyte 40 Track Disc Drives 5.25"
Double Density Double Sided

£75.00 each plus £2.50 p+p

2 or more drives £70.00 each, p+p free

250Kbyte 40 Track Disc Drives 5.25"
Double Density Single Sided
£35.00 each plus £2.50 p+p
2 or more drives £30.00 each, p+p free

STOP PRESS

. . . . .
; Regulated Power Supply for 525" Disc Drives £9.50 + £1.50 p+p Complete Case and PSU, comprising:
: Nluminated Mains Switch, Fuseholder; Inter-
Textured black Drive Case — face cable, PSU Cable, Rubber feet, 2m Mains

‘ takes one drive as above £9.00 + £2.00 p+ ;
| PP Cable, Labels etc. Ready to take Half Height
1 : : : :
; PSV Drive Cable £1.00 + £0.25 p+p drive for direct link up to your disc controller
i : immedi ion. Se ion:
A Drive Interface Cable . £5.00 + £0.50 p+p g:’i‘:;d fg;l; ediate operation. Sensational
5.25" 40 track DS/DD Diskettes by Memorex £1.25 p+p free £29.95 + £3.00 p+p
* ALL THE ABOVE ITEMS — P-+P FREE WHEN ORDERED WITH DISC DRIVE
pcase
ECHO Amplifier for Sinclair ZX Spectrum CABLE HARNESS FABRICATION , Centronics printer cables
Improve your saving, loading and sound on the Spectrum. Send your drawing or specification 1 metre long
complete with full fitting instructions £19.95 p+p £1.00 For Free Quote. Trade enquiries welcome. ONLY ®*5.95 + 50p p+p
4070 020 | 12 -aesasMp 2 43K 820K | 2200MF/25V 020 | UK 2CORE MAINS
74 SERIES T st o5 SWITCHES o K ook | 4700MFriev 025 | CABLE - 2M LENGTHs 013
7404 040 MEMORIES {5 AOMH2O5C 450 | MLIKEYTOP 010 | 5y 51K M PHONO TO COAX
7407| 040 | -, e 2 WAY ON-OFF DIP 0.15 POLYESTERS PLUG CABLE ASSY .
2716 . 250 36 56K 12M 0.30
74ALS37 030 | 573745 25| 1C.SOCKETS - STD | NEONMAINS a7s | 3 ook Lam. | 22nF 006 | 1am1c
74L] ©o012 | 270408 300 | oo 4POLDIL 02 | P vam | 100NE 0.06
7415h2 013 | 57528 2¢ % 912 | sroLp 0.55 75 M A7MF 0.06 MOLEX PCB
74 012 | 8% H 018 | TvrOCOMPUTOR - 078 | 37 oo 22M SIBITATS
74L5D8 012 | 411638 040 g;g MINI-SLIDE o1s | 2 o1k SaM | amr ogs | INTERCONNECTION
7as| 013 | 48642 200 | T C+K 8631 PUSH 02s | 99 1K iy LooNE oo SYSTEMS
741514 050 | 41164 200| 1C SOCKETS - LOW RESISTORS O.25W c/t | ¢8 11K 3.6M TANTLUMS 2 WAY WAFER 0.04
741520 013 | a2s4-2 300 PROFILE T1 75 12K 43M 2WAY R/A WAFER 0.10
741527 012 | 5izss 15 s00 ke Measured in OHMs 82 13K a7m | IME3SY 010 o wa T 007
i 7415ho 013 0lo { ALOOLeach 91 15K sim | JOMEISY 018 | oIl HEADER - 00
741552 013 VARIOUS L.C s olo | 10 180 33K | 100 16K sem | 2MFISV 018 | ZAWAVSIL HEADER = 006
74LS74A 015 | 1414 20N 1.00 020 ) 11 200 3K 1 110 18K 62M TRIMMERS 4WAY R/A WAFER 0.09
;:gb‘; o iem 8.00 028 12 gﬁg 2§§ 120 20K 68M | 5540PF 015 | 4WAYDIL HEADER 0.0
. 7.5M
741522 04s | 41o0 300]  MODULATORS - 15 270 ak | 130 % 82M MISCELLANEOUS AUATDIL HEADER g0
7Lsi2) S .00 ASTEC Le 3 ook | 10 27K 9.IM | 35MMPCBMTG o4z | 5 WAYRIAWAFER 012
i st 04 ) s301-1n 100 | uM:28er8MHz, 150 [ 18 o Sox 30K 10M | JACK SOCKET : 5 WAYRASIL 010
74§| e 925 1 35141 150 | umi2ss-8-usA, 250 [ 29 P oz Puon&soscxm o014 | HEADER -
i 82523 100 NUT FIXIN SWAYSIL HEADER  0.07
! . 7asielA 050 | 255193 150 REGULATORS 24 430 75K CAPACITORS BNC SOCKET - 6 WAY WAFER .10
; 74151634 050 | £ags 500 | uaza0sCKE 02s | 25 40MF 8K CERAMIC PLATE CHASSIS MTG 040 | o wWAYSIL HEADER  0.10
i 7415166 0.75 | ) \ggo . 125 | uAzeIacKE 028 | 27 470 91K | Al 0.03 each 20X SMMPCBMTG 4,0 | 8WAYSLL HEADER  0.10
; 74LS175 050 | sN764g0 200 30, 510 100K | 1ONF 47 PF FUSEHOLDER : 10 WAY R/ASIL ;
: T 0501 syessia 250 TRANSISTORS 33 560 110K | 22NF ¢pF | nxsmmpcaMtG oo | HEADER 018
| 748193 040 | Tyso02s 500 | 23004 o1z | 3¢ 620 120K | 22NF DISC 100 PF FUSEHOLDER COVER 1SWAYSIL HEADER  0.18
; 74241 050 | TMs0029 3.00 | 2N3906 o1z | 37 680 130K | 47NF DISC 10PF | 20 x SMM 3.154 1SWAYSIL /A
; 7415242 050 | yataess s 200 | puey oya | a3 750 ISOK [ 82 PF 20PF | quicksiowruse %% | neaper 025
| 7415243 .05 | hEFaor 018 | Tipzess oso | &7 820 160K | 16 PF S60PF | 6 pIN DIN /A PCB 20 WAY WAFER 0.25
i 7415244 0.50 | 250acPU 1.50 51 910 180K | 27 pF 1000 PF | MG SOCKET 035 | 20WAYRAWAFER 030
74 4 75 - TLOBICP 0.35 -
S 075 | zgoactc 1.40 56 1K, 200K | 33PF 1500 PF | 7 pIN DIN R/A PCB 34WAYDIL HEADER  0.40
7415257 075 DIODES 62- IKM/F 220K | 39 PF 4700 PF | M1G SOCKET 035 | 34wAvDIL RA
7415273 030 INDUCTORS - 68 LIk 240K 9 WAY D TYPE /A HEADER PLUG - GoLD &%
7415365 0.50 IN4004 005 7 270 0.25
5 12K K ELECTROLYTICS - AXIAL PLUG
: . 7415367 o.sg AXIAL l{:g;gg . g 'l)g 82 13K 300K | 470 MF/25V 007 |’
| 7415373 04 91 15K 330K
! 24L5374 048 | Sooae o8 79C4V7 00s | 1o Lok a0k | 4TOOMF/LOV 035 | please add 15% VAT to all orders.
i ;4 393 f g-slg 33MH 0.05 Bg;gg;\‘/’; ggg n 18K 390K . BLECTROLYTICS - Export orders VAT exempt.
415465 JOOMH - 2K 430K RADIAL ;
| 74 o2s | 'O 008 | maxzeciy 0os | 12 XK o | oMy ™ a0s | Minimum order value £10.00
745734 2.00 CRYSTALS BIX79C7V5S 005 | |5 24K 470K W | 10MF/63V 00s | P&P: components: 50p per order
C MOS :1, gggmﬁm gvg POTENTIOMETERS ;g §K7K g{l}g; :mg?gx g-g: Export orders: carriage cnarged'ct cost
28{ 8‘32 400MHz 050 | IKHOR PRESET olo [ 3 33K 620K | 100MFr26V 0.10 . )
104 025 | 4433619MHz 050 | 1KCERMET 025 | 2o 36K 680K | 470MF/10V 012 | We reserve the right to alter prices
406 0.30 | 106875MH: 0.50 | 22KHOR PRESET 012 | 24 39K 750K | 470MFr16V 012 | gnd/or specifications without notice.

; e Electro-Mech Industries
' MAIL ORDER ONLY
Write or phone

ELECTRO-MECH INDUSTRIES Unit 23 Station Lane Witney Oxon OX8 6XZ Tel: (0993) 75827
_ CIRCLE 96 FOR FURTHER DETAILS.
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'NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

{

‘he Insitution of Electrical

‘Engineers and the Institution
‘of Electronic and Radio Engineers
may eventually be merged into
onebody. The proposal has been
welcomed by the councils of both
Institutions and their members
will debate the merger at Special
General Meetmgs to be held late
in 7986.
-~ The proposal was put forward
by & joint IEE/IERE working party
which felt that the combined
body would speak with greater
authority and would enhance the
reputation of electrical and elec-
tronic engineering among the
public. Other advantages include

fields.

-and [ERE To Merge?

arationalisation ofthe publishing
and other services offered by the
two bodjes and the achievement
+ of a common standard for Char-
tered Engineering status amongst
electrical and electronic en-
gineers. The existence of a single
body would also simplify the
accreditation of courses and
training programmes in those

For further details contact the
Institution of Electrical Engineers,
Savoy Place, London WC2R 0BL,
tel 01-240 1871, or the Institution

- of Electronic and Radio Engineers,
99 Gower Street, London WCITE
6AZ, tel 01-388 3071.

¢; The latest volume of the TTL
Data Book, Volume 3, is now
available from Texas Instru-
ments. It covers bipolar program-
mable logic (PAL and FPLA
devices) and schottky TTL
memories (PROMs, RAMs and
mernory-based code conver-
ters). Itincludes general informa-
tion'and a functional index and

) Marston Palmer have published
a 14-page brochure which des-
cribes their force cooled heat
sinks. Full technical details are
included and there is a guide to
designing force cooled assem-
blies for particular applications.
Copies of the brochure are avail-
able free-of-charge from Marston
Palmer Ltd, Wobaston, Road,

Sealed Push-Button Switches

D iamond H Controls have in- 25 000 cycles at full load.
troduced a range of push- The switches are made from
button switches which aresealed ' aluminium alloy with nylon but-
against dust and moisture and tonsand are sealed with epoxy. A
which are suitable for both low-  fully waterproof version is also
level and power switching use. available which can withstand up
The Otto P3 series are double  to three feet of water pressure.
pole and come in four different The terminals are suitable for
case styles. The maximum current  both screw and solder connec-

costs £8.00 inclusive from Texas . Fordhouse, ~ Wolverhampton, | rating is 10A and the contact tion.
Instruments Ltd, PO Box 50, WestMidlands WV106QJ,0902- | resistance is 25m. The mechani- Diamond H Controls Ltd,
Market Harborough, Leicester-  783361. cal life claimed is 250 000 cycles Vulcan Road North, Norwich

shire.

and the minimum electricallifeis NR6 6AH, tel 0603-45291.

T

A COMPLETE
SECURITY
SYSTEM

FOR ONLY
£39.95 + var

contains:

Control Unit

Enclosure & mechanical fixings
Key Swm:h & 2keys

5% Hom Speaker
4 higih quality surface mounting Magnstic Switches

CA 1250
HW 1250
KS 3901
LED 1

HS 588
MS 1025

'With only a few hours of your time it is possible to assembie and install an
effective security system to protect your family and property, at the amazingly
low 2ost of £39.95+V.AT. No compromises have been made and no corners
have been cut. The outstanding valud results from volume production and
diract supply. Assembly is straightforward with the detailed instructions
provided. When installed you can enjoy the peace of mind that resutts from a
secure home, Should you wishto increase the level of security, the systemmay

ultrasonic sensars. Dan't wait until it’s too late —order today.
Order Code: CS 1370.

EXTENDED SYSTEM CS 1480 Price £62.50 + VAT.

This system contains, in addition to the C$ 1370, an ultrasonic detector type
US €063 +its enclosurs, an additional hom speaker and a further 2 magnetic
switches, This systemn represents outstanding value for monay for the high
fevel of security provldad

Order Code: CS 14

be.extended at any time with additional magnetic switches, pressure pads or -

Intruder Filurms and Accessories

TIMER SWITCH & POWER SUPPLY MOOULE
OP 3570 Price £13.95+ VAT.

The DP 3670 consists of an adjustable timer switch and stabilised 12V power
supply for use in a wide range of applications including security, lighting controt
and autornatic switching.

The timer section of the module provides switching of loads up to 3A for pre-
set times, the duration of which may be sst by the user to between 10 secs and
6 mins. The timed period may be triggered by the opening of a taro or the
closing of external contacts, with the timed peried commencing
instantaneously or delayed to provide a form of entrance delay.

The power supply section of the module provides a 12V vu(putu' upto 250mA
which is sufficient for most applications. The module operates from either
240V afc supply or a 12V bartery for which trickle charge facilities areincluded.
Connections to the module are by means of screw zermlnnl con rs with no
,saldering needed.

! rice £19.95+VAT,
The hean of any alarm system is the control
unit. The CA 1250 offers every possible feature
thatis likety to be required when constructing 2
system whether a highly sophisticated
installation or simply controlling a single
magnetic switch on the front door.
* Buitt-in electronic siren drives 2 loud
speakers
*Provides exit and entrance delays togethar
ith fixed atarm time
*Battery back-up with trickle charge facility
*Qperates with magnetic switches, pressure
pads, ultrasenic or LR. units
ti-tamper and panic facility
bilised output voltage
2 operating modes fult alarm/anti tamper
and panic facility

For mounting the unit an attractive moulded
enclosure is available,

ME 357 only £2.85 + VAT,

INFRA-RED SYSTEM IR 1470 only £25.61+VAT.

Consisting of separate transmitter and receiver both of which are housed in
atrractive moulded cases, the system provides an invisible modulated bearn
over distances of up to 50ft operating a relay when the beam is brolen.
Intended for use in security systems, but also ideal for photographic and

*Screw connections for ease of inst;
allation messurement applications. Size 80 x 50 x 35mm

*Separate relay contacts for external loads
*Test loop facility

SEL.F-CONTAINED ULTRASONIC
ALARM UNIT CK 5083 only £37.00 + VAT,

Requires no installation. Easily assembled using our
professionally built and tested modules.
*Adjustable range up to 25ft
*Built-in entrance and exit delay
*Built-in timed alarm
*Key operated switch—Off, Test and Operate
*Provision for an extenswn speaker
*Fully self-contamed
*Uses US 6063, PSL 1865 Key Switch 3901.

3" Speaker 3515
Now you can assemble a really effective intruder alarm at this low price using
triad and tested Riscomp modulas. Supplied with full instructions, the kit
contins everything necessary to provide an effective warning system for your
house or flat. With a built-in LED indicator and test position the unit is easily set-
up requiring no instatlation. It may simply be placed on a cupboard or desk.
Movament within its range will then cause the built-in siren to produce a
penetrating 90dbs of sound or even 110dbs with an additional speaker, All
pans included and supplied with full instructions for ease of assembly. Srza
180 x 70mm. Order as CK 6063.

RiSCOMP
iIMITED

Dept. ETI/28

51 Poppy Road,
Princes Risborough,
Bucks HP17 9DB.
{084 44) 6326

ET! JANUARY 1986 -

HAROWARE KIT oy DIGITAL ULTRASONIC ULTRASONIC MOOULE
HW 1250 : OETECTOR ‘ ENCLOSURE

only US 5063

£9.50 only

+ V.AT only - f%&%
T e gmaretionoto e | (13954 VAT, Qi et s ke sarms

Suitable metal enclosure for housing an
| individua! uftrasonic module type US 5063 or
US 4012. Sunpiied witn the necessary
mounting piflars and screws etc. For US 5063
order SC 5063, for US 4012 order SC 4012

*Adjustable range up to 25ft

*Built-in delays *12V operation

This advanced module uses digital signal processing to provide the
highest level of sensitivity whilst discriminating against potential false

appropriate LED indicators and key switch.
Suppiied with the necessary mounting pillars
and punched front panel, the unit is given a
professional appearance by an adhesive sitk

screened fabel. Size 200 x 180 x 700m alarm conditions.
;
MODULE RIS(OMP FULL

PSL 1865

only
£9.95 + VAT

A complete siren and power supply module
which i3 capable of providing sound levels of
110dbs at 2 metres when used with & horn
speaker. In addition, the unit provides a
stabilised 12V output up to 100mA. A
switching relay is also included so that the unit
may be used in conjunction withthe US 5083
to form a complete alarm,

RANGE OF
ACCESSORIES -
STOCKED
SEND SAE FOR
DETAILS

THE SECURITY
SPECIALISTS!

Saturdey 9 00 to 100 p m

Add 15% VAT to all prices
Add 75p post and packing to vl orders  SAE with alf enquities

Linits on demonstration Order by talephane ot post
Shop hours 90010 5 30 p m = using -
Ciosed Wednesday tﬂ vour cradit cat W




1

MODULES

LES Now enjoy a

OVP POWER AMPLIFIER
OMP POWER AMPLIFIER MOD

world-wide reputation for quality, reliability and performance at a re ic price. Four models
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure,
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal
power supply, Integral heat sink, Glass fibrg P.C.B.. and Drive circuits to power compatible
-Vu meter. Open and short circuit proof.  Supplied ready built and tested.

OMP100 Mk It Bi-Polar Output power 110 -
watts R.M.S. into 4 ohms, Frequency Res-
ponse 16Hz - 30KHz —3dB, T.H.D. 0.01%,
S.N.R. —118d8B, Sens. for Max, output
500mV at 10K, Size 3565 X 116 X 65mm.
PRICE £33.99 + £3.00 P&P.

OMP/MF100 Mos-Fet Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB8, Damping Factor
80, Slew Rate 45V/u$S, T.H.D. Typical
0.002%, Input Sensitivity 5600mV, S.N.R.
—1256d8. Size 300 X 123 X 60mm. PRICE
PRICE £39.99 + £3.00 P&P.

"OMP/MF200 Mos-Fet Output power 200
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
260, Slew Rate 50V/uS, T.H.D. Typical
0.001%, Input Sensitivity 500mV, S.N.R.
—130d8, Size 300 X 150 X 100mm. PRICE
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Qutput power 300
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V/uS, T.H.D. Typical
0.0008%, ‘Input Sensitivity 500mV, S.N.R.
—130d8, Size 330 X 147 X 102mm. PRICE
PRICE £79.99 + £4.50 P&P.

NOTE: Mos-Fets are supplied as standard (100KHzbandwidth & Input Sensitivity 500mV}. if required.
P.A. version {50KHz bandwidth & Input Sensitivity 775mV). Order — Standard or P.A. .

Vu METER Compatible with our four amplifiers detailed above. A
very accurate visual display employing 11 L.E.D. diodes (7 green, 4
red) plus an additionat on/off indicator. Sophisticated logic control
circuits for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic front. Size 84 X 27 X 45mm.

PRICE £8.50 + 50p P&P.

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S.

Cabinet Fixing in stock. Huge selection of McKenzie

Loudspeakers available including Cabinet Plans. Large

S.AE| (28p) for free details.

POWER RANGE

8" 50 WATT R.M.S_ Hi Disco. :

20 oz. nagnet. 1%" ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz. Freq. Resp. to

6KHz. Sens. 92dB. PRICE£10.99Available with black grille £11.99 P&P £1.50 ea.

12" 100 WATT R.M.S. Hi-Fi/Disco

EO oz. tagnet. 2” ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res.
req.

25Hz. fireq. Resp. to 4KHz. Sens. 95dB. PRICE £28.60 + £3.00 P&P ea.

—— —

McKENZIE

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco. .

2";."5” oice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6 5KHz Sens. 98dB. PRICE £28.76

+ P&P

A ea.
12" 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil: Twin cone.
Res. Freq. 45Hz. Freq. Resp..to 14KHz. PRICE £29,80 + £3.00 P&P ea
15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally yoice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE£54.99+ f4 Q0P&Pea..
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/ Keyboard/Mid. P.A.
2" voice coil. Res. Freq. 75Hz. Freq. Resp. to 7.5KHz. Sens. 99dB. PRICE £19.15 +£2.00 P&P.
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco.
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £61.00 + £3.00 P&P.
15" 200 WATT R.M.S. C15200 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens 101dB. PRICE £569.45 + £4.00 P&P.
16" 4?0 WATT R.M.S. C15400 High Power Bass.
Res. ed. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £86.00 + £4.00 P&P.

WEM
§" 70 WATT R.M.S. Muttiple Array Disco etc. _
1" voide coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89¢B. PRICE £19.99 + £150 P&P ea.
8” 160 WATT R.M.S. Muitiple Array Disco etc.
1" voide coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £29.49 + £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

92dB. PRICE£33.49 + £2.00 P&P ea.

114" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens
12" 300 WATT . .
94dB. PRICE£41.49 + £3.00 P&P ea.

R.M.S. Disco/Sound re-enforcement etc
11," voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens.

SOUNDLAB (Full Range Twin Cons)

5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

1" voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea.

M.S. Hi Muitiple Array Disco etc.
Freq. 56Hz. Freq. Resp. to 20KHz. Seps. 89dB. PRICE£10.99+ £1.50 P&P ea.

8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. .

114" vdice coil. Res. Freq. 38Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £12.99 + £1.50 P&P ea.

10" 6Q WATT R.M.S. Hi-Fi/Disco etc.

11, voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00P&P

fibre printed circujt boayd and high quality
- “‘components complete with instructions.
FM| MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 X 46 x 14mm (9 volt)
Price: £8.62 + 75p P&P.

3 WATT-FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Range up to 3 miles 35 X X 12mm
(12|volt) Price: £14.49+ 75p P&P, -

SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/

RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.

Receiver output operates relay with 2amp/240 volt contacts. Ideal for
mahy applications. Receiver 90 x 70 x 22mm (9/12 voh). Price:

£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29
P&P + 75p each. S.A.E. for complete list.

B
watt FM
. Transmitter
POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL y
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.0.D. ACCEPTED.

* PRICES INCLUDE V.A.T. x PROMPT DELIVERIES * FRIENDLY
SERVICE » LARGE S.A.E. 28p STAMP FOR_CURRENT

BURGLAR ALARM IDEAL for Work-

Better to be ‘Alarmed’ then terrified. shops, Factories,
Thandar’s famous ‘Minder’ Burglar Alarm System. QOffices, Home
Superior microwave principle. Supplied as three units, etc. S u lie&
complete with interconnection cable. FULLY : pp
GUARANTEED. ready built.
Control Unit — Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control.
Three position, key operated facia switch — off —tes
— armed. 30 second exit and entry delay.

Indoor alarm — Electronic swept freq. siren,
" 104dB output. '

Outdoor Alarm — Electronic swept freq. siren. 98d
output. Housed in a tamper-proof heavy duty metal
case.

f 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. Complele with instructions.

SAVE £138.00 usual Price £22B.85
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a collection of self-assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made specially to suit todays
need for compactness with high sound output levels. Finished in
hard wearing black vynide with protective corners, grille and carry
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X
16” X 12". Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr. dB.

OMP 12-100 Watts 100dB. Price £149.99

per pair. .

OMP 12-200 Watts 102dB. Price £199.99 .
per pair. Delivery: Securicor £8.00 per pai

1 K-WATT
SLIDE DIMMER

* Control loads up
to 1Kw

% Compact Size
4% X 1" X 2%"

* Easy snap in fix-
ing through panel/
cabinet cut out

* Insulated plastic
case

* Full wave con-
trol using. 8 amp
triac

7% Conforms to

STEREO RACK AMPS

o B oo

Professional 19" cased Mos-Fet stereo
amps. Used.the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies, XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4ohms). Input Sensitivity 775mV

MF200 (100 + 100)W. £169.00 Securicor:
MF400 (200 + 200)W. £228.85 Delivery §
MF600 (300 + 300)W. £274.856 £10.00 A

BS800
* Suitable for both resist-
ance and inductive loads. In-
numerable applications in
industry, the home, and
disco’s, theatres etc.

PRICE £13.99 + 75p P&P

[ BSR P295 ELECTRONIC TURNTABLE

* Electronic speed control 45 & 33';r.p.m. * Plus/
Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim * Cue lever * Anti-
skate (bias device) * Adjustable counter batance
Manual arm * Standard 4" cartrige fixings *
Supplied complete with cut out template * D.C.
Operation 9-14v D.C.  65mA
Price £36.99 — £3.00 P&P.

ADC Q4 mag. cartridge for above. Price £4.99 ea. P&P 50p.

1
PIEZO ELECTRIC TWEETERS - MOTOROLA .
Join the Piezo revolution. The: low dynamic mass {no voice coil} of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordinaiy 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
mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price £4.90 each + 40p P&P.
TYPE ‘B' (KSN1005A} 3'%," super horn. For general
purpose speakers, disca and P.A. systems etc. Price
£5.99each + 40p P&P.
TYPE 'C' (KSNB016A) 2" X 5" wide dispersion
horn. For quality Hi-fi systems and quality discos etc.
Price £6.99 each + 40p P&P.
TYPE ‘D’ (KSN1025A) 2" X 6" wide dispersion
horn. Upper frequency response retained extending
down to mid range (2KHz). Suitable for high quality
Hi-fi systems and quality discos. Price £9.99 each
+ 40p P&P.
TYPE 'E’ (KSN1038A) 3%" horn tweeter with
attractive silver finish trim. Suitable for Hi-fi monitor
TYPE D' . systems etc. Price £6.99 each + 40p P&P.
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input jack socket.
86.X 85 mm. Price £3.99 + 40p P&P.

TYPE'C TYPEE

"STEREO DISCO MIXER

STEREO DISCO MIXER with 2 X 5 band L. &
R. graphic equalisers and twin 10 segment
L.E.D. Vu Meters. Many outstanding features
6 Inputs with individual faders providing a
useful combination of the following:—

3 Turntables {Mag), 3 Mics, 4 Line plus Mic
with talk over switch. Headphone Monitor,
Pan Pot. L. & R. Master Qutput controls. Qut-
put 775mV. Size 360 X 280 X 90mm.,

Price £134.99 — £3.00 P&P




DIARY

Satellite Communications — December 3/4th
Tara Hotel, London. See November ‘85 ETI or contact Online at the
address below.

The History of Sound Broadcasting — December 5th
IEE,London. Lecture by Dr. G.J. Phi fips, formerly of the BBC. Fordetails

contact the Secretary at the address below,

Robots Can See — Dec 18th & 19th

Institution of Electrical Engineers, Christmas Holiday Lecture by Pro-
fessor A. Pugh of Hull University at 2.30 p.m. on each day. Free admis-
sion by ticket only, available from the IEE at the address below.

' The ‘Which Computer? Show — January 14-17th

NEC, Birmingham. Contact Cahners at the address below.

Electronics In Oil and Gas — February 4-6th
Barbican, London. See November ‘85 ETI or contact Cahners at the
address below. ’

Power UK ’86 — March 4-6th )
Kensington Exhbition Centre, London. Exhibition and conference
devoted to power supplies and alternative power sources. Organised
by the Power Supply Manufacturers Association. For details contact
TCM Expositions Ltd, Exchange House, 33 Station Road, Liphook,
Hampshire GU30 7DN, tel 0428-724 660.

Electronic Production Efiiciency Exposition — March 11-13th
Olympia, London. See November '85 ETI or contact Cahners at the
address below. )

Electro-Optics/Laser International — March 18-20th

Metropole Convention Centre, Brighton. Exhbition and conference
on optics and lasers which includes a special focus on fibre optics. For
details contact Cahners at the address below.

Low Energy lon Beams — April 7-10th

University of Sussex, Falmer, Brighton. Conference on the production
and use of ion beams, covering such areas as semiconductor process-
ing and machining and material modification in metals and insulators.
There will also be an exhibition of related equipment. For details con-
tactthe Meetings Officer, The Institute of Physics, 47 Belgrave Square,
London SW1X 8QX, tel 01-235 6111.

Electrical Insuiation Conference — May 19-22nd.

Brighton. International conference described by the organisers as the
premier event in its field. For details contact the British Electrotechni-
cal and Allied Manufacturers Association, Leicester House, 8 Leicester
Street, London WC2H 7BN, tel 01-437 0678. )

Advanced Infrared Detectors And Systems — June 3-5th

Institution of Electrical Engineers, London. Conference which aims to
coverthedevelopmentsininfrared detectors, systemsand techniques
and theirrelationshipto developmentsinthe field of millimetre waves.
For details contact the IEE at the address below.

Metworks ‘86 — june 16-12th .

Wembley Conference Centre, London. Exhibition and conference
devoted to all aspects of data exchange networks. For details contact
Online at the address below.

Northern Computer Show — june 24-26th

G-MEX Exhibition Centre, Manchester. Exhibition aimed at” pro-
fessional computer users, from professionals in user departments to
computing specialists. For details contact Reed Exhibitions, Surrey
House, 1 Throwley Way, Sutton, Surrey SM1 4QQ, tel 01-643 8040.

Addresses: )

Cahners Exhibitions Ltd, Chatsworth House, 59 London. Road,
Twickenham, Middlesex TW1 3SZ, tel 01-891 5051.

Institution of Electrical Engineers, Savoy Place, London WC2R 0BL,
tel 01-240 1871.

Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pirner,

4L/ t(‘y SOFTWARE
A SOFTWARE

Operative Systems v :

MDEX Professional Dev. System £95

CORTEX POWER-BASIC disc extensions: CDOS £43

MDEX Extensions ) .

FORTH with Screen editor assembler . £65
- Graphic extensions £35

PASCAL by Pre Brinch Hansen £85

QBASIC Compatable with

CPM CBASIC - only complied! £1560

WINDOW Full screen editor . £150

CORTEX LISTINGS/CDOS DISCS

PENGO, BLUE-BIRD, GOLF £13
SPACE-BUGS, BREAKOUT, PONTOON, MICROPEDE £13
CDOS WORD PROCESSOR (DISC ONLY) £13
DRAWTECH (DISC ONLY) . £43

DISC DRIVES ‘
80 Track half height, double sided, double density IM ~ £125
40 Track half height, single sided, double density 256K £110

E-Bus cards

9995 Processor Board Blank + PAL'S £52
Built €175

64/128k RAM Card Blank + PAL €42
Built €£145/245

- Floppy/Winchester Interface Card Blank . T £32
Buiit €135

Joystick/Centromes/Timer Board  Blank £13
Part kit £36

LIMITED OFFER ONLY: 9909’s Full kit £43

STATE DISC FORMAT & ADD VAT TO ALL PRICES

MicroProcessor Eng Ltd
21 Hanley Road - Shirley
Southampton - SOt 5AP
Tel: 0703 780084

Happy Memories

Part type 10ff 25-99 100up
4116 200ns 125 1.15 1.10
4164 150ns Not Texas 99 .89 .84
4256 150ns 295 270 255
2114 200ns Low Power 1.75 1.60 1.55
6116 150ns 199 1.80 1.65
6264 150ns Low Power . 3875 345 3.20
2716 450ns 5 voit 385 345 3.30
2732 450ns Intel type - 475 4.25 4.10
2764 300ns Sult'BBC 215 1.99 1.80
27128 300ns Suit BBC 295 265 240 .
27256 250ns 595 5.45 5.10

Low broﬁle IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 12 13 14 16 18 24 27 38

Available now — The ROAM BOARD for the BBC Micro.
Reads Roms via a Low Insertion Force Socket and saves
their contents as files, then reloads a file into its sideways
Ram as required.

Full details on request.

74LS series TTL, wide 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£15and VAT
to total. Access orders by ‘phone or mail welcome.
Non-Military Goverment & Educational orders welcome.
£15 minimum.

HAPPY MEMORIES (ETI),
Newchurch, Kington, Herefordshire, HR5 3QR.
' Tel: (05,4‘ 422) 618

Middlesex HA5 2AE, tel 01-868 4466. =T
ok !
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ACORN COMPUTER SYSTEMS

BBC Model B+Econet.. .

BBC Model B+DFS... -

BBC Model B+DFS +Econet...........£375 (a)
BBC B Plus 64K ... "

BBC B Plus 128K ..

UPGRADE KITS

DFS Kit. £80 (d)
Econet Kjt £55 (d)
1770 OF$S Kit £49 (d)
ADFS ROM. £29 (d)

ACORN ADD-ON PRODUCTS
2Z80 2nd Processor ...

6502 2ng Processol

Teltext Adaptor..

|EEE Interface ...

Music 500......
RH Light pen

BBC Micro Computer System

BBC FIRMWARE

Basic I ROM......cociimmsssssanas
View 12.1 Word Processor RO|
Wordwise Plus.....
BCPL ROM/Disc ..
Disc Doctor/Gremiin Debug ROM {d)
EXMON/TOOL KIT ROM ...............£23 ea {
Printmaster (FX80)/Graphics ........
ULTRACALC spreadsheet ROM £50 ea (c)
VIEW STORE/VIEW SHEET .. £52 ea (c)
1SO PASCAL/LOGO...
Oxford PASCAL/G-FO
£43 oa (c) o
ACCELERATOR (BASIC Compller)....£56 (c)
COMMUNICATION ROM

Termi (I .£26 (d)
Communicator £87 {d)
Commstar £27 (d)
DATABEEB £25 (d)

TORCH UNICORN products inciuding the 1BM Compatible GRADUATE In stock

For detailed specification on any of the BBC Firmware/Peripherals listed here

DISC DRIVES

These are fully cases and wired drives with slim line high quality
mechanisms. Drives supplied with cables manuals and formatting disc
suitabie for the BBC computer. All 80 track drives are supplied with 40/80
track switching as standard. All drives can operate In single or dual den-
_sity format. '
With integral psu: -
PS100 With PSU...ccmmmermeiminernesossenssanad £120 (b)
PS400. £125 (b)

1 x 100K 40T S8 :TS100...
1 x 400K 40/80T DS :T400 ..
Dual Drives: 1wlth Integral psu)

Stacked Version:

PD800 2 x 400K 80/40T DS...........e.. £199 (a)

....£85(b)
...£98 (b)

Piinth Verslons:
PD800OP £240 (a)

3.5” Drives
TS35 1 X 400K 80T DS...ccoccvseanecrnoneass £89 (b) TD35 2 x 400K 80T DS...c.ceooerurmeranened £172 (b)

3M FLOPPY DISCS

High quality discs that offer a reliable error free performance for life. Each
discisindividuallytested and guaranteedfor life. Ten discs are supplied in
a sturdy cardboard box.

b il - = L‘.’ 40 SS DD 2‘? 1/‘(”dl):,Iscs 40T DS DD £18 (d) Bgtll':gso |gg!s:30 d)
) ACCESSORIES 3
PRINTERS N 80T SS DD £22 (d) 80T SS DD £24 (d) 80T DS DD £38 ia)
|, pgoEP8ON Papar Feh Holder . e DISC ACCESSORIES
e nneowo,@o printer€210 (&) Iertages 3140 A7 -S|  FLOPPICLENE Disc Head Cleaning Kitwith 20 disposable cleaning discs ensures
FX80+ €309 (@) 81485232 + 2K -£57.00 (c) continued optimum performance of the drives £14.50 (c)
pple i........ -£80.00 (C) ingle Disc Cal ual DisC Cable .....coceericessniasnnine {
FX100+ £429 (a) 160 1EEE + oo @ ?o DIécDLIbrgryb(':ease.. 21?:0((?:; :?o [;Igl t‘fmbh “‘:: (3
JX80 4 Colour Printer £449 (a) Serial & Parallel Interfaces with larger butfers available. 40 Disc Lockabie Box .... .24 100 Disc Lockable Box £19 (c)
H180 4 Colour Plotter £345 (a) Rlbbons: B rroveds : '
RX/FX/MX100......coniemrescssassenson 1 d;
. X , MONITORS
KAGA TAXAN: 102399 Sporeponer o s @ | MICROVITEC 14” RGB: :
KP810£235 () KPO10£339(a) | oo Tractr Atachmentear ) 1431 Standard Resolution £185 (a)
m'(ls Y 1&*&%'55(8 ) } 131 Megiuml F:esolution..... ............ g:g ﬂ
o 1 Hi Resolution a
BROTHER HR15(P) £310 (a) dux: 1431 AP Std Res PAL/AUDIO £205 (a
HR15LX (Serial) £365 (a) B onast " siam(y | 1451 AP Med Res PAL/AUDIO 260 (a)
P ] Ribbon £2.50 (d) 1451 DQ3 Med Res for QL ..£239 (a)
2000 Sheets Fanfold: Sheet Feeder ﬂ;:(a) 1456 DI — IBM Compatible RGB Monitor. £395 (a)
9.5" x 11" £13(b) pliyiihigdono @ MITSUBISHI 14" Med Res. IBM/BBC Compatible RGB ...........£249 (a)
14.5”/x 11” £18.50 (b) Sheet Feeder 2189 () Above monitors are now available in plastic or metal cases.
. 1000 ( Tractor Feeder £99 (a) KAGA Vision Il " £225 (a
Laa'gg i..'(z?;n Sil’lg)le row 25.25((’) :l;bgn! Carbor;‘%bbg:on ................................ % g; Vision |" SION Herrresserrssssmmass s £330 (a;
27116'| x 17716" Triple row £5.00 (d) BEC Printer Lead: Super Vision lli - .£360 (a)
Parale 42) ' 2000 MON%CHR(:(I)A(EZI&O(;II'}"ORRS 127 47 (a)
- Kaga Green KX1  Res ‘ a
MOD E<———”——H"g“‘" inbe sppled o ety lengh Kage Amber KX1203 A Hi Res ... £108 (2
; anyo Green i Res’ . a
A . i £2
— All modems listed below are BT approved Swivel Stand for Kaga Monochrome : : 1 (c)
MIRACLE 3000: Auto Dial Card .£30 (d . ATTENT'ON
ﬁ!og:ms r:ﬁngﬁmwdmmpm;ug”ﬁﬁ Qﬂ%mer? Cco%rt‘rjol Kit ... gg gg; SPEC|AL o FFER All prices In this double page advertisement
dupiéx. Features Inciude "HAYES' proioool BUZZ BOX: . 276 4_25 £2 oo are subject to change without notice.
compatibliity, auto answer, auto dial._sp:ted Pocket size, direct connect 300/300 half and e ALL PRICES EXCLUDE VAT
buftering printerpor datasecurfyoptionete. - full duplex win orginate M 2%2(0 27128-25 ............£3.00 | Please add carriage 50p uniess
T 2 o i 336 e ) pata Cables for above modems availabie for 6264LP-15..........£4.00 (@) 28 z’;‘)’g}‘%d(:)sg'a'a) £1.00
duplex). £495(b) most computers. ) B o

WS3000 V22bis2400 (as above pius 2400
DAU FUll JUPIBX) werrrreveseresensrsssssseeneeoe £650 (b)
MIRACLE 2000

A warld standard modem covering V21, V23
(Bell|103/113/108 outside UK) and including

Serial Test Cable
Serial Cable switchable at both ends allowing pin
options to be re-routed or linked at either end —

Serial Mini Patch Box

Allows an easy method to reconiigure pin functions
without rewiring the cable adsy.

Serial Mini Test

Minitors‘RS232C and CCITT V24
Transmisslons, Indicating status with dual colour LEDs

. making it possible to produce almost any cable Jumpers can be used and reused. £22 on 7 most significant lines.
Zf"a 3&' gog’sl;"e?oc::;: g#&ggg&?g‘l aomn? configuration on site. ) “ @ Connects in Line. £22.50 (d)
c:n;bmerakeyboard. V62000 £120 () Available as M/M or M/ £24.75 (d) v
‘GANG OF EIGHT CONNECTOR SYSTEMS
INTELLIGENT FAST 1.D. CONNECTORS EDGE CONNECTORS AMPHENOL 'RIBBC?N e
EPROM COPIER (Speedblock Type) . 01" 0.156" Solder ZDC grey/metre]
Copiesuptoeightepromsatatimeandacceptsall |- 0" xgﬁf’;’ Reoep Edge . | 2:&way commodore) o 3% | s6weypug  G00p 476p way  dp  way 16
single rail eproms up to 27256. Can reduce pro- 1 90p Sp  120p 2x 12-way (vic 20) - 350p | 36 way skt 550p 500p 2o-wa¥ 8sp.  50-way 2003
grmmno e by b by e manutsciurers | B il R mm | Zitoe,  gm EE| WM 4 I
e i Uop Tactory set &t 125 volts LCD | 3 2000 1ep 3200 | zxzoway B 00| odwas
display with alpha moving message: £395(b). 40 20p P P x 28-way (Spectrum) p = s $00p  500p DIL HEADERS
50 235p 200p 390p 2 x 36-way 250p
1x 43-way 280p - PCB Mtg Skt Ang PIn Solder IDC
TOR! 2 x 22-way 190p - 24 way 700p 36way 750p 14 pin 40p 100p
SOFTY Il D e > 2x83way dwp 16pin S0p  110p
. ., o of Ways : i
s fow st niligent eprom proorammercan | 9718 28 a7 | Bsbuiouecon G " | GENDERCHANGERS | 580 385 -
' ) 24 ' . way D type -
adagtor, 2564 and 2764. Displays 512 byt page JAng Pins 120 180-230 350 EURO CONNECTORS |\, mate. c10] 240 1905 Py
onTy— has'aserialand parallel |/Oroutines. Can |Solder 60 85 125 170 Plug Socket [Nl toMBe o &1 pin Ld p .
be uSed as an emulator, cassette interface. DG 175 275 325 - DiN4tg12 Male to Female........ o| 40pin 200p 225p
igft\ ‘II. o 576475564 £25.00( £195(b)' [FEMALE: % X gg way it Plg‘n gggp g;gp Female to Female....... €10 .
aptor for . £25.00(C i x 32 way Ang Pi ] p
i ) S s 199 210 275 240| 3 X 32way StPin 260p 300p RS 232 JUMPERS
UV ERASERS Solter * 90 130 198 200{ 1,8 SRV BOFINIR QO | g BRI T CHN OLINT
k " Sil ale X
) o ) IDC 195 325 375 - IDC Skt A+ G i mp 24" Singleond Female  £5.25 VIEWDATA SYSTEM
All erasers with built insafety switch and mains |StHood 90 95 100 120 . op 34" Female Female £10.00 | Using ‘Prestel type protocols
indicator. . B Screw 130 150 175 - | For2 x 32 wayxlease specify 54" Male Male £9.50 9 pe p
UV1B erases up to 6 eproms ata time. . .. ic} Lock spacing (A+B, A+C). 24" Male Female £9.50_ for: mf%rm:;i:ng gzd 2 4or:ers
UV1T as above but with a timer ... ¢] " - one 01- 764. our
UV140 erases up to 14 eproms ata timel £71i(b) TEXTOOL ZIF - i SISC CONNG DIL SWITCHES gervice 7 days a week
UV141 as above but with a timer £88 SOCKETS 2apingrse] 21 pin Scart Connector200p 4.way 90p 6-way 105p ! y .
“““““ I(b) | 2e.pin 9,00 . 20pin ¢12| 8 pin Video Connector200p 8.way 120p 10-way 150p :
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340p | 74LS162A  78p [ 74508 sop | 4063 85p°
140p | 74LS163A  78p | 74510 sop | 4068 CHARACTER
7400 30p] 74184 180p | 745164  78p | 745N 78p | 4067 230p L6 ! 280p. GENERATORS
7401 30pj 74185A  180p | 74LS185A  110p | 74520 so0p | 4068 250 | Ao7set t1s] (MSOACH : 1209 m
7402 30p|| 74190 130p | 74LS166A 180 | 74522 sop | 4069 24p 1190p)], LMD o s s
7403 30pl 74191 130p £ 74LS168  130p | 74530 80p | 4070 24p { Ammor0Dc  e2sl; LM710 a%p “op 7500
7404 B0p| 74192 | 110p | 74LS169  100p | 74532 60p [ 4071 24p | antoa 3200p] LM711 100p. 0p 780 E— |
7405 3()'7’74193 115p | 74LS170  "140p | 74537 o6op | 4072 24p | AY-1-5050 100p] LM723 0p T8p "" w ENCODERS T
7406 40p/ 74194 110p | 74151734 100p | 74538 60p | 4073 24p | AY31350  ssop| LM725CN s00p 200p . |
7407 40p| 74195 80p | 74L5174  78p | 74540 s0p| 4075 24p | AY3:8010 | LM733 % p e v N
7408 30p; 7419 130p | 74LS175  78p | 74551 4sp | 4076 6Sp | AY3-8012  s00p|. LM741 29| so0p 190p | Z80ASIO-0/1/2 | {74C822  800p
7409 3p| 74187 110p § 7405181  200p | 74564 4spfa077 28p | Sasoton  lsop); LMTe7 p 3s0p 1wp| 7 00p
7410 30p| 74198 220p | 74.5183  190p | 74574 70p | 4078 20p | SASZBA  110pf LMTAS ‘:: ,’,': *0p
7411 3pj 74199 220p | 74L5190  78p | 74s85 300p | 4081 24p mm, azmp), L1014 1508 g %0p.
7412 3p} 74221 1109 | 74L5191  78p| 74586 100p ) 4082 25p | cazoen s0p|; LM1801 00p 400p ‘z
7413 Stp 74251 100p | 74LS192  80p|74S112  180p| 4085 80p | cazceoe LM1830 280p 110p 1000
7414 T0pf 74259 150p | 74LS193  80p| 745113 120p{ 4086 75 | caoes oopl! LM1871 300p 2000 1200
7416 - 3tp| 74265 380p | 74LS184A  75p{ 745114  120p) 4089 120p | cA080E 210p] LM1872 300p. s2sp
7417 a0p! 74273 200p | 74L5195A  78p|{ 745124  300p| 4003 38p | CAj00AC  373p|f LM1888 50p, 190p 1409
7420 30p| 74276 140p| 74LS196  80p| 745132  100p| 4094 90p | CAII0E %0p| LM1889 490p 240p 140p
7421 sopf 74278 170p} 745197  80p| 745133 60p} 4095 9op | CAIt00T 1%0p|{ LM2617 300p g 149
7422 sep) 74279 90p | 74LS221  90p) 745138 180p | 4096 90p i%:“ﬁ B frvesed g 200 -
. 7423 3ep| 74283 108p | 74LS240  80p| 745138 180p 4097 270p | Casiece :: L3008 100p o0 20p
7425 atp) 74285 320p| 74LS241  80p[ 745139  180p | 4008 750 | castete 200p!| LM3011 100p 7500 s00p
7426 40p] 74290 $0p| 74LS242  90p| 745140 100p | 4099 90p | ca3zteze $00p | LM3014 350p 3809 | goag 1750p 3s0p
7427 agp| 74293 90p| 74LS243  90p| 745151 150p 1} 4501 38p | CA3189E 270p | LM391S 340p 709 fa741 £12] o0
7428 A3p| 74208 180p| 7405244  80p| 745153  150p | 4502 . 58p | CA3240E 150p § LM3916 S40p P | o748 £16 ,::
7430 3gp| 74351 200p | 745245  110p[ 745157  200p| 4503 38p | CA32606  270p| LM13600  150p o> | 980 £14.50 sop
7432 36p] 743654 80p| 74LS247  110p ) 4504 o8p | D7oC o[ MaSIL . 230p o lTMsssss  s12 s
7436 7415248 450 3 DACt408-8  300p | MS15TEL Asop el 1
v 7433 sap] 74366A 80p 5 80p | Do bordidte o |280 2509 s0p
7437 aop| 7436A 80p | 7aLS249 4506 90p mm 00p | ME 200p sop
(0808 300p 1310P 180p 110p |ZB0A 290p sop
7438 40p| 74367A 80p | 745251 4507/4030 D308 200p | MO1413 % s 12808 5500 w
7439 40p| 74368A 70p | 7405253 35 | yiatnes 1o0p | MG1488 st % |2800MOS b
7440 - 40p{ 74376 160p | 74LS256 4508 120p | icL7108 o78p[ MC1495L  300p 7 [(cMos z80) 00 100p
7441 S0p} 74390  110p| 74LS257A 4510 88p | icL7en 950 | MC1496 00 100p 180p. 400p
7442A 70p| 74393 112p | 74LS258A 4511 55p | 1CL7650 400p | MC3340P 200p 200p SUPPORT esp. 2T0p
7443A 100p| 74490 140p | 7415259 4512 88p | (CL7680 250p | MC401 bl sop DEVICES 8sp tp
7444 74L.S260 4513 150p | ICLBOSE 400p | MC3403 85p $%p 120p 2850
7445 74LS261 4514 110p | ICM7216B 22| MP1OCN 00 320p 12tp| 200p
MK50240 200p 120p 120p
7448A 7408266 4515 110p | JOMT217 fed Joreicind 1200 280p
©p 90p 170p "
7447A 7415273 4516 oMrsse 1600 MLE20 00 it ADSSOCS 7789 120p 2
7448 74LS279 4517 220p | \ 7100 00p | ML922 400p % ADS61J £20 120p "::
7450 74LS280 4518 43 | .1c7130 300p | MME221A 300p % AD7581 150p
7451 asp| 74LS03 24p| 74L5283 4519 p | Leriar 380p | NES31 120p 200p 1000
7453 38| 740504 24p] 74.5290 4520 60p | LF347 120p | NES44 190p 190p Procep e 1a0p
7454 a8} 74L505 24p| 7415202 4521 118p | LF351 00 | NESS5 2 100p 4 350p 00p 150p
7460 s5p| 74LS08 24p| 7405293 4522 80p | -LF353 00p | NESS8 0p 190p AM25L52538 200p. 400p | 4. 100p
7470 sop| 74LS09 24p|{ 7415295 4526 70p | LF38S 0p :“355; :“P @sp .4 m
7472 s5p| 74LS10 24pf 7415297 4527 80p L‘-:g:g“ :"P Nese 13 ﬁ AM26L531 bred
7473 §5p] 7aLs11 24p | 745208 4528 859 | \\oroc 4& NEBe? B foocd Wo op
7474 . 50p[ 74LS12 24p| 74L5299 4529 100P | {maota 0p | NESTO 400p 200p & 1200 200p
7475 80p)] 74LS13 34p| 74L8321 4531 75p | [Mao7 4] NESTY 300p 400p 200p| 07002 ] 150p
7476 asp| 74Ls14 s0p | 745323 4532 e5p 75p | NESS2 %0p s 300p | DACBO-CBI1-V 1759
7480 e5p] 74LS15 24p | 74LS324 4534 380p | Lm3t1o 225p | NE5532P 150p s78p 850p :;::
7481 180p| 74LS20 24p] 7405348 4536 250p | LM %0p 190p o75p 300p | DME131 900p) o
7483A 105p| 74LS21 24p| 74LS352 4538 75p | LM 150p 120p 120p 300p :.‘f: 180p
7484A 128p} 740822 24p| 74L5353 4539 75p | LM319 100p 180p 1%0p »::: sonl op
7485 110p| 74LS24 80p| 7405356 4541 %0p txaa?;:z ‘:'P ;‘:: ‘g i pred poe 150
7486 42 741526 24p| 7415363 4543 70p | (Moez “:: s 1500 0p £ 178p
7489 210p} 740527 24p | 7415364 4551 100 | |\iaos btoud 200p 1% 128 s0p ;:3
7490A 55p) 740528 24p| 74LS365 4553 240p | Lpz3p “op ssp 280p 580p m 2000
7491 70p{ 74LS30 24p| 7415366 4556 3sp 00p 2200 200p 20p prd 200p.
74927 70p| 741532 24p| 7415367 4556 sop p [ 200 :: e 7op-.
7493A s5g| 741533 24p| 74L5368A 4557 240p 300p so0p 450p 3500 500p. 150p
7494 110p] 740837 24p| 7415373 4560 140p 1509 300p 22% s00p 150p
7495A 60| 74LS38 24p| 7418374 4566 140p 150p 300p £9.50p 20p :x
7496 80p| 74LS40 24p] 74LS375 4568 240p 7% 400p ;:: 218 s
7497 210p| 74LS42 s0p| 74LS377 4569 170p ’:: g 0 400p ot
74100 190p] 741543 1s0p| 74LS378  95p| 4010 60p [ 4572 20 1209 2009 :‘;‘; 2
74107 50p| 741847 80p} 74LS379  130p[4011 .,  24p|4583 100p 140p o00p
© 73109 75p| 74LS48 90p| 74LS381  4850p) 4012 25p | 4584 asp 270 1%0p €23 TELETEXT
74110 75p| 74LS49 100p| 74LS365  328p| 4013 36p :355 ' 100p %0p 950p DECODER ‘Please note all
74111 ssp| 74LS51 24p| 74LS390  60p|4014 - 80p {4724 s0p 100p 150p 400p d .
74116 172 74L854 24p| 74LS393  100p| 4015 70p | 14411 750p 110p 150p MM58174AN 600p prices are subject |
74118 110p| 74LS55 24p| 74LS395A 100p| 4016 36p | 14412 750p S o 700p
74119 170p] 74LS73A  30p| 74LS399  140p| 4017 55p | 14416 300p MSM
74120 100p| 74LS74A  35p| 74L.S445  180p[ 4018 60p | 14419 260p SM5832RS
74121 8sp| 7aL575 45p | 74.5465°  120p| 2019 60p | 14490 a20p
74122 70p| 74LS76A  38p| 74LS467  120p| 4020 80p | 14495 450p
74123 sop| 74LS83A  70p| 7405490  150p| 4021 60p | 14500 650p s0p
74125 @5p| 74LS85 75p] 74LS540  100p| 4022 70p | 14599 200p Sop
74126 58p| 74LS86 3sp| 74L5541  100p| 4023 30p [ 22100 350p S0p
74128 55p| 740590 48p| 745608  700p| 4024 48p | 22101 700p sop
74132 75p] 740891 90p| 74LS610 1900p| 4025 24p [ 22102 700p gs
74136 70p| 74L592 58p| 74LS612  1900p | 4026 90p | 400144584 i
74141 90p| 74L893 54p| 745624  350p] 4027 40p |40106 pred
74142 250p| 74L5958  75p| 74LS626  228p| 4028 60p asp DRIVER
74143 270p | 74L596 90p| 74L5628  228p| 4029 75p | 40085 120p s0p
74144 213'.;‘ 74LS107  40p| 74LS629 . 125p | 4030 35p {40097 6p 50p 9388 350p
74145 110p| 74LS109  40p| 74LS640  200p| 4031 128p | 40098 a0p iy
74147 170p| 74L5112  4Sp| 74LS640-1 4032 100p |40100 150p § il oS0 by d COUNTERS
74148 140p/ 74LS113  45p 300p | 4033 125p [40101 128p MAND4/DLT08
74150 175p| 74LS114  45p| 74LS641  150p| 4034 250p 140102 130p | Fixed Reguistors MAN7/DL707 00p 74C825 850
74151A 70p| 74L5122  70p| 74LS642-1 4035 70p {40103 200p MAN3640 | 74C928  650p
74153 80p| 745123  80p 300p | 4036 70p (40104 120p 3A 5V 350p ;ﬁggg 0:2
74154 140p| 74LS124/ 74LS643  Z50p| 4037 110p 40105 150p | 78HOSKC 5A 5v 575p 2N1040  870p
74155 80p 629/140p| 74L5643-1 4038 100p |40106 48p [78H12 5A 12V 640p P L 2
74156 100p| 74LS125  S0p| 300p | 4039 250p {40107 | 55p | 78P05 10A 5V 900p -OPTO-ISOLATORS .
74157 80p| 74LS126 S0p]| 7405644  350p| 4040 60p [40108 920p | Variable Regulators ILQ74 130p TiLi1 Tumed Pin Low 18 pin 40p
74159 175p| 745132 6Sp| 74LS645  200p | 4041 s5p J40109 20p | LM305AH 250p | MCT26  100p TIL112 Profile Sockets 20pin  45p
74160 110p| 7415133 80p| 74LS645-1 4042 225p | LM317T T0-220 150p | MOS2400 190p TIL113 22pin. S0p
4161 TALS136  4%p 400p | 4043 TO3 240p | QR 320p T 8 pin s 24pin 559
74162 74LS138  58p) 74LS668  90p] 4044 3A+VAR 225p EN139 1" i 28 pi
74163 74L8139 74LS669  90p| 4045 1 5A+VAR LEDS 4 pin pin  65p
74164 74L5145  95p| 74L.S670  170p| 4046 60p [40173/4067 10A+VAR ,;1'5’ b 16 pin 40pin 90p
74165 74L§147 ;41.2&02 250p :3; ::p o4 :zop 50p %Ibzﬁﬂed ::: TiL222Green g L
4151 LSE84 3 4 Groan L2260range.
The forvtid 745087  350p| 40do a8p [40175 poris 5A+VAR 650 I nio12vetow 20p MV57164 We also stock a large
4 50p P 5A+VAR 675p Red Array(10)228p g
74170 74LS152 74LS688  380p| 4050 asp [40192 1A+VAR 225p | cxaes MV54164 Green range of Translstors,
74172 7418153 745783 £21]4051 85p {40244 79GUIC ) 1A+VAR 250p %, colour) 100p  Array (10) 228p [ 1o k 2
1 TaLS16e - , s0p 40245 Switching Regulators L220Red 15p Foctleds Diodes, Bridge Recti-
74 - -
74175 74L5156 SSERIES | #0p |40373 ICL7660 250p spw21 Yo ePxs § fiers, Triacs Plastics,
74L5157 74500 sop | 4055 80p 140374 300p .
745158 74502 s0p | 4056 80ces m ORIVE Thyristors and Zeners.
74L5160A 74504 s0p | 4059 400p [B0CI7 <
74LS161A 0] 74505 - eop | 4060 70p [80C98 250p Please call for details.

Teca~omaric Lo PLEASE ADD 500 pép & 15% VAT

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED Orders from Government Depts. & Colleges etc. welcome.

SHOP?T[:E:O}’Z%%I?AI\[/%E):%&U ) (ISR Detailed Price List on request.

305 EDGWARE ROAD LONDON W2 Stock items are 'normally by return of post.
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Unbalanced

Dear Sir, )
here is no way that a practical,

welltbalanced, rational, non-

controversial answer can be given

to Anna Paczuska (ETI, October
1985).

o attempt it, in detail, would
take several thousand words and
would lay open to every kind of
accusation, from MCP to fascist.

It is probably the biggest red-
heniing ever strewn in the path of
an insuspecting, largely male(?)
readership. / :

hichever way her problem is
examined, a serious train of
thought inevitably arrives at the
starting point.

ne way of achieving her aims
— in part, at least, is to campaign
for sexual equality. Then | can
retire next year, together with all
those hale and hearty sixty-year-
old|ladies who, the statisticians
say, will be going strong when | am
fertilizing the daisies.

ours faithfully,

Name and aJdress witheld)

I'm|not quite sure what your objection
is to an article that takes a cool look at
a topic of public interest — unless, that
is, you're opposed to the idea that
electronics and related technologies
should be as open to women as they
are/to men. As it happens, this idea —
in the form of the Equal OpJJortunities
Act/— is a matter of law and public
policy in this country. While the vast
majority of our readers are indeed
male, that is no reason why they
shauld not be concerned about
the|issues of sexual discrimination, as
you yourself imply, nor is it a reason to
~ discourage women from reading or
contributing to ETl. — Ed. . .

Unbiased

Dear Sir,

Thank you for producing an
electronics magazine that has
been enjoyed for many )/ears.
Hawever, recently articles such as
“electronic weapons being used
aF inst us” — Greenham women
claim’ (ETl, December 1985),
‘Electronics for Peace? (ETI, April
1985), etc, were included in ETI.
But note that a politician ma

voice his opinions such as ‘The
Greenham women are liars,” ‘The
Greenham women recently visited
Russia,” or ‘What you said is all true
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— so what?’ It may surprise you to
know, that to be fair, whatever
politicans think is equally valid and
has to be published (rightly or
wrongly).

Such politics has little to do with
electronics. It does not tell me
how to bias my transistors. It does
not tell me why Gallium Arsenide
works faster than silicon. It does
not tell me who has developed the
latest high-speed op-amp. Many
hours of politics are screened on
television each day. Most daily
newspapers publish enormous
amounts of rubbish — all of which
| may or may not wish to review.
ETl is a safe haven from all these.
Please don’t turn it into a political
battlefield.

Thank you,

Yours faithfully,
Joseph Michael BSc.
London.

Dear Sir,

I would like to cancel my
subscription to Electronics Today
International forthwith and my
money’s reamining owed to me to
be refunded. | have enclosed the
label from m); last issue.

Yours faithfully,

Sgt. R. Hailstones

School of Signals

Blandford Camp

Dorset.

Nuff said! — Ed.

I Got Rhythm |

Dear Sir,

I read Mr. Phillips article
entitled 'The Rhythm Chip’in ETI,
November 1985, with interest.
Unfortunately | think that the
designer has failed to fully exploit
the potential of the ‘look-up table’
technique. His meter has a very
Iimite(? range and resolution,
requiring the necessity of a scale
change to accommodate a modest
selection of rates. In addition the

- power consumption of this device

is probably about 250mA making
battery operation of this system
unsatisfactory. A mains power
supply can be seen in the
photograph accompanying the
article although this is not ~
described in the text. From the
arguments presented it would be

an advantage if a truly portable,
low-power system could be
.designed. ,

Fortunately this has already
been done! | have previously
published such a design using the
ROM look-up table conversion
technique. This device was built
using CMOS chips, has a three
digit LCD display and a single
ranﬁe of 30 - 300 pulses per minute
with 1% or better resolution. It was

intended for battery operation and
using a CMOS ROM (27C16)
consumes only 20mA while having
similar circuit complexity to Mr
Philips’ design but few J:{screte
components and no presets! The
only function that my rate meter
fails to achieve is audible tone
generation, although this is simple
to add.

| am surprised that editorial
review has allowed the wheel to
be re-invented in an apparently
inferior way.

Yours faithfully,

P.D.-Coleridge Smith

Dept. of Surgical Studies

The Middlesex Hospital

London.

Suppress your surprise and produce a
project for us. Our contributors are

our greatest asset and our readers our
grdeatest inspiration and safeguard. —

Back To Front

Dear Sir, :

! would like to compliment and
thank KIA for the special.accordion
amplifier AX68. The results are
excellent, just as | had hoped for,
and | consider it very good value
for monez.

I thank Mr. Lawrence at KIA for
his interest and great patience in
constructing my special order.

May | recommend KIA to any
reader with amplifier problems and
wish them continuing success in
the future. .

Yours gratefully,

J.T. Cormack

Suffolk.

The news has finally reached me after
journeying all the way from the .
- Classifieds at the back of ETI that KIA
advertise with us. My apologies to
them. Their address, for anyone
interested, is 8 Cunliffe Road, llkley,

West Yorks, LS29 9DZ. — Ed. BT
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The Microamp

The:third ETI sound processor is a high-performance
bridgeable amplifier giving 20W per channel stereo and
40W per channel mono output. Uniform with the com-
pressor-noise gate in the December issue and this

-month’s Activator, the Microamp is the last link in a basic

sound system of small proportions and great quality.

PLUS

Digibaro

Using a pressure sensor, analogue-to-digital converter
and data stored in EPROM, this digital barometer is a
model of environmental measuring techniques. The cir-
cuit includes full compensation for temperature drift
and altitude and the neatly packaged unit will prove a
boon to amateur meteorologists and anyone who
suspects that the pressure is getting too much for
them, .

All our regular features, circuit ideas galore, Tech Tips,
Read/write, Digest and more.

THE FEBRUARY ISSUE OF ETI
MEANS 1986 [S HERE, ON
, TO G
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N
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Twin 37" 80-track Disc Drives

l.ULI EJ from I_LILI

Watford Electronics

For a limited period, ETI is able to offer these cased units at an
astonishingly low price. Each unit contains two, high performance,
dcuble-sided, double-density 3% drives manufactured by:

A MITSUBISHI ELECTRIC

allowingimmediate connectionto a BBC Model B or B+ computer.
The drives can, of course, be used with any suitable computer, but
they.come complete with a

FIREE UT!LITY DISC INCLUDING GAME
for the BBC. “ ' '

Each unit offers astounding
TWO MEGABYTES CAPACITY (unformatted) which
represents 327KBytes per side (formatted).

andsuppliedin adouble-height steel case in cream finish with leads -

b Cut out and send to: ETI(DD), 1 Golden Square,

§ R \ i e
EXCLUSIVE ——— | Ty

ETIJANUARY 1986

§ London W1R 3AB. :
]

g Pleasesupply ... .. e, Double Drives at £161 each. §

lencloseachequeforf...........cccocuiivunnn, made payable

' to Watford Electronics. 1

) L |

: NAME:. ... '

B ADDRESS:. ..t e :

1

i e e e "

' R S '

, offer valid until: 11/1/86 3
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The PCB has come to dominate contemporary electronics. If you
still find it difficult to design your own

Barry Porter shows you

how to cope with tracks and pads and all the paraphernalia. We
might say, ‘New readers, start here ...’

basicterms, a printed circuitboard is nothingmore
I han a support for the component of a circuit, which

appens to have built-in interconnections that
enable the circuit to operate. In reality, it is something
more than that. A well-designed board can have con-
siderable aesthetic appeal, although most examples are
guaranteed to send the average crow rushing out fora
copy of ‘The Nest Builders' Cookbook'. It also assists in
keeping the blood pressure of anyone called upon to
carry out repairs within tolerable limits, and provides
additional boozing time by accelerating the construc-
tion|of your latest masterpiece.

he only difference between bad and good circuit
board layouts is care. There is no excuse for boards in
manufactured products being second rate, but there is
even less reason for one-offs produced by home con-
structorsto resembleawindy nightataspaghetti factory.
Time is money to the manufacturer, but the DIY
enthusiast should not suffer from this constraint. Provid-
ing you were not short changed at birth in the patience
department, and with a gentle nudge in the right direc-
tion/from this Pulitzer prize-worthy epistle, youwill soon
be producing layouts thatwillbe the envy of yoursewing
circle, and you could soon find yourself giving demon-
strations to your local Wi and Rose Pruning Society.

he Birth Of The Board

he object of the exercise is to guide you through the

to a PCB manufacturer. Althoucgih it is possible to make
your own boards, the expenditure of time and the
amount of mess generated are unlikely to be justified by
theend result, sounless youare prepared toinvestacon-
siderable amount of the folding stuff in specialised
equipment, it is best to leave the difficult bit to a
professional. .

Circuit boards usually start their careers as circuit
diagrams, and the stages necessary to translatea familiar
schematic into a finished board begin as a number of
very rough layouts, followed by one or more attempts to
transfer these to graph paper at a defined scale. The
successful graph paper layout is used as a master from
which the various artwork layouts are generated. These
consist of plastic drafting film masters for the copper
tracks, a solder resist mask and the component iden-
tification screen. If the board is to be double sided, a
separate artwork is normally provided for each side. The
artwork will normally be produced at 2:1 scale with
linear dimensions which are twice those of the final
board — although for very large boards, it may be
necessary to work‘same size’, and for very small layouts,
a 4:1 scale is sometimes preferable.

To illustrate the various steps in the production of a
set of artworks, we will start with a circuit for a high
guality tape record amplifier (Fig. 1), and attempt to

esign a layout which fits a circuit board with the dimen-
sions shown in Fig. 2. Any layout is made easier ifyou are
free to choose the overall board size and the points at
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desﬂgn and preparation of the necessary artwork to send
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Fig. 1 Circuit used for layout exercise.
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. means using large areas o

which connections to the outside world are made. The
rmostdifficulttasksinvolve fixed board dimensions, such
as the design of a replacement board for an existing
* piece of equipment. Life is further complicated if the
external connections are made via an edge connector
with pre-determined locations. Just to ensure that life
reétains some enjoyment, this is the situation that will be

tackled during the course of this article.

y

~ NOTTO SCALE . Cev

. OUTPUT

—-15v

LOCATION NOTCH
+15V

RELAY CONTROL

255" .

RECORD CALIBRATE OUTPUT
. ov
[ . ) ) SIGNAL INPUT

= 570"

Fig. 2 Circuit board dimensions and edge connections.

- Before getting too involved with the design of a

fj)ecific board, afew basicrules may notgoamiss. Circuit :
i

agrams are usually drawn in a way that can almost be
taken as a worldwide standard. Signal normally pro-
gresses from an input at the left hand side, through
various transistor or op-amp stages, to emerge at the right
hand side. It is usually good practice to lay out a circuit

board so that it bears a close resemblance to the -

original schematic.

Inexperienced PCB designers usually fall into one of
two main traps — running low level inputs and high level
outputs.too close together, so that a circuit that worked
in breadboard form becomes unstable, and getting the
earthing arranﬁements inacobble, which canresultinso
many nasty effects that there is a good chance that if
alien beings ever pay this world a visit their first words
will be ‘Hum loop’. (My wife, who assures me that our

2%-year-old is an alien, has just pointed out that his

opening statement sounded more like ‘Bo Derek’).
.‘Where possible, input and output signal paths should
be well separated, particularly when there is more than

about 15dB difference in their levels. Providing the

olperating impedancesare low, itis normally quite safeto
allow the inputs and outputs of low level circuitry to be
within 0.5”of each other. If an area of track at earth
Eintential can be placed between them, it is quite possi-

letoreduce thespacingto0.25”, Poweramplifiersarea
different ball game, and a minimum input ‘to- output
spacingof 3.0” should beallowed, but6.0” or even more

- isito be preferred.

. Bad earthing practice can cause problems beyond
your wildest imaginatjon, yet perfectly good earthing
can be achieved very easily by ensuring that the input to
output earth path of any circuit simply follows the signal
through the various stages. The impedance of all earth
connections must be kePt as low as possible, which

copper track wherever space
allows. ‘

- One very popular way of introducing instability is to
place a continuous strip of copper track at earth poten-
tial around the outer edge of a board. This is often the

most convenient place for the earth track to be posi- -
tioned, but it is essential that the circle is broken at one -

pointsothatas faras possible, the earth path follows that
of the signal.

- In designing a printed circuit board, the aim should
betoarriveatalayout where the componentsare neatly
positioned without compromising the performance of
the circuit. As far as possible, the components should be

ETI JANUARY 1986
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laced in rows with correct spacing between the mount-
ing holes. Before laying out any board, it is essential to
have some examples of the components which will be
used or obtain accurate dimensions from a data sheet.

 The ‘appearance of many a board has been ruined

because ofanincorrect guessatthelength of a capacitor,

SO pay special attention to your component sizes, as

plenty of eager gremlins lie in wait for the unwary.

Some complicated circuits can only be laid out by
using double sided boards, but the additional cost of
these — about 25% for a small quantity — is usually a
sufficient incentive to extract the necessary .effort to
achieve a single sided layout. Whenever possible, the
use of wire links should be avoided, more as a matter of
designers’ pride than because of their effect on circuit
operation. (With Herculean effort, author fights off
desire to make rude comments about people who listen
to bits of wire, and can tell the direction of the molecular
structure at ten paces on a foggy night in a force 9
gale.) ( . ‘

~ Getting Down To It

Instead of ramblingon randomly, let's get on with the
jobinhand — alayout of the circuit in Fig. 1. Before start-
ing any design work, it is wise to make sure that certain
items are at hand: | o ‘

1. One each of the various circuit components, or

accurate details of their dimensions.

2. Lots of scrap paper for the initial rough design.

. (Goodbye to another Norwegian Pine.%

3. Supply of graph paper, slightly larger than the
finished artwork, with scale markings at 1.00” and
0.1”. (None of yer metric stuff here — compo-
‘nents invariably fit a 0.1” grid.) .
Matt surfaced plastic dra%ing film, same size as
graph paper. j '
Drawing instruments — pencils, pens, stencils,
compasses, rule scaled in tenths of an inch.
Talcum power (fragrance unimportant).
Supply of circuit layout materials (details later).
Roll of red transparent adhesive tape.

Scalpel with selection of blades.
10 Pair of good quality 6” engineers tweezers with
undamaged points.

Having collected together these ‘tools of the trade’,
the time has arrived to leave the world for a few hours.
Find somewhere where your concentration will not be
disturbed, evenif you have to send the family to Disney-
land and gag the budgie. © = = - : i

LRN I A

‘It'”i"s' a réwardihg experience to turn out
~.agood, well-planned circuit-board ...

The first step is to produce a very rough sketch of
wherethe different parts of the circuit will fitonto the cir-
cuit-board. If there are no constraints brought about by
board dimensions or edge connectors, it is quite easy to
arrange the circuit parts in a reasonably compact and
symmetrical manner. Working to - pre-determined
dimensions, it is necessary to decide where various cir-
cuitelements should be placed to fitwithin the confines
of the board, and if the external connections have been
specified, these should be taken into consideration. -

- Figure 3 shows the first attempt tofit the Fig. 1 circuit
ontothe desigtr:ated board. At this stage, the main con-
sideration has been given to establishing a route for the
signal input and output tracks, the placing of the three
integrated circuits and connections to the multi-turn’
potentiometers. : ' :
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At|first sight, getting a direct connection from the

connector to the wiper of RV2 is likely to be a pro-

blem, but one that can be noted and dealt with as the

N progresses. .

HF
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The next task is to produce some rough layouts of

ate parts of the circuit, this time puttinginall com-

d be mentioned that most PCB designers produce
ayouts andartworkasitis viewed from the compo-
side of the board. Some people prefer to work as

though they are'lookinﬁlat the copper side, but this

od can lead to problems, the most popular being
th reversed connections — easily idenitifed by the

emisgion of grey smoke if not discovered before the
boar
assumed that all views are from the component side.

is builtandtested. Throughoutthisarticle it will be

Fig. 4 Component spacing and layout
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Asthe next layout roughiis prepared, account should
be taken of the componentsizes and spacing, especially
with regard to resistors and capacitors. In order that the
final result is as neat as possible, one aim should be to

the ICs and their associated components in straight
and not staggered as shown in Fig. 4b. The spacing
een normal 0.25 or 0.5 W resistors is likely to be
, and this does not leave sufficient space between

the sglder pads forthe passage of a piece of track without
the track becoming too narrow for comfort or the pads

ring modification with a scalpel.

REE RN TN )
o/ o , o

% 14
Z

nts and the interconnecting tracks. At this point, it -

Without getting too involved in pad and track sizes at
this stage, while doing the rough layouts, keep in'mind
that tracks passing between 0.15” spaced pads may
cause problems at a later stage, so avoid the practice if

.possible without damaging the appearance of the
layout. o ‘
The first rough layout of the record amplifier board is
shown in Fig. 5. Although this has several areas which
need correcting — for example the inputand OV tracks
will have to be reversed, and the output of RV2 is in
danger of being trapped by the track goingtoR11 — it is
at leasta starting point, and as such it forms a foundation
of sorts on which to build. , v

- -
o\ (=\(2\ A '
o o] | L1 [lof\e\F =
o« 1 = = OUTPUT
C ¢ +VE -
\‘u-/‘_ .
= €le I3 —VE
= e (=] =
RLA
~ RLA1 .
C16
A g =z \8;
of [ " e\{ C, CAL
9 7 OV
(=]
Q
2
& INPUT
Fig 6. First attempt at output stage layout.

The remaining circuitry is shown in Fig. 6. Again, it
contains afew problem areas, such as the non-appearance
of the ‘Record Cal’ track and the rather tortuous path
from the bottom of C9 to pin 2 of IC3, but these can be
sorted out at the next stage. »

Slow On The Draw

Having produced a satisfactory rough layout with
sufficient accuracy to establish that it is not necessary to
use a double sided board, and that wire links will pro--
bably not be needed, itis possible to attempta correctly
scaled layout on graph paper.

In designing a printed circuit board, -
the aim should be to arrive at a layout
where the components are neatly =~
positioned without compromising the
performance of the circuit ...

From now.on, everything must be related to the scale
of theartwork— inour case, 2:1 — so care mustbe taken
to double every dimension. Experience has shown that
this is not always as easy as it sounds. It is quite easy to
draw small components with correctdimensions, simply
by counting squares on the graph paper, but with larger
items such as electrolytic capacitors, it is very easy to
make a mistake, and the distance between mounting
holes should always be checked by measuring them
with arule calibrated intenths of aninch. The time spent
doing this should not be considered as wasted, especially
if you have ever suffered the sinking feeling when you
realize that a component will not fit a board because of
your own lack of care.
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" * Ifyourboard dimensions are notfixed, youshould be
abletoestimatean apProximate size, which will giveyou
--an idea of the size of graph paper you need. With an
“'established board size, an outline of the board should be
“‘drawn — inink— to the correct scale and any fixed com-
_ponents, mounting holes or edge connector details
~added using a fine felt tipped pen or similar.
In our example, the only restraint apart from the
overall board size and edge connector positions is the
placing of the three pre-set potentiometers which are
- required to line up with similar controls on other boards
in the recorder. The outlines and mounting holes of
these are therefore drawn in ink, and then using a soft
pencil, an attemptis made to transfer the rough layouts
of Figs. 5 and 6 on to the double sized graph paper

rid. ‘

© Although this may be done freehand, keep everyth-
ing as neat as possible, This is the best way to ensure
accuracy. It's worth repeating that, unless absolutely
necessary, all components should be in neat rows and
‘not scattered haphazardly round the board. If your cir-
cuit uses ICs, these should lie along the same line, and
~.should be placed in the same direction — which nor-
- mally happens automatically if the power rails are run
. between the rows of IC mounting pads, and don't
. approach each device from a different direction. The
'sign of ultimate neatness is when groups of polarized
.components, such as diodes or electrolytic capacitors,
all have their positive ends facing the same direction.
‘Figure 7 shows some examples of how electrolytics and
diode bridges may be laid out, (d) and (f) illustrating how

they should be positioned for the best appearance.
If you are having a good day, you will achieve a satis-

FEATURE: PCB Design
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Fig. 7 Examples of diode bridge and electrolytic capacitor
layout. )

-~ inthe
_ expensive if not corrected.

factory layout before your local graph paper factory has
to start working overtime, Do not be surprised if it takes
three or four attempts before you are happy. It can often

‘be beneficial to get an electronically inclined colleague

to give your layout the once-over, as this can often result

iscovery of glaring mistakes which would prove

ETI

To be continued.
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But some of them break the rules and warrant your complaints. ‘ :
. Ifyou're not sure about which ones they are, however, drop us a line and we'll
send you an abridged copy of the Advertising Code. Then, if an advertisement
bothers you, you'll be justified in bothering us. S

| - The Advertising Standards Authority.
| If an advertisement is wrong,we're here to put it right.
| ASA Ltd, Dept 2 Brook House, Torrington Place, London WC1E 7HN

ts easy to complain

‘about advertisements.
~ But which ones?

, Every week millions of advertisements appear in print, on posters or in the cinema.
| Most of them comply with the rules contained in the British Code of Advertising
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A short story for Christmas by John Linsley Hood

common — they all think their latest idea is going to
make them rich and famous, and that a life baskin
onthe sands of the Bahamas or wherever is just roun
the corner. - L ; -
Having said that, they come in two very different
kinds. The first just have a bright idea ...... in principle,
and they would like someone with the right kind of

I n my experience, inventors all have one thing in

technical knowledge to put theirinventioninto practical -

shape, and makeitwork. This, theyfeelsure, willbe quite
asimple job. The other kind, and they are vastly prefer-
able, get the idea... and then become immensely secre-
tive while they put it into-practical form.

My ald friend Fred, of the electronics components
shop, happilycameintothe latter category. | callhim‘my
old friend’, because I’'ve known him for years, well, prac-

tically as long as | have been interested in electronics,

and e{ets me come behind the counterof his shop, and
ur to his little workshop in the attic. Also, Peggy, his kin-
dly and long-suffering wife, has brought us up innumer-
able cups of coffee while we have been busy tinkering
with electronics - or simply setting the worldy to rights.

However, | also reflect that, in all the years I've known
him, he's never knowingly let me have anrthing in the
way of electronic gear at less than the full retail price!
Still, | suppose that's just because he’s a very good
businessman: certainly his little shop is a treasure trove
of bitsand pieces of electronic kit, including quite alot of
fairly scarce components. '

At the time | am thinking abbut, which was avery wet

and dismal day in early November a few years ago, | had
calledq his shop on my way home from work, and Peggy
had sent me up to his atticwith the comment thathe had
hardly stirred from there all day and was busy on some
project|or other. The task on which he was engaged
turned out to be the conversion of a rather %rotty old14
inchTVjintoan oscilloscope,andhe’'d g}(\)tas
a single line timebase scan across the centre of the
screen, with a whopping great kink in the middle of
the trace. T e . ,
‘You've got a problem there, | observed, ‘looks as
though |you are getting some breakthrough from your
timebase into your’Y’ axis.’ At this Fred turned round to
me with a seraphic smile. ‘Your problem,’ he remarked,
‘is that )‘_/ou’ve got no imagination. What you see here is
the beginning of a great technical discovery - the sort of
thing which great brains have laboured to uncover for
generations, and I've been the one to doiit!’ .
‘That loop in the trace is due to electrons travelling
backwards in time. Time'is linear across the screen, so
any ki:}; in the trace across the screen must be time
going backwards.” He turned back to his brainchild with
a look aof triumph. ‘Don’t you see what that means?’
‘Well] yes,’ | said, ‘| would agree with you if that was
what was really happening, but I'd be prepared to bet
that your scanning waveform has also got a kink in it.

22
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- the room. ..

After all, trying to get a linear timebase out of inductive
deflection coils is a pretty tricky task.’ '

‘1 did think of that’ admitted Fred,’but| checked on my
other’scope’ and he indicated his old standby, a 1940’s
portable job with a screen fully one inch across. ‘As you
can see, the waveform is perfectly OK, without a trace
of kinkiness.”’ ‘

‘Whereabouts are you looking’, | asked, thinkingthata
good magnifying glass would be a useful accessory. ‘Is
thatthewaveformatyourtimebase generatororactually
on the deflection coils - because these probably
interact.’’No,’ said Fred,‘l’'ve checked, and thetimebase
\&;&flveform is quite clean. That's a real negative time
effect. ' ’

‘Don't you see the implications of this? When I've

modified the circuita bit, to slow everything down, | can
get from a millisecond, to'a second, to a minute, and
maybe to hours. Then all sorts of things will be possible,
from TV cameras at airports or railway stations to record
accidents before they actually happen so that they can
be prevented, to letting:me, before | tell anyone else
about it, make a few millions on the pools or the stock
exchange. Meanwhile, I'm afraid that 1 shall have to

keep the details of my actual circuit pretty confidential.-

After all, we wouldn’t want details to get out before I'd
finished the design, would we.” And with that, he took
mebytheelbow,and gently, butfirmly, piloted me outof

*x kK :
Downstairs, over a cup of coffee, | explained Fred's

- latest scheme to Peggy, and apologised for my unsym-

pathetic attitude to Fred’s discoveries. ‘I'm afraid,’ |
added, ‘that there are much more plausible explana-
tions than time travel for the knots he has got in his
timebase.’ ' .
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’You know, he’s made things much more difficult for
‘himselfby starting with an oid TV withamagneticdeflec-

tion system, simplybecause he happenedtohave onein
his junk pile. In any case, if he wants a better‘scope than

that old museum piece of his, why doesn’t he buy him-
self one. It isn’t as though he can't afford it. Especially
since I'm sure his accountant would allow it as a
legitimate business expense.’

mind,”she said,’it's keeping him busy, and he's happier
than he’s been for months.” .
| called atthe shop, from time totime overthe nextfew

weeks, so that Peggy could give me periodic progress.

reports on the development of Fred’s invention. ‘He's
got his time advance up to several seconds now she
observed, a week or two later,’He’s organised it so that
photocells stuck on the TV screen trigger relays as the
spot passes by them, and he’s got them connected so
tl ﬁt IEhey can switch on other things, one before the
other.
‘I dont really understand the technical bits, but | think
that what he is now trying to do is to connect up another
TV, with the samekind of electronics, so that the first will
switch on'the timebase of the other before it has itself
started, and that then switches on the first, and so on,
building up quite a big time advance.’
. ‘Then’, she continued, ‘you close a contact to get the
first one going, and you choose whichever of the relays
youwant, depending on how farinto the future youwant
- togo. Fred says that if you had enough TVsyoucould get
as big a jump into the future as you wanted.’

‘Of course,’ she said,’he’s only got two TVs to play with
at the moment - I've refused to let him have our colour
telly in the living room - and so, until he gets things
organised, he can’t make his time jump get very far. Do
you think we could help him a bit?’

‘I'm afraid that my problem here, ' | commented, 'is
that | think that the whole scheme is just a load of
eyewash, which means that | wouldn't be very
enthusiastic as a collaborator. Besides which,’  added, ‘1
don’t really think he’d let me in his workshop at the
moment’. :

‘Neither do |, grinned Peggy, ‘that wasn’t what was in

“my mind. | don’t honestly have any more faith in Fred's

latest invention than you do, after all, we've been this
way before, but it keeps him happy, and I'd like it to last
till Christmas’;. '
- ‘What he was telling me, last night, was that he was
g’oin%to,fix his gadgetin series with the shop doorbell, so
1;’hat e can see on the closed circuit TV system who is
going to come into the shop before they actually do.
Then if he can get that working properly, he’ll try getting
abit more ambitious.” = =

. ‘Well, yes, that seems a fair enough test, so far, but
where do | come in?’ | asked. Peggy gave me a con-

spiratorial grin, and continued. ‘At the moment, as you

~ know, we don’tactually have a contact on the door. Fred
sot fed up with the bell ringing continually if someone
eft the door ajar, and so what we have is a pressure
switch under the door mat, which works when someone
stands on it. What I’'m wonderingis whetherwe couldn’t
move it forward a bit, or perhaps have some kind of
E)hotocell system whichl couldmovealong, forwardsor
rackwards, depending on whether Fred thinks he is
rmaking progress.’ ; _

% * *

I looked at PeggK with new eyes. This was a degree of
skullduggery of which | had never previously thought

hercapable.‘Allright’, | said,‘I'lt help, but what's the long
term intention?” — at which Peggy explained.

. ETI JANUARY 1986
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P?gy agreed, but gave me a thoughful look. ‘Never ,

The necessary electronics for a reflex photocell
system, which was not too conspicuous; and which
Peg%‘y could slidealongaside window, which looked out

e passage leading to the shop door, were not too
difficultto organise, and, on occasions overthe following
week or 50, you might have noted Peggy and me in the
kitchen poring over catalogues and specification sheets.

".'Forawhile, Peggy’s planto keep Fred happy, evenifhis

progress was more illusory than actual, worked quite
well, but about a week before Christmas she reported
that he was beginning to have doubts about his inven-
tion, and to feel that, perhaps, he might be on a wild
goose chase. Still, she thought he might not give up quite
yet, since he had, last night, thought of yet another
schemefororganising his TVtimebases which might just
dothetrick. = = - ’ -
On Christmas Eve, which was a Saturday, Fred was
feeling particularly optimistic, and happilyaccepted the
sugghestionthathe shouldfix his closed circuit TV camera
so that it would look right down the street. A mid-
morning phone call alerted Peggy, and |, as look-out,
signalled to Peggy when toring the door bell./I1t works, it
really works,’ shouted Fred, as he dashed down the stairs

.— just in time to see the delivery man make his pre-

arranged, second walk up the street, and hand Fred a
fairly heavy parcel. - . ‘
"Happr Christmas’ said Peggy, and pointed to the
photocell system in the window, and to her fellow con-
spirators. ‘I'm afraid that they had to give a bit of help to
your‘future machine’ but | think that the ‘present’ looks
OK! -and watched as Fred, with a mixture of astonish-

‘ment and delight, unwrapped a shiny, new, twin beam,

DC to 20 MHz, 1mV sensitivity, storage oscilloscope.
‘Now you'll really be able to sort out the kinks in your

‘timebase waveforms ..... that is if you still want to con-

tinue in the DIY oscilloscope trade.’ said Peggy, as Fred
poked buttons and twiddled knobs with a grin like a
Cheshire Cat. ” L '
You know there are times when | wonder whether |
have misjudged the old codger. As | said, all of this hap-
pened saome years ago, and had largely passed out of
my mind. ’ ‘
- What reminded me was the occasion, just a few days
ago, when I'd called in his shop to pick up some transis-
tors he’d ordered for me, and Fred said that since it was
comingup to Christmas, if | could find anyone interested
in buyinga 14 inch Black and White telly, partially con-
verted for use as an oscilloscope; | could have another
one, as a present. - :

More than 8 miilion students throughout the world have found it worth their while! An
ICS home-study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experience in home-study courses and is the largest
correspondence school in the world. You learn at your own pace, when and where you
want under the guidance of expert ‘personal’ tutors. Find out how we ¢an heip YOu.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.
(Tick one box oniy)” - - .
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It could be a GaAs, man, but we're not likely to see much gallium
arsenide around outside of LEDs for quite awhile yet. Stuart Smith
investigates the wonder semiconductor. R

appreciate how Gallium Arsenide (GaAs) devices

I ork, and why they are superior in many respects

to silicon-based devices, it is necessary to under

stand some of the fundamental physical properties of

semicanductors. At the risk of coverinﬁ already well-

known|territory, the next few sections will cover some of
this ground.

Energy Bonds

It's|a fact of life that electrons in an atom can have

only certain energies. When' the atoms are bonded
together to make a crystal, the electrons can have
energies within certain allowed bands, which may over-
Iaﬁ. e ‘band structure’ (Fig.1) of solids determines
whether they are conductors, semiconductors or
insulators. » ‘
. Electrons with energies within the valence band are
attached to particular atoms in the crystal. They cannot
move through the crystal and contribute to conduction.
Electrons in the conduction band have sufficient energy
to escape the attraction of the nucleus and can move
through the crystal under the influence of an applied
electric field. N _

Band Gap

The basic difference between insulators, semicon- .

ductors and conductors is the size of the energy gap
between the valence and conduction bands, because
this governs how easy it is for an electron to-enter the
congu ction band. In metals the bands overlap-thereare

always conduction band electrons available, so metals -

are good conductors,

In insulators the gap is so wide (over 3 or 4eV) that

CONDUCTION /
BAND?

CONDUETION
BAND? /

CONDUCTION
BAND, /

" 'BAND GAP

BAND GAP

ELECTRON
ENERGY-

., VALENCE BAND VALENCGE BANDY

VALENCE BAND

METAL SEMICONDUCTOR INSULATOR

© Fig.1 Engrgyband diagrams.

virtually no electrons enter the conduction band at
reasonable temperatures. A

Ina semiconductorthe band gap isabout 1€V, Which ‘

leads to a resistivity midway between insulatorand con-
ductor, At absolute zero temperature (-273°C) the
valence band is completely filled and the conduction
band empty. At higher temperatures some electrons
gain sufficient energy from the thermal vibrations of the
crystal/to leave the valence band and jump into the con-
ductioh band. The number of conduction band electrons
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is exEonentially related to temperature.

Thereare several elements and alloys with band gaps
in the 1eV region but for various reasons not all of them
are suitable for electronic devices. Table 1 shows the
important electronic properties of Germanium (Ge),
Silicon (Si) and GaAs. Some of these properties are
discussed below. : : :

Excitation And Recombination .

It's possible to raise the energy of an electron in
crystal by several methods: heating it, shininga lighton it
or applying an electric field to it. When an electron is
excited from valence to conduction band it leaves
behind avacant energy level (or state) called a hole. The
hole behaves like a positive charge. ' :

Electrons donotstayinthe conductionbandforever:.
they naturallyfall back’ into the valence band - but they
must fall into a hole. This process is called recombina-
tion, and it releases energy, the energy the electron
originally gained to enter the conduction band. The
energy maybereleased as heat, lightorboth, depending
on the type of material. : : '

Doping

To make useful electronic devices, it's usually neces-.
sary to control the conductivity of the materials by alter-
ing the number of holes and electrons in the material
which are available for conduction. This can be done by .
adding small quantities of other materials called ‘dopants’
tothe pure (intrinsic) semiconductor. Ifthe dopantadds
electrons, itisadonorandtheresultingsemiconductoris
called n-type. If it adds holes it is an acceptor and the
semiconductor is p-type. . :

Temperature . SR

The relatively high bandgap of GaAs means that at
normal temperatures (-20°C to 100°C or so) theamount
of free carriers (electrons or holes) is minimal compared
with those introduced by doping. This is still true at high
temperatures. Some GaAs devices are usable at up to
400°C and most will work at. temperatures between
-200°C and 200°C. The range is much wider than for.
silicon devices. - T :

Mobility R N

- When subjected to an electric field, electrons acce-

lerate towards the most positive point. In a crystal this -
does not continue forever, as the electrons eventually

_collide with the crystal atoms. Collisons may even-cause

the electrons to reverse direction. Overall the electrons
can be said to reach a mean or drift velocity whichis con-
stant and proportional to the applied field. The ratio of
electron speed to applied field is called the electron
mobility, and it is much higher in GaAs than in silicon.
Electron mobility governs the switching speed of transis-
tors and GaAs devices are therefore much faster than
their silicon counterparts. There is a limit to the drift
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"\?elocity attained as the apﬁlie“d field is increased, but
this limit is higher in GaAs than in silicon.

Photoconduction And Photoemission

A quantum of light energy (a photon) can, if it has the
right frequency, transferallit's energy to an electron and
cause it tojump into the conduction’band. The relation-
ship between photon frequency and energy is:

‘E=hv, where

Eis energy in Joules (}) (1eV=1. 6x1079)),
h is Planck’s constant, 6.63x10734)s,

vis light frequency in Hertz. -

Below a threshold frequency, v, =Eg,,/h, the elec-

trons cannot gain sufficient energy to cross the band gap

and will not be excited. At a frequency greater than vy,
the light will cause excitation and generate electron-
hole pairs, so the conductivity of the material will
increase with light level. Cadmium Sulphide (CdS) hasa
band gap of 2.42eV which gives it a response to light
similar to that of the human eye. Other semiconductors
respond well to infrared or lower frequency elec-
tromagnetic radiation. :

Light Emitting Diodes : '
~As we'have seen, electrons eventually recombine
with holes, givingup theirenergy as heat or light. Recom-
binationin Si produces mostly heat. In GaAs, recombina-
tion gives off light in the infrared. By adding Phosphorus
(P) to the GaAs the band gap is increased and the emis-
sion moves towards the blue end of the spectrum. GaP
LED’s emit green light.

~ An LED is a junction between p and n type GaAs (or
GaAsP, or GaP). In the bulk of the diode, away from the
junction, there are a lot of free carriers (Fi Za{ Applica-
tion of a forward bias voltage (Fig.2b) makes it easy for
electrons to leave the n region, cross the junction and
enter the p region. Here there are many holes, which
recombine with the electrons. The holes are continually
replaced byfresh ones atthe diode anode so the current
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. ~_HOLES

-

a1 -
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- +
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+
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fig.z PN iuncﬁon with no bias applied (a) ;nd with forward
bias (b). S :

flow, recombination and light emission continueas long
as the forward bias is applied. .

Semiconductor Lasers

The semiconductor laser is a device of great impor-
tance in modern communications. Fiber-optic data
transmission using a semiconductor laser as the light
source allows the transfer of huge quantities of informa-
tion over large distances at great speed.

To use an optical fiber at high speed over an appreci-

Gigabit logic — a dual precision D-Latch operating at 1GHz (Pronto Electronic Systems Ltd. iiford).
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able distance (say several kilometers), anumber of con-.

ditions must be satisfied: S

1. [The laser light must be capable of being mod-

ulated at a high rate; ‘

2. [The light must be of a single frequency to avoid

- |spreading of pulse edges;

3. The Iight mustbe very intense toallow large spac-
ings between repeaters (which pick up weak.

signals, amplify and retransmit them);

4. [The light source must be very efficient, for low

cost and power consumption. _

Semiconductor lasers fulfil all these requirements.

The basic principle of the laser is quite simple. We
have |already .seen that. electron-hole recombina-
tion releases energy. In most cases recombination occurs
randomly and spontaneously. Any photons given off in
the process are in random phase with one another. The
light so produced is said to be incoherent.

The presence of photons of the wavelength corres-
ponding to the band gap energy can cause recombina-
tion, accompanied by emission of light. This’stimulated
emissjon’ is in phase with the photon which caused the
emissjon. The light amplitudes add in phase and the
resulting light is very intense and coherent (Fig. 3).

We also know that photons can be absorbed by the
material, causing the electrons within it to be excited
into the conduction band. In order for theretobe a con-
tinuouls output of coherent light, two conditions must
preva

material, so that more stimulated than random emis-
sion gccurs; -
2. There has to be an electron’population inversion’
— a greater number of electrons in a high-energy state
than alow-energy state, This ensures that more emission
than absorption takes place. '

O )
O— - U

ELECTRON

ENERGY , C

FALLS INCIDENT
> PHOTON
4 AN
w RELEASING INCIDENT {SAME PHASE &
a A PHOTON PHOTON oo FREQUENCY)

EMISSION  STIMULATED
- : PHOTON
— -

Fig.3|Spontaneous and stimulated emission of radiation.

The first-requirement is. met by creating an optical
resonant cavity — simply a bar of material with mirrored
faces so thatthe lightintensity builds up within the cavity
by repeated reflections. 4

Population inversion occurs in the semiconductor
junction’s depletion layer. Itis called the de?letion layer

ecause it usually lacks carriers (holes or electrons). At
high currents, however, itis far from depleted. There is a
continual stream of high-energy carriers being injected
into the junction and swept away. Over a short distance
in the junction there can be more.conduction than
valence band electrons.

The basic structure of a GaAs/GaAlAs injection diode
laseris shown in Fig. 4. The laseraction takes place at the
junction between the p'GaAs and the n-GaAlAs (gallium
aluminium arsenide). The regionsimmediately adjacent

. to these perform two functions: -
1. ‘Fhey confine the light to a narrow region because

they have different refractive indices to the junction
‘materials; - '

2. They keep the volume within which population
inversion takes place small, so reducing the threshold
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current at which laser action begins. The effect occurs .
because the band structure of the materials forces the
carriers to recombine in the narrow region near the

i

junction,
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n AlGaAs—} ﬁARRIERS
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1. There must be a hfgh density of photons in the

Fig. 4 Simplified diagram of GaAs/ GaAlAs diode laser.

For optical fiber communications the GaAs/GaAlAs-
laser is being replaced by a GalnAsp (gallium-indium-
arsenic-phosphide) diodeonan InP substrate. Byadjust--
ing the relative quantities of Ga, In, Asand Pinthe diode
itis possible to adjust the band gap so that the emitted
light has the wavelength at which the fiber is most
transparent. By the same means the lattice constant (the
distance by which atoms are separated) can be adjusted
independentlyof the band gap. This allows the growth of
diodes directly matched to the InP substrate. :

The present aim is for systems using 1.5 to 1.65 um
radiation modulated at 2 Gigabits/sec. With the latest .
optical fibers signals may be sent up to 100km with-
out repeaters. :

‘The Gunn Diode

The Gunn diodeis atwo-terminal device used in mic-
rowave oscillator circuits. It has a variety of different
modes of operation, but its basic principles can be
understood with reference to resonant circuits.

A common LC circuit, when stimulated by step input
voltage, will oscillate at a frequency f=1/(2m/LC.) The
oscillations will die away exponentially, however, because
of resistive losses (damping) in the circuit, (Fig. 5a).

O—fb’tLY‘G‘ V{‘/\/ '}
INPUT
v Ce=
Yo + TIME
0. TIME :
O O
! (a)
L R R
O~ NWNAANA—g—0
INPUT
v (= Vo
TIME
o TmE > -
o : %)
. (b))
Fig.5 LC oscillator with damping (a) and with negative resis-
tance applied (b). B o
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In mostoscillators, these resistive losses are compen-
sated forbyfeedingbackanamplified version of the out-
puttotheinputinsuchawayastosustainthe oscillation.
Another approach is to use a device which exhibits
ng§ative resistance over partof its [-V charactersitic (Fig.
5b).

A real negative resistance would be very valuable! In
practice, wefind some devices forwhichasmallincrease
in applied voltage causes a small decrease in current
flow (Fig. 6). Strictly speaking, they have negative dif-

ferential resistance and a suitably doped piece of GaAs

exhibits this property due to its band structure.
Electrons in GaAs can be excited into the conduction
band by an applied field. Up to a certain threshold field
(about 3kV/cm) the electron drift velocity increases
with field strength, since the mobility is constant. Above

thethreshold field the electrons gain sufficientenergyto
reach part of the conduction band where their mobility

is much smaller because of the increased probability of
collisions. The conductivity of the GaAs drops. Small
increasesin field cause more electrons to enter the low-
mobility region and the currentfalls — this is the negative-
resistance region. This property is utilised in Gunn
diodes and makes the devices useful for circuits of the
form shown in Fig. 5. :

The Gunn diode (named after J.B. Gunn who dis-
covered the principle of Froducing microwaves by the
application of a steady voltage in 1963) isformed froma
single section of n-type GaAs. The GaAs is unevenly
doped sothat, with the application of a suitable volta%\e,
both high and low mobility electrons are liberated. The
crystal becomes partitioned into areas of different-
intensity electric field. In the negative-resistance region
of operation, the existence of a highest-intensity area, in
which electron density is greatest, will cause an increase
in current flowing into the area and a decrease flowing
out of it. The domain of high-intensity charge builds-up
and is eventually attracted to the anode end of the GaAs
crystal. It travels through the crystal, a packet of charge
not altogether unlike a spark bridging two electrodes in
the air, producing a spike of current at the anode. The
process repeats itself, generating a microwave output
which has reached 65mw at 2GHz continuousand up to
200w pulsed.

Transistors And ICs

. Although GaAs transistors for microwave applica-
tions have been available for some time, the develop-
ment and production of integrated circuits is still in its

microwave GaAs chip (GEC Hirst Research

Surface of

Centre).

REGION OF (2)
NEGATIVE

(1) . DIFFERENTIAL <
. RESISTANCE &)

F <

’

Fig.6 Negative resistance characteristic of doped GaAs.

infancy— commercial ICs have only been on the market
since early 1984.
GaAs integrated circuits are difficult to make: the raw

. material costis high, defect-free wafers (circular slices of

single-crystal semiconductor) are hard to obtain and the
processing of them is difficult (Fig. 7). To take full advan-
tage of the sgeed of GaAs, the devices need to be very
small, stretching the limits of current technology. In
addition, the wafers are brittle and have to be handled
more carefully than silicon. :

On the other hand, GaAs devices promise higher
s‘)eed than silicon at lower power levels, which should
allowhigherlevels of integration before heat dissipation
becomes a problem. As yet only MSI devices have been
produced in commercial quantities.

Most of the work currently being done on GaAs
integrated circuits concentrates on ultra-high speed
digital circuitry. Results so farindicate that GaAs devices
may rival superconductor Josephson junction devices
for speed — and, more importantly, they are available
now and developing quickly. Current commercially
available logic circuits ?eature ate delays of around
SOgEi'and maximum counter clock rates of around 2
to Z.

0Oo0o0o0O0OO 00O0O0OO
000O0O0OO 0 0O0O0O0
009 Op o 0 0O0O00O
° .
00g 0O OO0 eO0o0
00 O0O0O0O0 0 0O0O0O0
000000 0O 0O0O0O0
INTERSTITIAL IMPURITY SUBSTITUTIONAL
) IMPURITY
00 0pO0OO0OO 0,000 00O
00 0pOO0OO 000 O0O0O0OO
00 0go0 OO 000 O0OO0O0OO
000 O0O0O0 0 0 o0 0 00O
oo 090 0o 0 0O 0O 00O
000909000 O©OO0OOOOCOOO
0000000 0 OO0 0OO0OO0OO0OO
(AN ATOM MISSING 000 O0O0O0O0O
FROM THE LATTICE} LINE DEFECT
{ A HALF-PLANE OF
ATOMS IS MISSING)

Fig.7 Some defects in crystal structure capable of causing
device deterioration,
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It is useful to look at what makes an ideal transistor
switch| for digital integrated circuits. It should be small,
so that large circuits can be fabricated in a small space.
This reduces the likelihood of encountering a wafer
defect and so increases the yield. It should consume
very little power, so that heat dissipation at high circuit
densities does not become a problem. It should require
very little voltage change between the on and off condi-
tion. This reducesthe switchingtimeas less charge has to
be pution to or removed from internal capacitances dur-
ing switching. Finally, its control input should have low
capacitance, again to reduce switching time.

Tum
-

METAL GATE

INSULATOR

SOURCE DRAIN

2

CHANNEL

DEPLETION REGION
{EXTENDS TO EVENTUALLY
FILL OR PINCH-OFF CHANNEL
UNDER NEGATIVE GATE

SEMI-INSULATING GaAs
POTENTIAL)

Fig.8|Cross-section of D-MESFET (not to scale).

Most current GaAs integrated circuits use depletion-
mode| metal-semiconductor field effect transistors (D-
MESFETS), as these are the easiest devices to produce
(Fig. 8). Unfortunatelya negative gate voltage is required

to turn these devices off, while the outputis positive (Fig.
9). They require two power supplies (plus earth), and

level shifting circuitry between circuits (Figs. 11, 12
and 13). .
Vas

_— Vs

:’III“ES

e o S T

VOLTAGE

ABOUT -1V ) LOW-POWER LOGIC

Fig. 9 Id against Vgs for a D-MESFET.

Enhancement-mode FETs (E-MESFETs) have been
produced, but they are not yet at the mass production
stage. Their construction is similar to that of the D-
MESFET but the channel is very shallow and lightl

doped so that the built-in potential of the metal-
semidonductor junction keeps the channel pinched off
with no external gate bias. Thus the E-MESFET is normally
off. It requires only about 0.1V gate potential to turn on.

28

Thisisadefiniteadvantageforhighspeedand lowpower

circuits, but requires verytight control over processingin

order to keep the threshold voltages within a very
narrow range, or else the devicesbecome overly suscep-
tible to noise. E-MESFETs are also difficult to fabricate as
the channelis very lightlydoped and surface defects can
easily pinch off the channel — various structures and
geometrics are being tried to avoid this. E

(MEJAL
INSULATOR Tum / )
—— .
,_&., pINY A
SOURCE © DRAIN
(METAL) ;M METAL)
GaAs DAMAGED
nliGate Y 1 meCaNTATION
o 70
1SOLATION {SUppLY 4 "™y | Torrovioe
DEVICE
UNDOPED GaAs TN 0nm ISOLATION
NORMALLY OFF  ({IGH MOBILITY) Y
_—/;MI-INSULATING GaAs S ——a

ENHANCEMENT MODE DEVICE

Fig.10 Cross section of High Electron Mobility Transistor
(not to scale).

Otherdevices underdevelopmentinclude the high-
electron mobility transistor (HEMT) (Fig. 10) and the
heterojunction bipolar transistor (H}BT). Up till now |
have only mentioned field effect (unipolar) transistors.
An NPN sandwich made entirely from GaAs does not
work well as a transistor, partly because holes, which are
the dominant carriers between base contact and active
base region, travel rather slowly in GaAs. A much better
transistor can be made with an n-GaAas emitterand a p-
GaAs base. Workonthe H)BT isnotasfaradvancedason
the various FETs, but it could be the best device for very
high speed VLS|. Single-transistor switching speeds of
1ps and logic swings of 250mV have been predicted..

The current dominant technology is the D-MESFET.
Several logic structures are in use, just as silicon bipolar
circuits are available in TTLLSTTL, 12 Land ECL. Buffered
FET Logic, Schottky-Diode FET Logic and Capacitor-
Diode FET logic gates are illustrated in Figs. 11. 12 and
13.

Even aftera GaAs circuit has been produced, the pro-
blems are not yet over. To preserve reasonable pulse-
shapes at, say, 1GHz, circuits have to deal with frequency

03
ACTIVE
LOAD

Q2

*Vpp

Q4 .
OUTPUT
SOURCE
FOLLOWER

LEVEL
SHIFTING

INPUT A DIODES

INPUT B

Qa1
SWITCHES ‘
ouTPUT

Qs
ACTIVE
LOAD

ov
HIGH POWER

~Vss

Fig.11 Buffered FET logic (BFL) NOR gate.
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components up to 3GHz. The digital designer will have
to utilise microwave design techniques such as im-
pedance matching of chips to interconnections to avoid
pulse reflections, Supply decoupling becomes vastly
important, and the capacitors used have to behave pro-
perly at GHz frequencies. Testing is likely to become
another large (and expensive) headache.

+Vpp (+2V6 TYP)

A Q_Nﬂ_
INPUTS D2
LOGIC 0 = +0V5) B O——fipf——t a2
(LOGIC 1 = +2V

ACTIVE
LOAD

OUTPUT
(A+B+C)

LEVEL
SHIFTING
DIODES

MEDIUM

Q3
POWER INVERTER

~Vgs (~1V5 TYP)

Fig.12 Schottky-Diode FET logic (SDFL) NOR gate.

* The Market

The major semiconductor manufacturers have, on
the whole, stood back and waited to see where GaAs is
going — after all, the market for high speed bipolar and
MOS devices is not going to go away just yet. Also, there
is @ world shortage of engineers qualified to develop
GaAs devices. This is probably a good reason for not
spreading them too thin on the ground. ,

- In this country there are only a few suppliers of com-
mercial GaAs integrated circuits. GEC’s Hirst Research
Centre has produced several microwave amplifier chips
with DC-12GHz response, and they are developing
higher frequency and higher power circuits. :

The two major UK suppliers of GaAs logic circuits are

FEATURE: Gallium Arsenide

Harris Semiconductors and Gigabit Logic. Both have a
range of small scale integrated circuits (NOR gates, D-
types, dividers and, for exam?(le, shift registers), which
workataround 1 to4GHz clock rates. Harris also market
a range of discrete GaAs FETs for use at up to about
18GHz. They have also released preliminary data on a
1go-gl%:te array. Both companies sell an evaluation kit for
their ICs, '

The Future

Future markets for GaAs integrated circuit include -
the DirectBroadcastbySatellite system, very highspeed
computers, optical communication and phased arra
radar. As for the future of the technology itself,
researchers at Glasgow University have produced tiny -

*Vpp

Q3
: ACTIVE
LOAD

Q1
SWITCHES

FOLLOWER

D1

LEVEL
SHIFTING

D2
INPUT B DIODES

INPUT A
D3

OUTPUT
\ ov
HIGH POWER

Q!
ACTIVE

—Vss

Fig.13 Capacitor Diode FET logic (CDFL) NOR gate.

MESFETs with only 75nm wide gates, while Sheffield
University has demonstrated an all-optical switch in
GaAs/GaAlAs which holds promise for all-optical logic
(which may be very fast, indeed). Inevitably GaAs
development will be largely determined by the military
valueattached to high-speed temperature and radiation
resilient devices. The rest of us will have to wait to savour
the benefits of this remarkable material.

Microwave amplifier device (GEC Hirst Research Centre).

ETI

ETIJANUARY 1886




HE ETI
CTIVATOR

Ultra-fi buffs should be prepared to have their illusions if not

their best crystal glas

of sound-processing
courtesy of Allan Bra

. ral ‘Exciters’ have been
A round for some ten years.

, he?' have been used aimost
universally by up-market recording
studios to improve the perceived
clarity of recordings, giving an
extra edge to their products. Since
the idea of aural enhancement
was first promoted by Aphex,
much mrlstique has grown to
shroud the technique —not
surpri‘singly, because the
promoters knew they were on to a
good thing. In fact, this technique,
which ‘miraculously’ cleans up
dodgy recordings and adds sparkle
to good ones, is astonishingly
simple. o

The Sound In Your Head

Psychoacoustics is the study of
the perception of sound. The brain
seems to rely on high order
harmonics for much of our
perception of detail in complex

-

(a)

|

{b)

GAIN

(c)

.
AVAVE

—

TIME
Fig. 1 Harmonic generation.

sound structures. These
harmonics, being of low
amplitude, are the first to be lost
in recording due to noise and poor
high frequency response.

If there was a way of restoring
these low level, high order
harmonics, then much of the
original clarity and detail of the
recorded sounds would be
recaptured. Improbable? Right. So
fet's cheat, and — surprise,
surprise — we have the

“technology!

Harmonic Generation
Imagine that the sine wave of

Fig. 1a is mixed with a small

amount of third order harmonic
(Fig. 1b). The result is shown in Fig,
1c. Fourier symmetry tells us (as
we physicists say) that we could
bend a pure sine wave using
some non-linear network to
resemble the waveform of Fig. 1¢,
in effect creating a third order
harmonic component added to
the fundamental. There is no
theoretical problem with complex
sounds, since any waveform can in
principle be reduced by Fourier
analysis to component sine waves.
. Now, we can bend a sine wave
quite easily. Simply clipping it as in

‘Fig. 1d will generate harmonics —
|..the heavier the clipping, the more

harmonics are produced (the

“more it approximates a square

wave). The amount of clipping and

- consequent harmonic generation

are very much dependent on

“signal level. In the Activator, a

sophisticated system is used so

‘that the ‘bending’ is like that of Fig.

1cand is independent of signal

amplitude.

. Doing it With Frequency

But wait a minute. What we are

‘talking about is severe distortion,

s-ware shattered as the second in our series
units excites the airwaves and the eardrums,
dford of Time Machine Sound Engineering.

isn’t it? And distortion is the last
* thing we want in quality audio.
Well, yes and no. The
difference between aurai
enhancement and mere distortion
is one of degree and frequency, to
coin a phrase. Firstly, clipping a
sine wave is rather severe and
ﬁenerates very large amounts of
armonics. Secondly, the effect we
seek only works at high ,
frequencies. Thus the signal must
be high pass filtered so that only
frequencies above a few kilohertz
are'bent’. If you apply harmonic
generation to the whole spectrum,
the result just sounds like
distortion. Also, the amount of
harmonic generation must be kept
low. Only then does the whole
effect come to life. :
This may all sound very strange
on paper and if you aren’t
convinced, the only answer is to
_hear a unit in action. When an
Activator is switched out, the
result of suddenly hearing the
original recordinginan .
unmodified state is like puttinga
bag over your head. Once you've
heard the difference you won't be
able to live without it. It will do
wonders for all your records and

tapes, revealing details you never

knew existed.

When recording individual
‘instruments or voices the Activator
will create a sense of presencein a
way that old fashioned presence
controls never could. The
frequencies which are ‘activated’
also happen to be those which.
carry most stereo information — so
a stereo unit like the Activator. .
enhances the stereo effect, too.

" Dolby And Son

It's worth mentioning the
beneficial effects the Activator will
have on muddy sounding cassette
tapes. If there is no treble in the
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recording, then boosting the treble
band with a graphic equaliser will
:achieve nothin§ but the .
amplification of tape hiss. Aural
enhancement, however, does not
require treble to be présent since
it uses upper mid-frequencies to
synthesize new high frequencies.
This basic difference sets aural
enhancement apart from any
simple form of equalisation.

Dolby B was invented when
the quality of cassette tape was
very poor. The noise reduction it
afforded made listening
acceptable. Now cassette tapes
are very good indeed and Dolby is
(arguably) redundant since all it
seems to do is kill the top treble
end of your recordings. In fact,
many people record tapes with
the Dolby on to act as a treble
boost and then play them back
with the Dolby switched off. If you
play tapes back through the
Activator you can leave the Dolby
- on, taking advantage of the noise
reduction without sacrificing
prized high frequencies.

Active Design

- A practical system is shown in
block diagram form in Fig. 2.
Notice that after the harmonic
generator the resulting signal is
mixed in antiphase with the signal
emerging from the filter so as to
cancel out the fundamental,
leaving only the newly synthsized
harmonics to be added in the’
desired proportion to the output.
‘There is very little change in ‘
overall signal amplitude when the
harmonics are added. In the
Activator, there is also a very slight
reduction in high frequency level
as the PROCESS control is
advanced, which keeps the
subjective volume constant.

The hiéh pass filter used in the -

ACTIVATOR is voltage controlled
with a 12dB per octave roll off
below a centre frequency which is
variable between 2kHz and 8kHz
It also has variable resonance or
SELECTIVITY. It is possible to tune
and emphasize particular
frequencies within the signal to be
processed.

The Activator is designed so
that whatever size signal you put
in, the same size signal is output.
Harmonic enrichment maintains
the correct proportions. The
relative level of different order
harmonics is determined by a time
constant rather than by signal
‘aimplitude, avoiding the use of
separate ‘Drive’ and ‘Mix’ controls
as on most existing designs. These

ETI JANUARY 1986
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interact and their combined effect
is largely to make the display
function correctly.

The Activator display is
designed to indicate the
proportion of harmonics added to
the original sifnal, independent of
overall signal level. The display will
not respond very much to signals
peaking much below -10dBm but,
since~10dBm is the standard
domestic recording level, no

_problems are envisaged. The unit

is equally happy with 0dBm
signals.

The Ins and Outs

Line level, balanced and
unbalanced inputs and outputs are
standard in this family of units,
Phono sockets have been added

height, ensurirzf correct S
orientation of diodes, LEDs and,
where appropriate, capacitors. It is
a good idea to bench-test the
completed board prior to bolting it .
into the case and wiring it to the

- sockets (Fig. 3). -

Use

With the Activator processing a
signal (left-hand LED green) adjust
the PROCESS LEVEL control so
that the disEIay peaks at about half
full scale. The ultimate decision
must be based on your listening
judgement, but remember that
excessive high frequency is very
easy to get used toand you only

INPUT >

HIGH PASS

HARMONIC

OCTAVE

GENERATOR |

Fig. 2 Block diagram of practical enhancement arrangement.

to the Activator with the domestic
hi-fi owner in mind. The unit will
handle signals well in excess of
+10dBm.before clipping, unlike
some of its more prestigious and
expensive cousins. :

Construction

Few problems should be
encountered in using the double
sided PCB. The most important
thing is to ensure that all the track-
linking pins are soldered on both
sides of the board! Enough said.
Assemble components in order of

find out about it when you come
back to your recordings after a
break. Suffice to say that if the
display is constantly in the red,
you are overdoing it!

The Activator will impart an up-
market, up-front quality to live
sounds. In recording almost
anythinF will benefit — dull
guitars, lifeless pianos, drums and,
in particular, vocals can be given a
breathy and intimate quality.

The unit will also be found
indispensible for cassette
duplication, helping overcome the
inevitable loss of quality.

REAR PANEL CONNECTIONS

LEF
BALANCEO
ouTPUT

WhoRs ,
Fig. 3 Rear-panel connections. S i’

28 b3 2% @3

BALANCED LEFT
INPUT BALANCED
., L INPUT .

3




*10)eAIDY 3y} Jo wesSerp m

VLBNL = V'E'ZL0 ¥ Y Y R ! unoup apapdwo) ¢ 84 | S

mmwhww_w_ - m—_% LNId €L Ntd LL Nid 8 Nid ¥ Nid . %

e oL 9 S'¥91 oL'6' '€l 8T 1O <

o ) 9Nld  vNid LN <

s wd AT LG =001 » » » 2
009ELINT = S'PI _ IAv

20018 = £E0) : 3

LO1L= 87101 . not H 2

1HOIY
S1NdNI
INIT

e vas

L} 1HOtY
1NN
Q3ONVIVE
ois
Q30NVIvd
F
—_ L
ASL+O— 1191 0 -
8 9 L} w_m‘.w $S3004d
5 3 e s e oy
1] oW 10
@31 va31 E£G31 Za31 La31

g3y a3y N3IIUD N3IFHUD N3IFHO La ‘ i —|\0Vm¥m

1331
1S wzz L ALIALLOAT3S oLy SENdNI
YZH > BEAUS oul WWY
ouL &

Fexs

e
3]

z n% 1331

10dN!
a3ONVIVE
Y [N S
e MWL
<)>>\|_ . X
ASL- O-WAWW-AWAA~O ASLH

My W00L
< opH.  TAY




tor

iva

Acti

PROJECT

"LEDI ‘dip saaup req ay) 0}
pay st a8ejjoa joquod Hq Sugmsas ayy

PU® 06Y pue 0£D ‘vA ‘GeDI Aq payndas

pue payydwe s1 eg)| jo ndno ayp
V10 343 jo ured ayj sjas piym aSejjoa
josuod 3y} dnposd 0} sapi0 s qLH]

Aq payys [aaaj pue 96Y pue 97 ‘eq
*e1D1 Aq paynoaa st feudys indus ayg
‘padnpau st feulss souow
-rey ay} o) paydde ure3 ay} saseasnur
[2A9] [eudis Jndwi 3y se spiom
Jayio uj eusis indw ayy jo janay ayy

Aq pajjonuod win} w st yorym ‘gL Aq
P3jjo5uod si eg)) jo uted ay) Jng eg))
Aq pawuns ase Q) pue §) woy Hui
-B1awb speudss soouuey Jydu pue yaj
Yl "0LD1 V1O pue eg)} punose jng
St Japip andofeue ue siy) aAdyoe oy

‘[2A3] feusis |fesanc ayy o) uey) zayjes
‘soOluouney  pajesaudd a3y jo aA9)
3y} 0} Ajuo puodsau ydesSseq ayy ayew
0} S1 35IAX3 Y} JO 1>alqo ayj “Aejdsip
3y} SWIAdUOD AN Y} JO JS31 D
*(ss3201d) uaaa3 o) (ssedAq)
pa1 woy (93a37) ydesdieq ay} jo paj
WoROq Ay} SIYPJMS LS JO Jjey Jayjo
Y] ‘suosuedwod Jaye pue auojaq,
ajew 0) 13pio u Apuanbayy agq |pm B
YIIYM N0 pue ul paypums st PP ayy
uaym P JuaAdd o) Bulyopms Juaps
apuoud ZO pue LD ‘S7D ‘084 ‘CLMS
‘LAY 10d 13AT1 SSID0Ud Y
e [eudis passadosdun ‘euiiuo ay) o)
Pappe are yaym asay) si 3| ‘pajessuas
u3aq ARY YIYM sdwoumey Ay}
SIABJ| pue [ejuawiepuny 3y} o s[3d
-ued> /31 ySnoay) (£9y pue 9y Aq pue
LTY pue Szy Aq 19s) suoniodoad 1das

-"-100 3y u1 Jndno 13)]y 3y) yum xpeq p

Supay "pajsaaus st 93] Jo Indino ayy
"Aes ‘sy] O Jo sansualdeIeyd JRaUl
-uou ay} 10 sxpomjau apoip Suikojdurd
Spoyjaw 12430 o} souadns si pue [ard)
jeudis jo juapuadapur Aprej si yoym
ulojaaem ay) jo 3uipuaq, [eoujawuks
sapioud poyjaw siyj ‘jews 0oj sawy
uaj) ase PIYM £z) pue L) siojdeded
juejsSucd  dwmy uu_k papinoid i
11 "9D1 ‘diyd Jopuedwod /¢ e Suisnqe
Aq pajesauag ase sojuowey ayy ulisap
SIy} uj "AINdJID UONEIIUIS dluouLe
Jeauij-uou ay) o} sassed 7 pue | sw
€31 Je ndino sy ssed ySiy
*Aduanbaay
anuad a3y} punose gpzl Inoge Aq
asuodsai 3y} dn Sunjead snyj ‘paonpas
3q o} g wid )| pue )1 je Jndno
ssedpueq ay)l woxy yoeqpasy aay
-edau ayy sajqeud ‘gAY ‘0A1U0 ALIALL
“D313S 341 “ZAY ‘[0oNu0d INNL ) Aq
ZHIg pue ZH)Z uaamjaq jdoms aq ued
PIym ‘Auanbay a:3uad ay) mopq yo
{102 2Ae10 13d gpz| e yum 131y ssed
y8iy pajjonuod ale)joa e uuoy ‘sH) pue
31 ‘(SV10) sidydwe duepnpuod
-sued} euogyesado fenp ase q pue egy|
- Aapndap
ureyd  apis  Suyesauad-soowley
A pue ‘gy] ‘ssaaup ndino g
0} A[13311p p3y s pue Yds st jeusis ag
jutod sy} woay e pue qzD| Aq paxiw
ase speusts Suninsaa ay) p pue dz) Aq
pasaynqg ase sindui pasuejequn o._..uz,
‘p pue 317 Aq paduejeqap ase sndu
[PA3] auy ‘paduejeg NDID 021935

- 3y} Jo weideip 3)a1duwiod 3y s1 p 3y

TI JANUARY 1986



2
SNIdOY3IA= ® — “
SNid ONIINIT 834 = @ et |
E 3GIS ONYH LHDIY 01 SLV 13 3DVXIVd E m
W, 3
— © o VBT v Z
O E
-1431 LHOIY S1ndnNI S1NdN# 13%20S $1ndino S1Nd1NO 1437 LHOI Y
1NdNI LNdNL Aovr ONOHd H3IMOd ONOHd NOvr 1Nd1No 1Nd1N0
Q3ONVIVE A30NVIVE “ . Q3ONVYIVE Q3IONVIVE
-pajensas , ozl 86y 10)RAI}D® 34} JO Aep4ar0 Juduodwo) G "8y
pes aad ewgoL @ ASL F Addns 9.9TN LD} yz8 L6Y
samod {gjo ) sidysem Juppo| pue 3080€VD : (1} ]] 0Ly : L6Y
$110q ‘sinu Vg9 ‘(o 6L) suidoan (o mem%b wwn v_mw_m opww__
L9) sutd Subjuy gDd ‘(0 ¢ ‘sidysem NOOIELWT - S 9l ) IR IKY
Buppo pue sjoq spu snid pap zZou £'Ol : UOOL ‘b ‘LE ‘€ ‘SE ‘pEY
-pnis pue padde)) siejid Dd ‘ased ‘@Dd vLO1L . 871Dl AT T6 ‘€878 'LL ‘LEY
{@yo £ ‘mans-quid io 13j10d) sqowy , SYOIDNANODIWIS ySL 89 ‘99 ‘ot
13)pos pued _ : LT 29 ‘LT
NIQ utd-¢ joid €IS : : O £9°6S ‘€T ‘6LY
A1X Supunow 49)s3kjod ugL i) . £8'98 ‘29 19 ‘8S .
_ pued ajewy LIS ‘ ¥E ‘SE ‘0E ‘92 %L ‘LS ‘TT ‘LT 8L ‘1Y £5€2 L9790 duoydapy (16 ¥1LOL
sjpoos ouoyd 103Ul AOF NOL ‘vz 'TTTLOLD ‘ . ) 09 ‘96 :c>ua~ Yynowusd anuaAy  ded
Sugunow aued 8°L!9'S JNWRIAD QUL LZ ‘0T ‘6 ‘8D ‘SS 'S ‘€S ‘TS ‘0T 432Qq ‘piojsjoqqy ‘Buudaudug punos
19005 quedijod ugLy 6L‘8LL'9D X6E ‘9L ‘SL‘pL ‘EL ‘TLY ANIHDVW WL ejuo)  “Bubped
el % OuoOW 0L'6 'y ‘OIS onuesdd dzy 9L ‘D o 00L ‘66 pue adejsod ‘LyA 3apnput sadud jly
© ¥1X 3ugunow TELE ‘6T ‘8T - . 5668 'S8 LS ‘08 "00'4ZF 10> 3njd e uy Aiddns samod
[aued ajewa; z'Wis sa)sakjod ugoL ‘sz ‘€T ‘5L LL‘ED o M00L ‘6% ‘6€ ‘LL ‘0L ‘6Y }ing Apeas ay) 00" LF Je ased ay} pue
SNOINVTIIDSIW PIRUIMAOY LN ‘PLEL'STLD : QWL . 8.'88°9’SY 00'6F e Ajgjesedas ajqejeae st §1d
: _ SHOLIDVEVD , o " 9606 ‘€L ‘TL papuasa) ‘papis ajgnop ayi -Bupjped
@11 inojodu) 93l . .7 ‘0L’6989°99 ‘¥9 pue adejsod ‘avA Supnpul 00'vLF
aalp S og'van - : . R TR A A o} SuumaauiBuz punos INIHOVW
aijuwsain g 74qail— |enploduyzz £AY ‘7€ ‘08628257 IWIL woly 3qejieae si  diempley
6L8ENT 10 yod uy %00L AN . 0L ‘vz8v'ET L P3)eI>055e puE ased [33)5 paysiuy ATy
PL6NL v‘e‘za fenp jod Soj Ly LAY © (apixo [ejoui % j€) SHOLSISIA -~ 3y Bupnpul sued jo Ipy jajdwiod v
_ v ) 3
\ - 1511 s1¥vd SANIIANG
g




Isn't it time you traded your micro
for one of our home computers?

- This is the RAF Tornado GR1, one of the world’s
most sophisticated fighting machines. And, naturally, it's
packed with computer hardware and software. Everything
fromtheweapons-aimingsystemstothelow-level, terrain-
following radar and the advanced fly-by-wire control
techniques relies on on-board computers to deliver an
accurate response at 1,400 mph.

. If you have a talent for electronics, you could soon
be working with technology as impressive as this.

. The three-year RAF Apprenticeship will earn you
internationally recognised qualifications and an RAF
career in mechanical or electronic engineering. :

- RAF technical training is regarded by industry as the
finest this country has to offer. So, naturally, we have high
hopes for our Apprentices, many of whom will g0 on to
become Officers.

Places are offered in spring and autumn to young men
and women aged 16-18": (with a minimum four ‘O’ levels
at Grade C or above, including Maths and an appropriate
Science). But competition is fierce, so apply as soon
as possible.

Don’t let the.thought of leaving school put you off,
remember this isn’t a typical apprenticeship. It pays well
and you'll learn as much as you would at a college, with
friends of your own age. : :

Cut the coupon for more details. Or call in at your
local RAF Careers Information Office. (The address is in
the phone book under Royal Air Force.) '

APPLY NOW FOR ONE OF THE 120 PLACES NEXT SPRING.

I To:RAT (AH) CAREERS (1001/01/01), LONDON ROAD. STANMORE, l
MIDDX HA7 4PZ. Please send me details. L

;\ddrvs; " ‘

l Dateofbivth—___Fornal application must be made in'the UKD
| RAF ®© Apprentice

|_ ENGINEERING TECHNICIAN J .




his is the second in a series of

T articles which describe the

‘@ design, construction and use
of a powerful, 8-bit, single-board
microcomputer based upon the:
6809 ‘ icroprocessor. The board
uses the Flex operating system,
giving access to a wide range of -
cross-assemblers and making it
particularly suited to software
development work. As well as
havingall the features usually
found on a Flex standard machine,
this design also offers very high
resolution monochrome graphics,
128K of graphics RAM, a RAMdisc
system which uses a variable
amount of the 128K graphic RAM
and appears to an operating
system exactly as though it were a
floppy|disc, and an EPROMdisc
system which consists of a small,
plug-in board and again appears to
the operating system as a floppy
disc. Other features include a

and an on-board EPROM
programmer, and the complete
package is available in kit form
from Micro Concepts.

In this article we will look at the
workings of the microcomputer
section by section. In subsequent
articles we will be describing the
construction of the board and how
to useiit.

The CPU, Memory, Buffers
And Decoding

The‘core’ of the Microbox 1l is
formed by the processor IC1, the
SAM chip IC2 and the memory
IC3-1Q12. IC2 has several
functions. First, it takes the master
16MHz clock from IC15 and
generates the 1-2MHz processor
clocks} The processor address is
converted to the multiplexed
eight-bit buss and control strobes
necessary for the eight 64K
DRAMs, IC5-1C12. 22 ohm
resistars in these lines damp any

battery backed-up real time clock

809-BASED
ICROCOMPUTER |

Designer Dave Rumball takes us Achip-by-chip through the
circuitry of his single board,computer.

si%'nal reflections or undershoots
which would disturb the DRAM
operation. It also defines a three-

‘bit decoding buss which is used by

the decoding logic. An 8K EPROM,
1C3 holds the monitor program
and system service. IC4 buffers
the DRAM read data onto the
processor data buss, whilst IC13 is
a bi-directional buffer between
the processor and the peripheral
data busses.

The low order address lines,
the control strobes E and R/W,
and the reset signal are buffered
by IC18, which has its two enable
signals grounded. The reset signal
from SW2 triggers two time
constants, the shorter of which
resets the SAM chip by pulling
VCLK low, whilst the longer resets
the processor so that the SAM
chip comes out of reset before the
processor. Note that no use is

made of the SAM chip’s video
capabilities in this design.

"The HS pin is tied low on the
SAM chip. This frees up an extra
RAM cycle per CPU cycle allowing
operation at 2MHz. However the
SAM chip stops refreshing the
DRAM at 2MHz, so operation at
this speed can only be for periods
of less than 2ms, or longer if the
operation itself refreshes the ,
memory as would a transfer of 256
bytes during a disc operation,

The memory system map is
defined by IC65 and parts of IC14
and 1C16. The memory map is
filled with the 64K RAM, except
for the top 8K section which is the
monitor EPROM. This 8K section is
split into two, and the bottom 4K
may be switched between
EPROM and RAM with the MAP
signal from the system PIA. This is
used in the current software to

ETI JANUARY 1986
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Fig. 1 Circuit diaéram of the CPU and memory stages.
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Circuit diagram of the system interface.
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- signal w

switch out the diagnostics section
of the monitor when Flex is
loaded, freeing up an extra block
of memory which is used for text
drivers and character sets.

The top 256 bytes of memory
(as defined by the SAM chip) are
given over to three 32 byte I/O
slots and the addresses used to set
the SAM chip control registers.
The first of these 1/O slots is used
for on-board devices, and is .
further decoded to eight, four-byte
slots by IC17.1C16a generates the
RDS and WDS control strobes
used by the non-Motorola
peripheral devices. Because the
NEC720 graphics controller does
not have a separate CE line, there
are separate strobe signals for this
device. Finally, IC15 forms a
standard crystal oscillator which
generates the master 16 MHz
clock.

The System 1/O And
Serial Ports

The keyboard and printer ports,
together with a number of control
signals, connect to the two parallel
ports of a single 6821 type PIA,
IC19. The centronics printer and
parallel keyboard share the first
port.via two tristate buffers ICé67
and |C68. The PIA portiis normally
set for input from tﬁe keyboard,
with the keyboard strobe going to
the CA1 line. When printing is in

rogress, the port is turned from
input to output and a strobe signal

. is sent on the CB2 line. This

operation is performed for each

.character sent to the printer — in

between each character, the
keyboard is examined so that

. keyboard characters are not lost

whilst printing is in progress.

The other port of the PIA is
given over to various system
signals. There are four inputs from
four switches which the software
uses to set certain parameters
when the comguter is first
switched on. The remaining four
lines are four outputs, the MAP
line for the decode section, the
DRV select bit and DDEN line for
the flopﬁy disc interface, and a

ich enables a sounder to
give a‘beep’.

The serial ports are provided by
asingle IC,aWD2123 DUART
(1C20). The internal baud rate
generators derive their timing from
a 1.84 MHz crystal oscillator. The
data and handshaking lines are
buffered from TTL to RS-232 levels

"and back again by the obligatory

75188/75189 pair.
ETI JANUARY 1986
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The Floppy Disc Interface

and PROMdisc [ B
The floppy disc controller is e %
refreshingly simple: it consists of e Siin
iust three 1Cs, two of which are SSI Ao 1
uffers! The work is done by 1C24,
a WD1770 floppy disc controller, nd: TEERFOTSE
whichhconlndectsb irectlly to the | L'
eripheral data buss. Input signals - Trafi d; RS
?ro mpthe drives are buffgred by 50 04 A0 }v“r L
IC25, whilst output signals are I B g WRTERTEGT
buffered by 1C26. The two drive P — Y A
select lines are derived from a ' et pat e BREETIoR
single signal. This means that one o les el
drive or the other will be selected sres| 22 uNt = cLoppv
all of the time, and its drive select oo rozos RORT
light will be on. This causes no ol PNt o FRTESRTE
harm if the drive is set up to load P — | e
its head with the MOTOR ON ‘ wolZ NG S,
signal. The drive motor timing is R el
set by the 1770 by counting index wol22 s o
ulses. It will stop the drive nine ezl A3
index pulses after the last : : ves
operation, and will delay any » uN e S
operation until six index pulses [ Dm.
have occurred. 188wy | HD 2 -
The EPROM disc is formed ' e o ’ 5

\ from an 8255 PIA, four EPROMs Fig. 5 Circuit diagram of the floppy disc contr lier.
1 and an eight bit counter. The data -8 g PPy oniroTer
1 lines from the EPROMs are :
{ .

connected to one of the ports of

15Y O

By
0
2

R

the PIA, 1C28, and the hi%\ eight
address lines for the EPR Ms to

|

o
)
wl

|

o
i
!

‘ another. Chip enables for the four
‘ EPROMs, the program line for one

o
o

1
|
|
1
';
\

of them, and clear and count lines . ;
for the counter are connected to e R '
the last port. Because Flex only _ ‘ :
R reads data from discs in chunks of — roofiL L
1 |
i
|
'.
1

256 bytes, not every address line
is needed and the low eight BAD om————%¢
address lines can come from an ] ver
eight bit counter. TO read a -
‘sector, the processor selects the w58 )
correct EPROM as a function of _ w -4
the ‘track’ and ‘sector’ numbers, wos R pa0-1§
then clears the counter and clocks | peser
it 256 times, moving each byte for
the port to RAM as it goes. S BTSE oA ons
EPROMS may be programmed B e LI -
by applying 21V to the VPPJ)in, h
setting the address lines and data,
and then pulsing the program line
for 50ms.

TDICs
3-33

1C28 IS 8255
1629 IS 7415393
1C30-33 ARE 27128

73631

The operation of the remainder
of the board will be described next
month, when we also hope to bring
you complete constructional
details including board overlay and
parts list. If ou’d rather not wait
that long, a kit of parts complete
with full constructional details is
available from Micro Concepts, 2 s

- St. Stephens Road, Chelten am, . MAIN BOARD : PLUG INEPRO

g’;%gfg?srssgge GL515AA, tel Fig. 6 Circuit diagram of the EPROM disc interface and board. ETI

 ETIJANUARY 1988 I 39




® Hi-fi ® Public Address ® Disco ¢ Rugged & reliable
¢ Immediate’'despatch e Very low distortion - -
oo %Metal (TO3) output devices
= ® Powers quoted RMS into 8 & 4 Ohms
7 e Full data. _'uppli'ed
i :

Voo :.' r
Type' ™ °“ Output

N~ | UK Built

s Bi-Polar 50-100W £8.75 £10.95

_Bi-Polar 75-200wW £10.95 ' £14.95

B Y o .|, 'Bi-Polar 200-300W  £1950 £24.95

W/ SY B T [EE L ‘Mos-Fet - . S 75-150W' ¥ N/A £19.95

PR S Mos-Fet _200-300W N/A £32.95

, . prec:s:qn,p_(q[{f p arms.. . | " Mos-Fet - : . 350-500W-  N/A £54.50
Please call or write: £1.75 P8P

SME Limited, Steyning, Sussex, BN4 3GY : R.A.K.

Telephone: 0903 814321 Telex: 877808 G Rosewood House, Bridge Road,
N wwh—aSatis—SS.

Downham Market, Norfolk PE38 0AE
Tel: (0366) 382614

r M CONSTRUCTOR SERI_ES_ SPEAKER KITS : : . ,
Based on the famous Kef Reference Series, these three DIY designs give the homé constructor the
gpportunity to own an upmarket pair of loudspeakeérs at a very down-=to—earth price! - '
‘With a Wilmslow Audio Total Kit it’s so easy —.no electronic or woodworking
jkill is necessary. Each kit contains all the cabinet components (accurately machined
rom smooth MDF for easy assembly), speaker drive units, crossover networks,
wadding, grille fabric, terminals, nuts, bolts etc, o ' '
Model CS1-is based on the Reference 101, CS3 is equivalent to the Ref. 103.2

*

nd CS9 is based on the Reference 105:2 (but in a conventionally styled encl.).
CS81 £116 pair inc. VAT plus earr/ins £6 . .
3'£138 pair inc. VAT plus carr/ins £10 e also offer a Kitlless cabinet) .
C$9 £383 pair inc. VAT plus carr/ins £18 for Elector , :
e Lightning service on telephoned credit card orders! i - e
WILMSLOW AUDIO LTD. 35/39 Church: Street, Wilmslow, Cheshire SK9 1AS Tel: 0625 529599  DIY Speaker catalogue
' Call and see us for a great deal on HiFi. (Closed all day Mondays) B £1.50 post free (export $6)

J

i

Master _ AFFORDABLE ACCURACY
« u . o ;j(j)UALITY MULTIMETERS FROM ARMON
Electronics - Microprocessors [l
-Now! The Practical Way!

ILLUSTRATED
HC-5010
£36.50 + VAT

@ Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way. -
@ Recognise and handle all
current electronic components
.. and ‘chips’, _
* @ Carry out full programme of .
experimental work on electronic computer circuits
. including modern digital technology. :

A comprehensive range of
5 Analogue and (Pushbutton or
; o Rotary Switched) Digital Models

@ Build an oscilloscope and master circuit diagram. , cd
@ Testing and servicing radio < TV, — hi-fi and all types of ‘;NALOGUE ‘ ‘ Eﬂ{ﬁ&m e
| nic/com industrial equipment, Hi-10262 ' recy. Standard Model . 0
electronic/computer/industria quipment 10ADC Range, 20€UVDC, Buzer, Batlery Test 1106010 0.25% Aceuracy, Standard o
19 measuring ranges HC-50107 0.25% Accuracy. TR Test Facifi
NewJob? New Career? NewHobby? i % TR Test Fckl o
SEND THIS COUPON NOW. Low end voltage & current ranges, Jack for Audio  DM-105 0.5% Accuracy. Pocketable 2150
gop;g.':ﬂ?né'"ré@; .................... ecrrnnn £11.00 f"L. models have full functions and ranges 1
: leature:
" OR IONE US 062 67 611 =t HM-1015 3% digh 05" LCD display
gn EtE;’éme'éﬁfn SES\‘,.éE, . C AC i Rugged. Pocked sized meter, for general purpose Low battery indication .
. . i ‘use oo £7.50 Auto zero & Auto polarity
! arfn interested in ] 16 measuring ranges %Aga%;nc:a;?w (hot DM-105)
] ‘L1 ELECTRONICS 1 Batlery; Test Leads and Manual inciuded with each Overload Protection on afl ranges.
s ADDRE:! — M!CROPROCESSORS L ] o . Battery, Spare Fuse, Test Leads and Manual.
I"\"’ . 3 —_]RADIO AMATEUR LICENCE ] | - FULL DETAILS ON APPLICATION FROM:-
= C—IeITY & GUILDS EXAMS 1 ;
G : . H ARMON ELECTRONICS LTD
[ ] T : . OtherSubjects................ .. DEPT. § HERON nousTe,E N 9 %ENMEB&EJO gl%z 70%.&5"&5;, MIDDLESEX HA9 8AG
IWWM&W&MEO.M?TM.D&Vm,NHOHS' PLEASE ADD 15% to your oder for VAT. Bep Free of charge, Payment by cheque wh order
3 ---—-———----—---------—---- oo - - T ol
f Trade enquiries invited eppilca e Ploaso allow 28 days for delivery
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PROJECT

ETI WALK

Do you have a personal (hi-fi) problém? Ram Chandru has a
battery of suggestions to help you overcome it.

In recent yearg, anew : -‘ ' SPECIFICATIONS

generation of miniature tape Mo
players and radios has » AMPLIFIER

knbyed on the market. Popularly | || Outputpower 2 Rms Ber Channel Into ok (s Sreration)

known as Walkmans, they are - a 1.5W RMS Per channel into 4R (13V SCeration |
battery operated, have minjature -Input sensitivity 80mV RMS for full output o T
headphones rather than THD ' typically 0.2% (from IC manufacturers data — not measured)

: {| Bass control £16dB at 50Hz
loudspeakers and are designed for Treblo comerol - *14dBat 10kHz
use anywhere at anJ' time, The " :
quality of the soun reproduction DCSUPPLY = - ' :
is usually pretty good and they Output voltage adjustable over the range 1.5-9v :

have proved immensely popular,

Overload protection . . current limiting at 500mA (at 25)",C heatsink temberature;’ ,
They are not without their ‘ ' S :

reduces by 2mA/°C above 25°C ,
LED Indication of overload condition

drawbacks, however, As anyone o :
who has used one of these , BATTERY CHARGER - :
machines will know, the current Sonstant current output 50mA : » . .

. ’ . Overcharge protection charging ceases when terminal volta e exceeds a preset
consumption tends to be fairly A figure, adjustable between 1.5 and 9y R
high and a set of batteries doesn't b indication of charging S J
last very long, Also, whilst at first i : : : : i
sight they may seem ideal for use e e :
as the basis of a‘second’ music The Walkmate'has been every type of personal stereo we
system in the bedroom or o designed to overcome these | have come across. The constant
elsewhere, in practice it is not easy | problems and allows a miniature ~current charger can only be used
to use them in this way. The tape player or radio to be used with rechargeable batteries, of
output level is not suited to the - indoors with standard L course, but offers the convenience -

' inputs on most amplifiers, the , loudspeakers at minimum cost. It | . of recharging whilst the unit s, o
preblem of battery consumtpion consists of a regulated DC supply, being used, ready for later use ‘
remains, and while purpose- uilt a constant current battery charger elsewhere, The stereo amplifier -
miniature amplifiers and and a stereo amplifier with tone delivers up to 2 watts RMS per
loudspeakers are available these controls, The regulated su ply is channel into 8R, and the complete ‘,
too are battery-operated, pushini overload protected and offers system operates either from the -
the overall running costs very hig 500mA at between 1.5 and 9 volts, | mains or from a 12v car battery.
indeed. : a range which accommodates - . ’ ' ‘

: The Circuit
rc cansrommen ; 21y ] o The circuit of the Walkmate is
Malls o—{" ! SMOOTHING |y REGULATOR pmmeQ OUTHUT shown in block form in Fig. 1. The
RECTIFIER : i incoming mains is passed through -
R the transformer and rectifier to
2y | GYOLTAGE. produce an output with an .
average value of about 18V. This is
CONSTANT A passed to the smoothin network
QCURRENT ‘outest | | Vviaaswitch on the 12V DCinput
: socket, Inserting a 2.5mm power
i . jack into this socket will
L : —1 : disconnect the transformer and
‘ L : rectifier from the rest of the circuit.
L D D —0 O-mg : A'rﬁferen_ce voltage is deride
R T Sy T et e || feum it main smoothed supely o
A [> {%’ ! voLuME D N | | constant current generator. The
BALANCE ..:._r ; R reference is provided by a 1.22V o
ZREAMPLIIERS , E band-gap IC, but several stages of.
: : dropping and 'filt?ring are used to -
: ; — S ensure as ripple-free an output as
Fig. 1 Block diagram of the Walkmate circuit. o . possible. Thﬁfis important because

ETI JANUARY 1888 . ‘ . , "




1C2h, Q6 and QB form the basic power
supply circuit. Q6 and Q8 are connec-
tedéas a darlington pair in order to

supply a relatively large load current
(50 ‘mA)‘ with only a small bias from
1C2b. The short circuit protection
consists of R13, Q5 and Q7. When the

load current through R13 reaches a

. value such that their product reaches a

diode drop, (in this case 500mA), Q5
conducts and turns Q7 on to divert the
base current of Q6 to earth, thus limit-
ing the power dissipated in Q8. Q4
Auris on LED2 indicating a current

. Iim1ling condition. The output voltage
can

be adjusted by varying RV2. C8 is
included to reduce the ripple present

at the output. The impedance through .

C8 fis very small compared to the value
of R16, so the ripple is bypassed to the
op-amp input. C9 reduces the high fre-
quency impedance of the power supply
and C6 and C7 are there to suppress
any loop instability.

ne point to notice is that Q8 and
Q4 are thermally coupled. This ensures
that the short circuit current will dec-
rease as Q8's junction temperature
increases so that thermal runaway will
never occur. As

Vpe (0f Q4)

i short circuit

R13

and Vpe is approximately 0.6V at room
temperature, the short circuit current

il be about 500mA. However Vpe has
a temperature coefficient of -2.1 mV/°C,
(the negative sign indicates that it dec-

ases with temperature), so the short -

ilcreasing heatsink temperature at

C{cuit current will decrease with
al

out

N

mA/SC (21 mA).
) 1.2

The maximum power dissipation in
Q8 is roughly 9.0W (0.5A x 18V). In
order to maintian a junction tempera-
re below 150°C a 7.8° C/W heatsink
is required giving a safety margin of
bout 60°C ambient temperature.

358N dual op-amp. Other common
ual op-amps such as LM1458 will not
o the job because the reference
oltage is too near to the earth poten-
ial. The common-mode input voltage
ange of the LM1458 is typically =12V
ith a £15V supply. That means the
nput voltage must be 3V above the
negative supply. In this case, the nega-
tive supply to the op-amp is OV and the
lreference must  therefore be a
minimum of 3V in order for the op-amp
to function correctly. However, since
the design strategy is to provide
voltages as low "as 1.5V, a small
reference voltage must be used. The
LM358N has a common mode input
voltage range including the negative
supply which suits our design. '

The IC used in this circuit is an

HOW IT WORKS

The battery charger is basically a
constant current sink. 1C2a, Q3, R7
and R8 form the basic constant current
sink circuit with the addition of Q1 and
Q2 as the cut-off monitor circuit. The
charging current is determined by the
value of R7 and R8 in series, Since the
reference voltage is 1V22, the current
is therefore 1.22/24 which is approx-
imately 50mA. Q1 and ZD2 monitor
the voltage across the battery under
charge. When the battery voltage
brings the potential at the wiper of
RV1 fo the zener voltage of ZD2 plus a
diode drop below the supply voltage,
Q1 will conduct and turn Q2 on to
divert the base current of Q3 to earth,
The cutoff is ‘soft’ since the zener
voltage is current dependent, and this
will enable. the batteries to maintain
their fully charged state. In practice,

. there will be a small current of around

4-5mA still flowing through batteries
when the cut-off circuitry is in action.
D6 prevents the battery discharging
into the circuit if the Walkmate is
disconnected from the mains. The cir-
cuit loop formed by Q1 and Q2 will
tend to oscillate when the battery ter-
minal is left open circuit, and C3 and
C4 are there to prevent this and main-
tain unconditional stability.

The charger has been desi ned to
charge four AA size rechargea%le bat-
teries. However, the charging current
can be altered by varying the values of
R7 and R8. At 50mA charging current,
no heatsink is required by Q3.  Its
power dissipation will be at a max-
imum when the battery terminal is
short circuit, which is 50mA x 18V =
0.90W. li the charging current is
increased to 100mA or above, a small
heatsink should be fitted to Q3. The
cut-off -circuitry can be adjusted to
monitor from a minimum of one bat-
tery up to a maxixum of six batteries. If
less than three batteries are being
charged ZD2 should be replaced by a
single diode (installed so that it has the
opposite polarity to ZD2, of course).

LED1 will light up when the batteries
are placed in the charger and will switch
off when the batteries are fully
charged, indicating that the process is
complete, With the cut-off circuit cor-
rectly adjusted, batteries could be left
in the charger indefinitely without
being damaged. .

In order to generate a constant
current sink and a constant voltage
supply, a reference voltage is needed.
The easiest way of generating a
reference voltage is by means of a
zener diode. The arrangement is ade-
quate provided there is not much rip-
ple in the supply voltage, but in our
case the rectifier output will contain
100Hz ripple of up to 4V.

An improvement is to use a diode
and capacitor as a peak detector which
captures the peak value of the ripple
according to the current drawn by the
diode. Since the zener current is very
small, typically 5mA, the ripple seen

across the capacitor is very small.
Another improvement is to use two
zener diodes. The output of the first
zener contains a small amount of ripple
voltage which is then further reduced
by the second zener.

The circuit used in this project is a

combination of both improvements. -

The average current into ZD1 is about
4mA and the current into IC1 is about
1mA. The circuit provides a reference
voltage of 1.22V. The dynamic resis-

tance of ZD1isa maximum of 30R and

the bandgap reference 1C1 has a max-
imum dynamic resistance of 2R. The
ripple seen across C2 is approximately
0.25V (with 1=5mA, neglecting the
leakage of D5). The ripple appearing
on the V ref line is therefore estimated
to be about 2uV. C3 is present to
reduce the high frequency impedance

" of Vref.

The first stage in the audio section is
the tone control. There are two basic
types of control, the negative feedback
type and the RC passive type. The RC
passive type has been used here
because it introduces less distortion.
However, because of the insertion loss
of this type of control, a voltage
amplifier is needed to provide a gain
equal to the maximum boost, in this
case 20dB (10 times). The amplifier is
usually placed before the tone control
if the input signal is small, so that the
signal is amplified before being
attenuated and is less likely to pick up
noise and hum. Looking at the right
channel (the left channel is identical, of
course), 1C3a is connected as an
inverting amplifier with an input
impedance of 100k. Since the op-amp
is powered from a single supply, the
non-inverting input is biased to the
mid-point of the supply by C13, R20
and R27. D7 and C12 form a peak
detector to filter most of the ripple
present at the supply voltage. C10 and
C14 isolate the DC level at the input
and output of the op-amp.

The power amplifiers use LM380N

1Cs which have a fixed voltage gain of -
.50. The output DC voltage is set inter-
nally to approximately half the supply

voltage. C28 and R34 bypass any high
frequency oscillation which might
occur. C26 is included to improve the
PSRR (Power Supply Rejection Ratio)
of the amplifier. RV7 provides the trim-
ming of the output DC voltage in order
to obtain the maximum symmetric
voltage swings. C30 is the output
capacitor, and its value determines the
low frequency roll-off of the circuit.
With an 8R load and a 2200u
capacitor, the -3d8 low frequency
point occurs at about 9Hz.

The two LM380Ns share a high
power twisted vane’ 10.5°C/W heat-
sink. When the walkmate is powered
from the mains, a 4R load is not recom-
mended because the ICs will be
operating in the current limiting mode
and power dissipation will become
excessive.
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Vref Qe

IC3 = LF353
IC45 = LM380
015 =RBC2141

Q3=B0D135
Q8 = BD230
D14 = 1N5400

024,67 = BC184L
=8D1

D5,6,7 = 1N4001

2D1 = 6V2 400mW ZENER
2D2 = 3v9 400mW ZENER
LED1,2 = RED LED, 0.2"
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Fig. 2 Complete circuit diagram of t
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he Walkmate
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any imperfections in the reference
supply will be amplified in the
regulator.

The constant current charger
provides an output of 50mA which
is suitable for the AA-size cells
used in most personal stereos, A
circuit is included which monitors
the voltage across the batteries
under charge and removes the
current when a pre-set terminal
voltage is reached. An LED
indicates when charging is taking
place.

When the audio output of a
tape player is connected to the

Walkmate, the signal is first passed
to a tone control stage built
around anLF 353 dual op-amp.
One half of the LF353 s usecf)in
each channel. Separate bass and
treble controls are provided along
with balance and volume controls,
The outputs from this stage feed
two LM380 power amplifier ICs
each capable of delivering 2 watts
RMS into an 8R load when the
unit is being operated from the
mains. When operated from a 12V
DC supply, the outputs can deliver
1W RMS into 8R or 1.5W RMS
into 4R,

Qs Qg
GLUED TO BOLTED TO
HEAES'NK HEA'I;SINK

\\/U

il !t: 11
@

HEATSINK

WASHER
'

e

No.6
SELF-TAPPING
SCREW

~———] . .
~ Fig. 3 Details of the
regulator heatsink

assembly.

PcB
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Construction

All of the major components
mount directly onto the printed
circuit board including the mains
transformer, the heatsinks, the
potentiometers and most of the
sockets. The fuse in the DC line
(FS2) is mounted on the board but
the mains fuse and socket are
mounted into the back panel of
the case along with the
loudspeaker connectors, SK6-9,
Connections to these and to the
battery charging socket can be
taken directly from the board or
via standard 0.1” pitch PCB
connectors if preferred.

Before soldering anything to
the board, Q5 has to be glued to .
the 7.8°C/W heatsink. Attach Qs
to the heatsink with an M3.5 nut
and bolt and then position the
heatsink on the PCB with the
transistor pins inserted through
the appropriate holes. Secure the
heatsink temporarily with the two
self-tapping screws, then place Q5
into position with its flat side
towards the heatsink. Put a dab of
Superglue or something similar on
the transistor and hold it against
the heatsink for a few moments
until the glue dries. ’
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The glue should be allowed an
haur or so to develop its full
strength, sO carefully dismantle the -
assembly from the board and put
it to one side while the rest of the
components are installed. Begin
with the resistors, the preset
tentiometers and the sockets

and also the smaller capacitors.
The large smoothing and output
capacitors should not be installed
at this stage. The fuse holder
should also be soldered into place
now, along with the PCB
connectors if these are to be used
for the mains, loudspeaker and
charging output connections.

Next install the diodes and the
transistors (except Q5 and Q8, of
ourse) and then 1C2 1,2 and 3.
ockets should not be used for
ny of the ICs because there is
ery little room on such a densely-
opulated board. The LEDs can be
|bstalled at this stage if desired but

ou may prefer to wait until the
oard is ready for installation in
he case so that they can be lined

up with the front panel holes.
Solder the potentiometers into
lace, taking care that they donot
interfere with any of the
components already installed.
~ Loosely re-assemble the
7.8°C/W heatsink on the board,
placing nylon insulating washers
on the two self-tapping screws so
that there is no connection to the
copper track. This removes the
need for a mica washer on Q8,
although a smear of thermal
compound here will not go amiss.
Position the transformer and C1
on the board and make sure they
clear one anotherand the
heatsink. Tighten down the self-
tapping sCrews, solder the
transformer pins and the transistor
and capacitor leads and then
install C34 and C35.

Loosely insert ICs 4 and 5 into
the holes provided and place the
10.5°C/W heatsink on toE of
them. Secure the heatsin with an
M3.5 nut, bolt and shakeproof

washer taking care not to

overtighten the bolt so as not to
damage anything. The pins of the
ICs can now be soldered on the
underside of the board. With the
heatsink in place, capacitors C30,
C31 and C33 can be installed and
the board is then complete.
The prototype was built into a
203 x127 x51mm vinyl-covered
steel box and the PCB dimensions
were chosen to suit it. This is
important since the edges of the
PCB must be very close tothe

HEATSINK

\n/
1cs 1ca

Fig. 5 The twisted vane heatsink
shown in position over 1C4 and 5.
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PARTS LIST

r RESISTORS (all aW, 5%) C9,14,15,24,25 10u 16V tantalum
R1,9, 10, 14, 1k5 6,27 - or radial
16,17 . electrolytic
R2, 3, 5, 11 ak7 c13 220u 16V radial
R4, 12, 25, 27 1k0 electrolytic
R6 68R C16, 18 33n polyester
R7,8 12R C17,19 330n polyester
R13 1R2 C20, 23 10n polystyrene
R15, 24, 26, 28, 29 10k C21,23 10n polyester
R18,19,20,21 100k C28,29 100n polyester
R22, 23 1M0 C30, 21 2200u 16V radial
R30, 32 220k electrolytic
R31, 33 22k C32 1u0 35V tantalum
R34, 35 2R7
RV1,2,7,8 10k finear enclosed SEMICONDUCTORS
horizontal preset IC1 . 9491 (1v22
Rv3, 5,6 100k fogarithmic bandgap ref.)
dual-gang PCB- 1C2 LM358
mounting IC3 LF353
potentiometer IC4,5 LM380
RV4 100k linear single- Q1,5 BC214L
gang PCB- Q2,4,6,7 BC184L -
mountin Q3 BD135
potentiometer Q8 BD230
D1-4 1N5400
CAPACITORS D5, 6,7 1N4001
C1, 33,34, 35 2200u 25V radial D1 BZY88C 6V2
electrolytic ZD2 ©  BZY88C3Vv9
C2,12 220u 25V radial LED1, 2 red 0.2” LED
electrolytic - '
C3,4,5,6,8, "~ 1u0 16v radial MISCELLANEOUS ,
10, 11 electrolytic (or 1u0 FS1 200ma fuse and
35V tantalum) anel-mounting
Cc7 1n0 ceramic older

front and back panels if the on-
board sockets and controls are to
be accessible. This would have to
be taken into account if a different
size of case were used for any
reason, '

Drilling details are given in Fig.
6. The battery compartment,
mains fuse, mains socket and
loudspeaker terminals are not too
critical in their positioning, and the

otentiometer holes will be
idden by the knobs so it won't
matter if they are a fraction off
centre, The holes for the sockets,
on the other hand, must be
accurately positioned if they are to
be accessible and the unit is to
look good. If you have any doubts
about your metalworking skills, try
~drilling a small hole first and then
place the board in position to
check it. If necessary, the hole can
be centred with a small round file
before final drilling out to the
correct diameter,

Before installing the PCB in the
case, carefully check it against the
overlay diagram (Fig. 4) and pay
particular attention to the
orientation of transistors, ICs,
diodes and electrolytic capacitors.
Check carefully too that there are
no breaks in the PCB tracks or
solder bridges between adjacent
tracks. In my experience, it is
usually a good idea to go away and
do something completely different

ETI JANUARY 1986

FS2 3.15A 20mm fuse
and PCB-mounting
holder

SK1 IEC three-pin
mains chassis plug

SK2, 5 2.5mm DC power
socket with break
contact, PCB-
mounting

SK3 PP3-type battery
connector

SK4 3.5mm stereo jack
socket,

- PCB-mounting

SK6, 8 red spring-loaded

ress terminal

SK7,9 lack spring-

- loaded press

‘ terminal

T 0-12 + 0-12V,
24VA mains
transformer,
PCB-mounting

. PCB; case; knobs, 4 off; heatsinks,
- 7.8°C/W finned T0220, 60 x 32 x
16mm and 10.5°C/W twisted vane, 38
X 28 x 22mm; battery holder and cl’ip—
-in battery compartment; PCB
* transition connectors if desired, 2 ofi
- 8-way and 1 off 3-way; two no. 6 self-
tapping screws (for 7.8°C/W heatsink);
10mm high spacers, 4 off; nuts, bolts,

etc.

— —

for some time after a board has
been completed. The mind is then
much cleared when it comes to
checking the board and potentially
expensive mistakes are easier to
spot. ' _ )
When you are convinced that ..

all is well, loosely install the board

in the case and then bend and fit

/|

the LEDs so that they line up with
the front panel holes. Remove the
PCB, solder the LEDs into place
and attach any flying lead
~connections to the underside of
the board. These will not be
needed if you have chosen to use
- PCB transition connectors for the
mains, output and battery charger
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Fig. 6 Drilling details for the metal case.
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connections. When all soldering is
complete, install the board in the
case using four 1T0mm metal pillars
and iconnect up the mains socket
and fuse, the loudspeaker output
sockets and the battery connector.
Don't forget to earth the metal
case.

esting And Setting-Up

arefully check all the
conhections to the PCB, especially
the mains wiring, and then set all
the [presets to their mid positions:
Connect a voltmeter between FS2
and ground and plug in the mains.
The voltmeter should show
around 18-20 volts. If the voltage
is significantly lower than this,
check the polarity of the rectifiers
and the smoothing capacitors. If
either of the fuses blows, switch
off immediately and check
everything again. ‘
hen the voltage on FS2 is

correct, remove the voltmeter and
connect it across pins 4 and 5 of
IC2 or some other point where the
reférence voltage is available. The
reading here should be between-

1.26V. If the voltage lies
outside of this range, check the
orientation of iIC1 and ZD1 and
the components around them.
* IConnect a milliammeter across
the battery charging terminals.
LED1 should light up as soon as
the meter is connected and a
reading of 48-50mA should be
obtained. Remove the milliameter
and connect in its place a set of
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.fully-charged or nearly fully-

charged Nickel Cadmium cells
and a voltmeter. The voltage
across the cells should rise slowly.
When it reaches the full termina?l
voltage (1.45V for each cell),
carefully turn RV1 until LED1
extinguishes. Remove the cells,
discharge them slightly and then
connect them as before along with
the voltmeter. Check that LE%1
goes out when the intended
voltage is reached, and if not, re-

. adjust RV1. This exercise may take

a little time but you can leave the
batteries charging or discharging

- while you carry on with the rest of

the setting-up.

Connect a voltmeter across the
regulated DC Output. A reading of
about 2.5 should be obtained and
this should increase and decrease

if RV2 is rotated. Set the voltage to

suit the personal stereo you plan
to use and then connect an
ammeter directly across the
output. LED2 should light up
and the ammeter should show a
current which slowly decreases
from an initial value of around
500mA. If a much larger current is
resent, disconnect the ammeter
immediately and check the circuit
carefully, paying particular
attention to the circuitry around
Q5 and R13. Check also that there
is no connection between the
heatsink and the copper earth
track via one of the fixing screws.
With the power supply and
charger circuitry working correctly,

PROJECT: Walkmate

all that remains is to test and set-
up the audio stages. Check that
the DC level across R21/C13 is
around 9V and that a similar
voltage is present on the outputs

" of the two halves of IC3 (pins 1

and 7). Next, check that about 8V.
DC is present on the output pins
of ICs 4 and 5'((§)in 8). Connect an
8R dummy load across one of the
loudspeaker outputs and injecta
1kHz signal into the
corresponding input. Connect an
oscilloscope across the dummy
load and adjust RV7 or RV8-as
appropriate until the output
swings are symmetrical above and
below 0V. Itis advisable to turn
the preset vegl slowly whilst
making this adjustment. When the
output symmetry is correctly set,
transfer the dummy load,
oscilloscope and signal generator
to the other channel and repeat
the procedure.

If you want to be particularly
thorough you can check the
operation of the bass and treble
controls using signal frequencies
of 50Hz and 10kHz Those who do
not have an oscilloscope will have .
to be content with setting the
output DC level at 8V as
described above and using their
ears to evaluate the operation of
the tone controls.

BUYLINES ____

The fixed resistors, the capacitors and
most of the semiconductors are avail-
able from a number of our regular
advertisers and from the usual mail-
order suppliers. The PCB-mounting
potentiometers are available from
Maplin, who can also supply the bat-
tery holder and clip-in compartment,
the 10.5°C/W twisted-vane heatsink
and the PCB-mounting jack socket and
DC Power sockets. The vinyl-covered
metal case used for the prototype also
came from Maplin and is known as
type WB3. The mains transformer,
enclosed horizontal presets, PCB-
mounting fuse holder and the BD230
can be obtained from STC Electronic
Services, Edinburgh Way, Harlow,
Essex CM20 2DT, tel 0279 26777. The
9491 bandgap reference and the
7.8°C/W finned heatsink are available
from RS Components who will-only
accept orders from trade and pro-
fessional customers. However, most
electronic dealers can order RS parts
or you can obtain them by mail order
from Crewe-Allan & Co., 51 Scrutton
Street, - London EC2 or Trilogic, 29
Holme Lane, Bradford, BD4 0QA, tel
0274 684289. The printed circuit board
will be available from our PCB Service,

for details of which see page 59. :
| fo ge59. ETI
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PROJECT

DIGITAL SOUND

In this (slightly delayed) article in our series on the construction
of a sound sampler for use with the Spectrum, Paul Chappell
finally gets around to describing the analogue circuitry. |

critical area in determining
the quality of sound ‘
'regroduction that a sampler will
achieve. Although it is possible to
sample sounds with little more
than'an ADC, a DAC and a home
computer, for reasons discussed in
an earlier issue (ETI, September
1985) the sound will not be very
pleasant. Refinements such as a
sample and hold circuit before the
ADC will help, but the most
spectacular improvements are
achieved by the inclusion of
‘suitable low-pass filters before and
after the conversion., T
Figures 1 and 2 show the
complete audio path of the
project. The input filtering is
incorporated in the circuitry
around IC2 and IC5 and the
- output filtering is carried out by
IC12, 1C13 and IC16. It seems, at
first sight, that the filtering should
be the most precise and academic
part of the circuit design: apﬁly the
correct formulae, use the right set
of design tables and you've got a
filter. As is often the case with
circuit design, it's far from being so
clear cut, and some of the
considerations involved are worth
a closer look.

1r he analogue signal péth is the

Filter Considerations

Let’s suppose that we are
sampling at 30kHz and so would
like to remove any components of
the input signal above 15kHz. The
.most obvious compromise is that
we can’t have a filter that passes
everythinE up to 15kHz and
nothing. thereafter, so let’s choose
the:-3dB point to be 12kHz and
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see where it leads us. We could
live with a bandwidth of 12kHz —
it may not be quite hi-fi but, in
comparison with TV sets, radios
and walkpersons it's not too bad.
We will also recognise that the
signal above 15kHz will not be
zero, but if it was below -50dB it
would be pretty well inaudible, so
we'll take that as a starting point.
The first shock comes when we
see the size of filter needed to
meet this sL)ecification. Fora
Butterworth filter response (one
without ripple in the passband) we
are going to need 11 Sallen and
Key type filter sections (like the
circuitry around IC2) all cascaded
together. That is, 11 op-amps, 22
capacitors and 44 resistors. Some
filter! With a Chebyshev response
we are a bit better off — witﬁ a

little over 1dB passband ripple, we
could manage with only 5 sections

and still get to-50dB at 15kHz;
with a little more ripple, we could
et it down to four sections, but

or reasons I’ll come back to later

we can’t allow too much ripple.

Switching To Capacitors

Because we want the filters to
track the sampling and playback
frequencies, switched capacitor
types have been chosen (IC5 and
IC13). These, in effect, sample the
signal and hand it back at the
output in the form of discrete
steps. For this reason they are just

as prone to ‘alias’ distortion as the -

A-D, D-A conversion process. It
may sound odd, but we need to
filter the input and output of the
filters! As the clock rate, or

output above 560kHz. As it can

sampling frequency, of the mobile
filters is 50 times the cut-off
frequency, the filtering .
requirements are not too stringent.
If ﬁ'le filters are set for 12kHz, this
means a sample rate of 600kHz,
and if we only attempt to remove .
signals that could give rise to beat
products falling within the range
up to 40kHz, we are only asking
that the fixed frequency filter
should produce an insignificant

beEin to roll off anywhere above
12kHz without interfering with the
bandwidth of the sampler, a steep
slope is not called for. Even
allowing for the fact that we may
wish to sample at rates below
30kHz — maybe even as low as
10kHz — we are still looking for a
good attenuation at 160kHz.

" As we are expecting the best
performance at a sample rate of
30kHz, it makes sense to choose a
cut-off frequency for the fixed
filters that will assist in attenuating
frequencies of 15kHz and above.
On the other hand, they can’t have
a cut-off frequncy of 12kHz to
match the mobile filters at this -
sample rate. If they were all
independently designed to cut off
at 12kHz, that is to say the -3dB
point for each was 121Hz,.the
consequence of cascading all five -
would%e that the attenuation at
12kHz would be -3dB x5 = -15dB..

- Not quite what we are aiming for!

A similar consideration applies to
the passband ripple that can be
tolerated — it can add from one
filter to the next and there could
be a good deal more at the output
than was intended. .

A third consideration is the ’
desirability of applying a certain
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HOW. IT WORKS.

Fig. 1 Analogue input circuit of the sampler.
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The input signal from the microphone

is first amplified by IC1. From the out-
put of IC1 the amplified signal passes
to 1C2 and to 1C3. Taking the main
signal path first, 1C2 and IC5 are low-

distortion in the sampling process. IC5

pass filters included to prevent ‘alias’
is aj switched capacitor filter with a

cutoff frequency determined by the
frequency of FCLK. FCLK is generated
by the sample rate circuit (to appear in

a later issue) and is proportionat to the .

.selected sampling frequency, so the
cutoff frequency of 1C5 tracks the

sample rate. IC2 is a lowpass filter with . .

a fixed cut-off frequency to prevent
als with a frequency above %FCLK
reaching 1C5.

13| where it is further amplified by an-
amount set by RV2. The function of
IC4| is to provide a signal SOUND to
the| control circuit when an input of a
sultable level is detected. When no
inplit is present the +ve input of 1C4 is
held at 0.7V by R19 and D3, the —ve
input is at +0.7V by the action of R20
and D4, so the open collector output
of 1C4 will be held high by R22. If the
put of 1C3 goes low, the +ve input

e output from IC1 is also fed to .- 4
" through D1,

of 1C4 will be pulled low by D1 but the
—ve input will remain at —0.7V, and
aliowing for the drop across D1 this
means the output of 1C3 must go
below —1.4V. If 1C3 output goes high,
1C4 will similarly be switched by D2 at

- 41.4V or above. A signal of 2.8V p-pat .

the output of 1C3 will begin to switch
1C4 on and off. LED2 indicates that this
is happening and means that an audio -
signal large enough to trigger the
sampler is present at the input. Adjust- -
ment of the signal level needed to

‘trigger the sampler is made by RV2.

Overload indication is provided by
LED1. If the output of 1C3 goes high
enough, current will eventually flow
through D2, R18, LED1 and D3. If it
goes low enough, current will flow
‘LED1, R18 and D4. The'
voltage level needed to begin to tight
LED1 is roughly 0.7V (for D2) plus 2V
(for LED1) plus 1V (for R2, assuming
that LED1 will just become visible at
1mA) plus 0.7V (for D3), equals 4.4V.
Similarly, —4.4V. will be needed to
begin to illuminate LED1 on negative

‘peaks, so a signal of around 8.8V pp

will begin to give an indication. The
LED will get brighter as the signal

Increases above this level, and can thus
be used to give a rough measure of
higher signal levels.

To return to the main signal path,
the output of IC5 is fed to the ADC cir-
cuit consisting of 1Cs 6, 7, 8, 9, 10. The
action - of this circuit has been
described in ETI, November 1985. The
output of the ADC will be in a compan-
ded sign and magnitude format. IC11
buffers the output of the converter and

drives the data lines D7 to DO when

STM is low.

There is no need for a sample and
hold circuit prior to the ADC because
this function is one of the duties of
1C5. 1f the clock of IC5 is stopped, its
internal state will effectively be frozen

. and the ouput will remain steady for

several ms before the leakage of inter-
nal charges cause it to droop. The con-
version time of only a few us is more
than enough for a very effective sample
and hold. When the control circuit
issues the START CONVERSION signal
(SCS) to the ADC, it simultaneously
turns off the clock to 1C5 and will not
re-start it until the conversion has

- finished.

The circultry to retrieve the sound
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Fig. 2 Analogue output circuit of the sampler.

R53 22k
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FROM KEYBOARD
GATE CIRCUIT

code from the data lines and turn it
back to analogue form begins with
IC19. This is an 8-bit latch which cap-
tures the data when it is clocked by
S$FM(1). The control circuit (to appear
in a later issue) sends interrupts to the
computer at regular intervals. The time
between the computer receiving an
interrupt and the digital sound code
appearing on the data lines will depend
on the point the computer has reached
in its current instruction cycle when
the interrupt is received. Unfor-
tunately, this time is variable and
unpredictable. If the output of 1C19
was fed directly to the DAC, the
ifregular updating of the data would
give rise to distortion of the audio
i signal. IC18 is included to even out the
update rate and set it to match the
sampler's requirements, not the
computer’s. ‘ ‘ o

From IC18, the digital sound codes
are sent to the DAC, I1C14. This IC pro-
duces differential current ouputs which
are translated into a voltage level by
IC15. From the ouput of IC15, the
sound is filtered by 1C12 prior to the

output tracking filter " IC13. ‘Once
again, IC13 has a low-pass cutoff point

set to suit the playback frequency by

variations in FCLK. This is, in fact, the

same signal that clocks CI5 — if the

sound is passed straight through the

circuit for test purposes, we want IC5_
and IC13 to cut off at the same fre-'
quency. If 1C13 is being used to filter :

sound from the computer’s memory, it
doesn’t matter what frequency IC5 is

clocked a, so the same signal can be

used for hoth. -
IC16° provides the " final low-pass

filter to réstore the step output from |

IC13 to a'continuoiis audio signal, At

-the output of 1C16 is a FET Q1, to turn

the output signal on and “off. 'Q1 is
driven from the gate ‘signal ‘from - the

keyboard,"'and " besides allowing - the
sound to be turned on and off when a’
key is degressed and released, it also.
allows some control over the attack "

and decayrites of the sound.
From Q7" the signal passes o' the

amplifier 1C17 ‘which provides a suit-

able output level. " -
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amount of pre-emphasis to the

-higher frequency components of *:

the signal before sampling and de-:
emphasising it afterwards. It's not -
good enough to tack an RC circuit |
to one of the op-amps to givea .
6dB per octave lift at the input and’
corresponding circuit for g 6dB per
octave cut at the output. ‘
Considerations of making life -
more difficult for the input LP

filters aside, the more important |
| ipoint is that when the sampled e
‘sound is played back at a different -

pitch, the entire frequency
spectrum will be shifted. The ‘
result is that the emphasised part
no longer matches the de- '
emphasis profile, so the upper
frequencies will be amplified or
attenuated in a way that was not
intended. On the other hand, it

- does seem rather extravagent to

use extra tracking filters just for -

| the emphasis,

The Final Circuit

In the circuit presented here,
the two mobile filters, IC5 and
IC13, are considered as part of the
same filter and component values
chosen accordingly. This avoids
the adding of the -3dB
attenuation, at least as far as these
filters are concerned, and has one
or two other advantages. The two
high-Q sections are placed before

{: the ADC which means that there
- will be arise in the gain at

frequencies approaching the cut-
off point: pre-emphasis. The two-
Q sections after the DAC, besides.
completing the filter profile, in
effect provide de-emphasis. The
hypothetical requirement for very
steep filter slopes has been
relaxed since it was based on the
implicit assumption that the =
spectrum of an audio signal.is flat,
whereas the amplitued of higher .
frequency components will
gﬁnerally be'very much less than
that of lower frequencies. The
filter requirements to achieve
good sound quality are therefore
not as strict as it would seem.
There is the additional factor that
filters with very steep cut-off.
slopes tend to have poor transient
response and are prone to ringing,
so it's a matter of chaosing the -~
best compromise. ' :
To complete the sound )
sampler, the articles to follow will
describe the keyboard interface
and the digital control circuit. .
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Andrew Armstrong
sets the pace with a
digitally-controlled
variable delay unit
for windscreen
wipers.

u are trundling along the
Y oad in your car. A light

rizzle starts. You switch on

the windscreen wipers. SCRAPE-
SCRAPE-SCRAPE. The rain is heavy
enough to obscure your vision but
not heavy enough to lubricate the
wipers. You switch on the fixed
rate intermittent wipe. SCRAPE-
SCRAPE-SCRAPE. Not slow
enough! Until now, your only
solutibn was to turn up the radio
very loud to drown out the sound
of wipers on (almost) dry glass.
Now you have an alternative.

The Autowipe is quick and
simple to install. It requires just
four connections to the motor
wiring and no bodged holes in the
dashboard — especially useful on
the rear wiper of estate cars and
hatchbacks. Installation typically
takes 15 minutes. The connections
are OV, the +12V motor supply,
and the normal speed motor wire,
cut in two with both ends joined
to the gadget.

The time period is set bK
triggering a single wipe of the
screen, and another after the

BUYLINES

The resistors, capacitors and semicon-
ductors are all widely available and
should not present any problems, but
note that Q1 shouldbeaBC212and nota
BC212L. The relay is available from
Cirkit. The PCB is available from our PCB
Service, for details of which see page
59,

"desired interval has elapsed. The

unit remembers the interval and
keeps on working at this rhythm
(give or take 10%) until cancelled

'or reset.

The circuit described here is
suitable only for negative earth
cars, in which the switching to the
wiper motor is in the supply side
rather than the ground side. This
includes the vast majority of cars
on the road now. The circuit may
be modified to cope with other
arrangements, and some notes are
supplied to help the experienced
constructor who may wish to
modify the design for different
applications.

Principles

A timer starts when the switch
is turned on briefly for the first
time, and its state is stored on the
second switch operation. The
timer is then cycled repeatedly —
the windscreen wipers being
operated once in each cycle. A
third switch operation, if it occurs
when the wipers are stationary,
resets and restarts the timer. A
fourth operation of the wiper
switch stores the new time period
(between third and fourth switch
operations). If no fourth operation
is received, the unit times out after
about 30 seconds.

The timing is digital in nature,
and uses a four bit binary counter.
This provides 14 usable time
periods, since both zero and
terminal count are not valid time
settings. In order that this
quantisation of available timings is

arposBEL

not a nuisance, the speed of the
clock oscillator is controlled by the
state of the counter. The clock
starts off fast when the time period
is bein% set and slows as the
period lengthens. In this way, the
accuracy of the timer (expressed
as a percentage of the required
time period) remains constant. A

_limit is placed on the oscillator

speed so that it does not use up
too many possible states while the
wipers are crossing the screen the
first time the switch is operated.
Earlier designs used an
analogue timer, butin damp

weather leakage currents caused a -

significant timing drift over a
period of five minutes. The di ital
design is much less susceptible to
this, though condensation on bare
tracks can cause problems.

Construction

The first job is to link the top
and bottom sets of tracks on the
PCB. The board is laid out so that
none of the pads on the top of the
board connect to components —
they are all simply links to the
bottom. This simplifies both
assembly and repair. The preferred
method of joining the two sides is
to use track pins. If these are
unavailable, wire links may be
used.

It's a good idea to spray the
component side of the PCB with
Iacguer once the track pins are
soldered on both sides. This will
ensure that even the tracks which
run underneath components are
coated. This can prove to be
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HOW IT WORKS

A
- AAAA O +12v
R2 L . R9
100k %zm €2 47R
. I 16V
R3
a7
R4 A5 R6 ]7 RS
100k <330k 160k < B2k < 39k
- b2 Yos Wos Wos ‘ NOTE:
14 . = 1 16 IC1=4013
- 2 a IC2 = 4516
. . ) =0 IC3 = TLO81
D D ) <3101 |c4=2g42
IC1a IC1b D2 IC5 = 4093
IC6 = 4001
I off 3 on a0} , b3 DTs - INa1as
: 2D1= BZY88C15V
Fo L4 W R c7 1c2 . lc4 Q1=8C212
i T~ 100n P3 - 2100
s R s 3 :‘1’
Uas
PO LATCH
+12V D6 10k 8 5
4
L 12 : R20
Ic6e 1 10k
10| RI9 1c5d a1
| v L 3
€3 100n]
| NO
v—r B
l__;-_o TO MOTOR
D8 “NC ~O FROM SWITCH
["RLAT ¢
OUD H
12V RELAY
L
-
D
-Q 0V

Fig. 1 Circuit diagram of the Autowipe.

When the wiper switch is switched on, a
logic1is applied to the input of IC6a via
R17 (which s there to protect the input).
Because of the inequality ofthe time con-
' stants of R15/C6 and R16/C5, there is a
. brief period when both of the inputs of
- 1C5c are at logic 1. This results in a brief
negative going output pulse, which is
1 inverted by IC6b and which then clocks
© the flip-flop, IC1a. The inequality of the
* time constants ensures that a transition
- from logic 1 to logic 0 on R17 will not
.. cause a clock pulse.
The fact that both inputs to IC5¢ have
RC time constants means that electrical
noise is rejected to a large extent. Should
. electrical noise or switch bounce prove
: to be a problem in use, then both time
. constants may be increased in
. proportion. -
The first clock pulse switches IC1a so
. that its %outrut cFoes to logic 1. This
. enables the relay drive, via IC5d. The Q
~ ! output goes to the reset inputs of IC1b,
and the counter, 1C2, via R10. The coimn-
ter is therefore allowed to start counting
up as soon as C7 has discharged to logic
0via R10. We shall come to the purpose
-of C7 later.
The oscillator which clocks the binary
counter is derived from a standard con-
figuration, but it has been designed so
that the discharge path of C1is separate
{from the charge path, and is connected
- externally to the oscillator part of the cir-
icuit, Thismeans that the cycletime ofthe
.oscillator can be controlled by the vol-
'tages applied to the discharge resistors.

These resistors, R5 to R8, are approx-
imately binary weighted, and connected
to the outputs of the binary counter. To
limit the maximum oscillator speed to
something useful, whileleaving the slower
Zpeeds almost the same, an extra fixed
ischarge resistor, R3, is placed in series -
with the discharge path.

Clearly, if the counter is allowed to
reach state 15 (1111) then there will be
no discharge path for C1, and the oscil-
lator will stop. This does not matter
because when the counter reaches this
state, the terminal (or carry) output, 1C2,
pin17, switches tologic0. Thisresets the
first flip-floI:, IC1a, via IC6c, IC5b, and
IC5a, which means that the unit has
timed out,

Thereis only one further point to make
about the oscillator and counter. IC3
must have a sufficient slew rate to clock
the CMOS counter used: A 741, for
example, willnot work. Havingtried one,
out of curiosity, | can report that the
counter will countup for awhile, but nor-
mally stops when it is time for the third
most significant bit to switch. TL081s .
and LF351s with a 13V/microsecond
slew rate are perfectly adequate.

Back to the main sequence of opera-
tion. If a second clock pulse is applied
(the wiper switch is operated again)
before the counter reaches terminal
count, thenIC1b is clocked. This has the
effect of latching the counter output in
the transparent fatch, 1C4. The counter
up/down input is switched to down, and

.the counter now counts down from what-*

- the wipers are stationarY‘ the resultin'ﬁ

- €7, with R11 in series to limit the peak

- ing for a new time setting.

ever number it has reached until the ter-
minal count bar output switches over.
This now occurs at zero, because the
counter is in the down mode. The down
count takes the same period of real time
as the up count took, since the oscillator
is progressively speeding up rather than
slowing down. When terminal count is
reached, the relay is energised for a
period set by the time constant of R19
and C3. This starts a wipe of the wind-
screen, which is then completed by the
park switch in the motor. .

While the relayis energised, the coun-
ter is parallel loaded with the latched
countdata, so thatanewdown countcan
be started from the same number. Any
clock pulse generated on the output of
IC5¢ as aresult of the wipe, is revented
from reaching IC1a by ICéb during this
period.

The terminal count output is preven-
ted from resetting the flip flops by IC5b
as long as IC1b is set. ,

If the wiper switch is operated when

clockpulse from IC5 cis allowed throug
to the flip-flops, and it switches over
IC1b. A reset pulse is applied to IC2 via

current in the input protection diodes
whenit switches back the otherway. IC2
is now allowed to count up, and the cir-
cuit is in the state it was in after the first
operation of the wiper switch. It is wait-
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Fig. 2 Component

M2V -t

TO MOTOR-#—t=

FROM SWITCH =48

ov-—tiun,

overlay for the
Autowipe PCB.

PARTS LIST
RESISTORS (all %W 5%)
R1, 39k
R4 100k
R3 47k
R5 330k
R6 150k
R7 82k
R9 -47R
R10 1M0
R11,17,18,20 10k
R12 - 2k2
R13,14,15,16 470k
R19- 10M
CAPACITORS
C1,2,4 10y, 16V
c3,7 100n
c5 220n

Cé 22n

SEMICONDUCTORS
4013

1IC1

IC2 4516

IC3 ) TLO81

Ic4 4042

IC5 4093

1C6 4001

D1- 1N4148

D BZY88C 15V
Q1] - BC212

MISCELLANEOUS

RLA1 OUD 12V RELAY
PCB; 4 way 0.2”-pitch screw connector
blotk; track pins for through-bgard con-
nections (see text). T

PSU
ov +12v

LED

N

10 %0

0D C B A

AUTDWIFE
PCB

| "IC5 pin 10 when the switch is

Fig. 3 Test harness circuit.

important if the PCB is to be
moupted in the engine ,
compartment of a car, because
condensation can sometimes
occur under these circumstances.
The components may then be
mounted on the PCB, starting with
the passive components, The only
one likely to be difficult is the
relay, as some samples of these
have pins which are very resistant
to soldering. The most effective
_method of persuading them to

52

solder is to clean them up with a
glass fibre brush. Another solution

-which has worked is to pre-tin the

?ins with the aid of a corrosive
lux. The flux must then be
cleaned off the pins very '
thoroughly, or else the board will
fail due to the tracks being eaten
through after a few months.
When all the components are
correctly fitted, a bench test is in
order. The best way to do this is
with a test harness (Fig. 3). Switch
on the supply, and wait ten
seconds for C4 to charge up. With
the aid of a digital watch operate
the switch twice, at a ten second
interval. Time the flashing of the
LED, and check that its period is

between nine and eleven seconds.

If it is far out, then check that
R5 to R8 and D2 to D5 are

* ﬁroperly fitted. If nothing

appens, or if the relay just
switched on, check that both parts
of the flip-flop switch over as
aﬁpropriate, and then move on to
checking that the clock oscillator

‘works, and that a pulse appears on

turned on. It might also be worth
checking whether Q1 is switching
but failing to operate the relay —
such faults have been known. .

~ Once the board is shown to be
in good working order, a liberal
coat of lacquer should be applied
to the underside, and allowed to
dry thoroughly.

Installation

There are two points requiring
careful consideration. The first is to
find a place to mount the PCB,
within reach of the wiring of the
windscreen wiper motor. The
second is to discover which of the
wires going to the motor is which.

The first of these depends on
the individual car, so only general
advice can be given. Any flat
surface, at whatever angle, near to
the motor, may be suitable. It
should not be in direct line with
any spray which may come in
through the radiator grill, nor
should it be somewhere where
corrosion is obviously occurring. If
there is a convenient access to the
wiring inside the car, then this is a
preferable mounting place,
especially if there is'also a
convenient plastic panel to fix the -
PCB to. ’

The photographs of the board
in situ'show it on a removable
plastic panel inside a Maestro,
close to the position of the fixed
slow wipe unit supplied with the
car. | found the place by listening .
to the clicking when the slow wipe
was in operation.

" The only way to identify the
wires non-destructively is to find a
connector somewhere in the
windscreen wiper motor wiring
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The positive connection can be
found with the aid of a meter first
ofiall, and then it should be
possible to identify the standard
speed connection to the motor by
finding which one receives a
continuous supply only when the
wiper switch is in the standard -
speed position. This wire should
be cut and connected to the unit
(Fig. 4).
The positive supply may be

-obtained via a tap-in con nector,
and the OV connection may be

PARK SWITCH
d
A\
'MOTOR
cur
L— —— e
A B
AUTOWIPE
PCB

Fig. 4 Simplified wiring diagram,

‘taken to any convenient bolt
which passes through the metallic -
structure of the car. A quick final
testis now all that is needed ',
before the unit is ready for use.
It has been used on a number
of different cars, including an
- Austin Maxi, Austin Maestro,
Morris Marina, Morris Ital, Jaguar
'X]S, Hillman Hunter and Triumph
Herald. This last one was positive
earth, and the design was =~
modified accordingly. = =
Should the unit be used on any
car in which the switch wire is not
grounded by the park switch in the
-motor, then an external pulldown
resistor may have to be connected
to the terminals, as shown inthe
* test circuit (Fig. 3). ~
The operation sequence is:
operate wiper switch to wipe
screen once. Repeat after a delay .
of x. The intermittent switch will
now operate ata period.of x. . .
(£10%), with the switch in the off
position, until a third manual wipe
is carried out, or the switch is
turned on for several seconds
continuously, or the ignition is -
turneéd off. It is always possible to
switch the wipers on continuously
(even if the accessory should
malfunction), so there is no safety
hazard, e :
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The p'rototype installed in an Austin Maestro .

In the event of a fault which
causes the wipers to operate
continuously (for example, the
relay remaining on all the time), it
is possible to return to normal
wiper operation by disconnecting
just the positive supply to the unit,
pending a proper repair.

Sniggles And Contrivances

There is one more important
detail to mention. It is possible
that, by mistake, a time period
may be set which leaves the wiper
stationary for only a small fraction
of a second. If this ha pens, it is
very difficult to flick the wiper
switch during the stationary period
to reset the circuit. If the circuit is
allowed to run for a few seconds
C4 will, on average, discharge
rather than charge, and after a
while IC1a will be reset via IC5a.
This part of the device has been - -

nicknamed the ‘anti-knickers-in-a-

twist’ circuit.
To improve reliability, the /
power supply connections to the

ICs are protected from spikes and
reverse poiarity connection by RY,
ZD1, and C2. If the circuit should
accidentally be connected to the

.power the wrong way round, the

only damage likely is that R9 may
smoke mightily.

If the unit is-to be used on a
ositive earth car, the circuit can
e modified to work, provided

that the wiper switch is in the
power rather than ground side of
the motor. Here are the steps
required:,

- 1) Exchange C5 and Cé.

2) Replace R9 with a wire link.

3) Cut the negative track
(labelled 0V) and insert a
47R resistor, -

4) Cut the track connecting’
the relay NO contact to +ve
and reconnect it to the —~ve
where it enters the board
before the 47R resistor.

5) Make sure that the
connected so that the +ve
is connected to chassis, and
the OV board connection to

the -12V supply. ETI1
53
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ODULAR TEST
UIPMENT

Co tinuing his series on low-cost test equipment modules, Mike

his module measures
frequency, period and time
intervals and can also be
used as a totalizing event counter.
In common with the other
. instruments in our Modular Test

- Equipment series, it is designed for
use as a free-standing board and
thus avoids the hardware costs
associated with cased equipment.
To fJthher reduce costs, the
module is not equic?ped with a
power supply but draws its current
from the bench power supply ‘
module described in our October

issue. Readers who do not wish to

construct the bench supply should
be able to find an alternative
power source without too much
difficulty.

The gasic module has a
senitivity of 250mV RMS and a
maximum input frequency of
10MHz. A plug-in prescalar
module extends frequency
measurements up to 150MHz.
Gatle times of 10ms, 100ms, 1s
and 10s can be selected in the
frequency mode and either 1, 10,
100 or 1000 cycles can be
averaged in the period and time
interval modes. The reading
displayed is in kilohertz in the
frequency mode and in micro-
sedonds for period and time
interval modes. With a 10s gate
time, the frequency can be

_OOPs!

Meakin describes an un-enclosed counter of the 8-digit kind.

measured to 0.1Hz resolution
whilst in period and time interval
mode the resolution is 0.1.us.
Leading zero blanking and decimal
points are automatically selected
and overflow is indicated by the
left-most decimal point being
illuminated.

Simplicity is the keynote of this

which appeared on page 38 of the
December 1985 issue, R8 is shown as a

100k as stated in the parts list.

It has been pointed out that the
switch function labelling is not clearly
visible on the photograph of the
waveform generator (November 1985
issue) and the pulse generator

‘On the pulse generator circuit diagram

100R resistance. Its value should be

{December 1985 issue). Readérs who
require details” of the labelling can
obtain photocopies of the twice-up
screen-print masters from us by
sending a stamped, self-addressed
envelope. We have included a flat-on
view of the counter module in this
month's article to forestall further
complaints!

design and not all of the available .
functions of the IC are utilized. No .-
Provision has been made for
requency ratio measurements and
the circuitry requires that time
interval measurements are
repetitive. Single shot events can
only be measured by resetting the
counter and initiating the event
twice. The first pulse ‘primes’ the
counter and the second pulse is
measured and displayed. The
Bolarity of the measured pulse can

e selected by SW1 so that either
negative or positive going pulses
can be measured. In the event-
counting mode this-switch
determines the polarity of the
edge on which the counter is
incremented..

Both AC and DC coupled =

inputs are provided. The DC input
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Fig. 1 Circuit diagram of the universal counter/timer.

HOW IT WORKS

=

The clever bits are taken care of by
IC2. The Intersil application note pro-
vides comprehensive information on
this device and readers who wish to
know more about its operation are
advised to obtain a copy. IC1 amplifies
and squares the input signal to provide
the necessary digital signals for 1C2.

_ It is unusual to use a digital CMOS
IC as a linear amplifer and it is impor-
tant that a National 74HCUO4N is
used in this position. This is an unbuf-
fered high speed CMOS hex inverter
and no other type will function correc-
tly in this position. It is biased by RV1
and R4 to its linear operating region

giving an input imgedance of 100k. R3
together with the internal clamp
diodes of IC1e protect the input up to
+25V. If input signals greater than this
are anticipated then a suitable input
attenuator - should  be constructed.
IC1e amplifies the signal and ICTa and
b form a Schmitt trigﬁer to square it.
ICTcand SW1 select the polarity of the
pulse to be measured in time interval
mode and the edge on which the coun-
ter is incremented in the event-
totalizing mode. The position of SW1 is
unimportant for the other modes. SwW2
is used in the event-totalizing mode to
reset the counter.

-

NOTE:
22p IC1 = $P8629
01,2 = IN4148

R4
10R

5 .L ;;Ecs
== 10u sK2
‘!l)l)n'[ "" 16V

1 8

Ic1

~
)
000000

Fig. 2 Circuit diagram of the prescalar.
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is mainly used for frequencies
below 20Hz and measurements of
Pulses from IocFic circuitry. The
ogic threshold levels and AC
sensitivity are controlled by a bias
preset allowing inputs from both
TTLand and CMOS circuitry to be
accepted.

An SP8629 is used as a high
frequency prescalar, It operates
with input frequencies between
T10MHz and 150MHz and has a
typical sensitivity of 100mV RMS.
The prescalar plugs into the main
board from which'it derives its
power via the top pin of SK1. The
manufacturers standard
application circuitry has been used |
with extra input protection

- provided by R1, D1 and D2. As the

device operates at high
frequencies, the prescalar PCB has -
a Eround plane on the upper side
which is connected to 0V via a

. track pin.

Because it is intended that the
module be used without a case, all -
labelling of switch functions,
sockets and so on wili have to be
done on the PCB itself. Various
methods were described in the
Modular Test Equipment article in’
the November issue, including the

J
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ig. 3 Component

verlay for the
ountgr/timer PCB.

use of rub-down lettering which

PARTS LIST — COUNTER

can give a very neat end result. _ , ‘
Another method which has since RESISTORS (all %W, 5% SEMICONDUCTORS
been suggested is to mark the R1,5,6 10k IC1 74HCUO4N
necessary legends on by hand R2,3 1k0 1C2 ICM 7216A 1]1
usihg drawing ink. The board g‘_} }gg}‘( LED1,2 . (5)8§3er other 4 x
‘would have to be thoroughly , 05 'its;g';‘m"“
cleaned before starting, preferably RV1 1k0 enclosed .
with a suitable solvent, and when horizontal preset MISCELLANEOUS '
) finished the lettering could be , u
rotected with a coat of clear CAPACITORS SK1,2 3]‘”‘" Molex PCB
. / . plug with_
adquer. Whichever method you c1 - 470n100V polarising post
use, the lettering will almost , polyester layer swi single-pole DIL
certainly need to be com pleted c2 gfaﬂ:lég;:‘;';icﬁ“re SW2 ;Vgéc::‘ ontin
, . ~MoO! {] )
before you assemble any of the C3,9 100n ceramic T keyboard switgch
components onto the board. Ca 10076V tantalum - SW3,4 1-pole 4-way DIL
5,6 100p sub-miniature - C slide switch
plate ceramic XTAL1 10MHz crystal
c7 47p sub-miniature o :
. . late ceramic PCB; 2 x 16-way 0.1” pitch PCB plugs
Construction cs 1000u 10V radial (for mounting LED displays); IC
. . electrolytic sockets if desired, 1 off 14-pin and 1
The board is double sided and c10 47u 6V3 tantalum - off 24-pin DIL; track pins or wire links
for reasons of economy the holes , for through-board  connections;
ar%a not plated through. The CVv1 5-65p trimmer i_;i(gl)_xﬂefside ~ sticky foam pad for
connections are mage by track L .
PARTS LIST —PRESCALAR
RESISTORS (all %4 W, £5%) SEMICONDUCTORS
R1 1k0 {on] SP8629
R2,3 100k (=100 prescalar)
R4 10R D1, 2 1N4148
CAPACITORS : MISCELLANEOUS ’ )
C1 10n polyester layer SK1 3-way Molex PCB
C2 22p sub-miniature plug with
. plate ceramic polarising post -
C3,4 10n ceramic SK2 10-way Molex PCB . . )
s 100n ceramic socket ; Fig. 4 Component overlay for the
cé 10u16V tantalum PCB prescalar board.
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“pins, These should be inserted in
the board and carefully soldered
on both sides. ‘ ,

Molex PCB plugs are used to
mount the display and provide
some of the throughboard
connections. Prepare two sets of
16-way connectors made up from
cne ten way and another ten way
cut down to six ways. Insert the
longer side of the connectors into
the board so that about 2mm of
each pin protrudes from the '
underside of the board. Turn the
board over and solder the top-
connections. Use plenty of heat
and allow the solder to flow
around-the pad.

Inspect the board for solder
splashes and good clean joints.
The two displays should then be
mounted on the pints and gently
tilted at an angle of about 15
deFrees above the horizontal. The
holes on the displays are plated
through and the pads need only
be soFdered on the top side. Care
is-needed to ensure that no shorts
occur and again the board should
be visually inspected after
soldering.

The remaining components can
now be soldered onto the board.
Note that one end of R5 is used as

— o—

BUYLINES _

PROJECT: Universal Counter

The plug-in pre-
Scalar module: note
the use of a ground
plane on the com-
ponent side of the
board.

a throughboard connection and
make sure that it is soldered on
both sides. A socket should be
used for IC2 and although the
device is static protected the usual
precautions should be taken. The
crystal is attached to the board by
a double sided adhesive foam pad.
As with any PCB it is a good idea to
clean the board with a suitable
organic solvent to remove the flux
residue. Do remember that these
solvents can attack the plastic of
the DIL switches and the displays!
Construction of the prescalar
module is very straightforward. A

The ICM 7216A IJI "and the
" 74HCUO4N are both available from
+ Farnell Electronic Components Ltd of
Leeds and the 74HCUO4N is also
available from Maplin. Farnell will only
accept orders from trade and pro-
fessional customers but Trilogic Ltd of
29 Holme Lane, Bradford BD4 0QZ will
obtain parts from them on payment of
a . small handlin charge, = The
74HCUO4n is an unguﬁered version of
the standard high-speed CMOS (HC)
device and offers a higher impedance
and even higher speed. A 74HCO4
- device would not perform as well in
. this circuit. The ICM 7216 is available
- in four versions, all of which are stoc-
" ked by Farnell but only one of which,
* the 7216A, will work in this circut. (The
72168 is a common-cathode version of
- the 7216A and the 7216C and D are
- respectively common-anode  and
common-cathode versions of a
. reduced function device which does
not . include the counter-timer
facilities). Incidentally, you should be
' prepared to pay quite a high price for
' this IC. As befits something which con-
" tains almost the entire circuitry of an 8-
digit, 10MHz timer/counter/frequency
- meter, the 7216A will probably -cost
'you in the region of £30.00 by the time
VAT and all the other extras have been
added on.
The other IC, the SP8629, is available
.from a number of regular suppliers and
none of the resistors or capacitors
ishould present any problems. The

enclosed horizontal presets are avail-
able from Vero:reed and Cricklewood
Electronics and trimmer capacitors
suitable for use in the CV1 position are
sold by Maplin and Cirkit among
others. Bradley Marshall stock the
5882 displays, although you may prefer
to obtain these from Farnell if you are
ordering from them anyway.

The DIL switches used tor SW3 and
SW4 in the prototype were obtained
from ERG and are known as type -
DS16D 1-4, ERG are another company
who will only deal with trade and pro-
fessional customers, and we do not
know of a dealer who can obtain parts
from them. Farnell stock a 1-pole, 8-
way DIL switch (type DS16C 1-8)
which will fit the board. In operation,
the two outer positions at each end
would have to be ignored and only the
middle four positions used. An alterna-
tive is the DS16C 2-4, also available
from Farnell, which has four ways and
two poles. It will fit the board, but the
two spare pads at either end of the top
row of contacts on each switch would
have to be seﬂarated from the adjacent
pads to which they are presently con-
nected. The switch will then have only
four positions -as required, but the
switching sequence would be altered.
On the range switch, for example, the
sequence would then be 10, 1, 1000,
100 instead of 1000, 100, 10, 1. -

The PCB will be available from our
PCB Service, for details of which see
page 59. ) .
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track pi‘n must be inserted in the
position indicated on the overlay
and soldered on both sides so as
to connect the ground plane to
OV. The only other point to note is
that no IC socket should be used

_for the SP8629. Using a socket

would probably upset the high
frequency performance.

Testing

This module requires only a
single 5V supply capable of
providing up to 250mA. Adjust
RV1 and CV1 to their mid-
positions, select the frequency
mode and the 1s gate time, then
switch on the power. The right
most LED should display zero.
Apply an input signal of about 1V
peak to peak to the AC input and
check that you get sensible
readings on the display. CV1
should be adjusted to give a
display of 10000.000 kHz when
connected to a 1T0MHz frequency
standard, but for most uses can be
left in its mid-position. The other
functions and ranges should then
be checked. A 555 connected as
an astable can provide a signal
suitable for checking the period,
time interval and event totalizing
modes. RV1 can be set to its

optimum position by gradually
‘reducing the amplitude of an AC

input signal and adjusting the
position of RV1 to obtain
consistent readings

The prescalar module is tested
by simply plugging it into the main

* board and connecting a suitable

input signal. A short wire aerial can
often pick up sufficient signal from
low power transmitters or even the
stray radiation from FM tuner local
oscillators. Don’t for%et to multiply
the display readings by one
hundred to obtain the correct
frequency!

; . ETI
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Interak 1

A METAL
'Z80A COMPUTER

Colleges, Universities, Individuals: Build your
“own modular Z80A-based metal 19” rack
and card Interak computer. Uses commonly
available chips — not.a single ULA in sight
(and proud of it). if you can get yourown parts
(but we can supply if you can't) all you need

from us are the bare p.cb.s and the manuals.

» [« | Interak 1's greatest |-
e °

838 asset — space for ﬁ &t
expansion.

: ¢

® {Up to 8 more cards @‘

4%;" x 8" each)

! WEXPANSION

(F.c.b.srange in price from £1 0.95t0£17.75
+VAT; manuals £1 -£5) - o

The Interaktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembier, Debug,
Chess and a Book Library, Newsletters etc.
N fears about this one going obsolete —
now in its fifth successful year! Send us your.
nameandaddresswitha21pstampandwe'll
send you 40 pages of details (forget the
-stamp if you can’t afford it!) You've already
got a plastic computer for playing games,
now build a metal one to do some real work:
Interak, Interak, Interak! C

Greenbank ,

Greenbank Electronics (Dept. T1E), New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG
) Telephone: 051-645 3391

KlT\ab\e
el

OSCILLOSCOPES
TELEQUIPMENT D67. Dual Trace 50MHz.
Delay S with manual 1.£260

Solid State. Portable. 8x 10cm display. With
manual £200
$.E. LABS SMIIL Dual Trace 18MHz Solid
State. Portable AC or External DC Opera-

- tion. 8 X 10cm display. With manual...£1560
TEKTRONIX 547 Dua! Trace 50MHz. Dual
TB. Delay Swee'r. With Manual ........ .£140

| TELEQUIPMENT D43. Duai Trace 15MHZ.
With manual . £100

EX-MINISTRY CT436. Dual Beam 6MHZ.

Size 10x 10 x 16ins. With manual......... £75

COSSOR CDU 150. Dual Trace 35MHz -

NEW EQUIPMENT
HAMEG OSCILLOSCOPES 605.Dual Trace
60MHZ Delay Sweep. Component ngt:sr

HAMEG OSCILLOSCOPE 203.5 Dual Trace
£270

20MHZ Compontent Tester......

BLACK STAR FREQUENCY COUNTERS.
P&P £4

Meteor 100-100MHZ ....c.ccrvesenemrerensecas £99
Meteor 600-600MHZ £128
Meteor 1000-1GHZ £175

BLACK STAR JUPITOR 500 FUNCTION
GENERATOR Sine/Square/Triangle 0.1Hz
— B00KHZ P&P £4..uecerevmrissrssasisntsonssns £110

T e
HUNG CHANG DMM 6010. 3% digit. Hand

PHILIPS DIGITAL MULTIMETERS
4 DIGIT. AUTO RANGING. Complete with
batteries and leads (P&P £5)
TYPE PM2517X (L.C.D.) veocvevrcrneiunininsed £05

held 28 ranges inciuding 10 Amp AC/DC.
Complete with batteries & ‘leads. pép
£4 . £33.50

B bttt
OSCILLOSCOPES PROBES. Switched

MULTIMETERS
AVO 8 MkIV and AVO 9 MkIV
Complete with Batteries & Leads if:sr

only.
AVO TEST SET No. 1(Simitarto Avo8 Mk3).
Complete with batteries, leads & Carryglr;g

x1;

x10 P&P£2 211
PROFESSIONAL 9 GREEN SCREEN

MONITORS made by KGM for REUTERS.

Gives quality 80 x 24 line display’ Com-

posite Video In. Cased. Good Condition

only £40 each

Case
AVO Model 7X Complete with batteries,
10ads & Carrying Cas@....cummoursemrerosersans £40
AVO Model 73. Pocket Muitimater
(Analogue) 30 ranges. Complete with'bat-
teries & leads £25
AVO 72 — Simllar to above but no AC
Current range. With Batteries & Leads £18

Sultcase style — battery operated. (Bat-
teries not supplied). With information
ONLY £20 each
AVO TRANSISTOR TESTER TT169
Handheld. GO/NOGO for In-situ Testing.
Compiete with Batteries, leads & instruc-
tions (P&P £3)...cceocvanrennd NOW ONLY £12

]
AVO TRANSISTOR ANALYSER CT446.

R e i M bl
5" FLOPPY DISK DRIVES
TANDON % Height. Brand New
Single Sided Double Density ;
Double Sided Double Density ... £100
MPI Double sided, Double Densk{" 1803

Track ur d

DISK DRIVE PSU. 240V 1N; 5V1.6A & 12V
1.5A out.  Size: W125mm, H75mm,
D180mm. Cased. Un-used. Only £15.00
pap £2

STEPPING MOTORS

200 Steps per rev. 4 Phase (Swire) 12,24V
Torque 25 oz inch (will run on 5V with
reduced torque). Size 57mm dla x 57mm.
6mm shaft £15 ea. 6/12 Steps per rev. 3
Phase. 12-24V (willwork on5V). ize 44mm

Please note; From 1t January 1986 we wil
be closed Saturdays. Opening times:
Mondays-Fridays 8a.m.-5.30p.m.
(with late nights Thursdays until 8p.m.)

3

dia x 41mm shaft. £2 ea. 5 off £7.50.

, NORTH AMERICAN PHILIPS. 24 Steps per
rey. 4 wire 5V 3.3Amps. 0.250rpm 0.200
PPs. Size 70mm dia x 41mm. £6 ea.

200 Steps per rav. 120V (3wire): Torque 25
oz inch. Size 60 x 57mm. 6mm shaft. £4

ea.

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists.
-Please check avallabllity before ordering. CARRIAGE all units £12;
VAT to be added to Total of Goods & Carrlage. Please aliow 21 days for delivery.

— STEWART OF READING e |
E 110 WYKEHAM ROAD, READING, BERKS RG6 1PL- { K.\
’ Telephone: 0734 68041 : D

Callers welcome 9am to 5.30pm Monday to Saturday Inclusive -

Telephone o;den -
Rccess & Barclaycard
RING 01-567 8910 (24hrs)

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only), otherwiseadd
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere
£6.50. Send cheque/PO/ Barclaycard/Access No. .
with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS

WELCOME )
GOODS BY RETURN SUBJECT TO AVAILABILITY

ELECTRONICS
13BOSTONRD
LONDON W7 3§]

Tel. Orders: 01-567 8910
Enquiries: 01-579 9794
Shop Hours: Mon-Fri. 9am-5pm
Sat. 10am-4pm.
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The code can also be used t
| two numbers are the year,
| particular project. _
: 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 after we receive payment. C B ~

FTI PCB.

In order to ensure that you get the correct board, Ybu must (Luote the reference code when ofdering
ch a particular project appeared: the first

o identify the year and month in whi ,
he number after the hyphen indicates the |

the third and fourth are the month and t

il 1984
;. O E/8402-1 Speech Board
s Mini-Mynah................... 11.47
;i O E/8402-2 MP (Modular Preamp) Disc
! input (mono) ...................3.80
O E/8402-3 MP Output stage (stereo) 3.80
{ O E/8402-4 MP Relay/PSU........... 3.80
| O E/8402-5 MP Tone, main (mono) ... 3.80
- O E/8402-6 MP Tone, filter (stereo)...3.80
O E/8402-7 MPBalanced output (st) .. . 3.80
i O E/8402-8MPHeadphoenamp (st). .. 3.80
'+ O  E/8402-9 MP Mother Board ....... POA
O E/8403-1 Power Meters ........... 6.93 -
. O E/8403-2 Z80 DRAM....... ..10.24
O E/8405-1 Auto Light Switch........ 4.1
4 0O E/8405-2 ZX81 EPROM Prog .....11,00
* O E/8405-3 Mains Borne RC Xmer....5.70
{. O E/8405-4 Centronics Interface ..... 4.06
|- O E/8405-5Vario ................... 7.95
O E/8405-6 Midi Drum Synth......... 3.63
.- O E/8406-1 Oric EPROMB........ 20.47
O E/8406-2 Spectrum Joystick ....... 3,52
¢ 0 E/8407-1 Warlock Alarm .......... 9.45
O E/8408-1 Joystick Interface...... 'e:.3.96 -
O E/8408-2 EPROM Emulator. . ..... 12.42
O E/8408-3 Infrared Transmitter. . ..., 3.96
O E/8408-4 Infrared Receiver .. ...... 3.96
O E/8409-1 EX42 Kybd, Interface.....3.93
O E/8409-3 Dry Cell Charger......... 2.82
"0 E/8410-1 Echo Unit............... 3.95
O E/8410-2 Digital Cassette. ........ 10.25
-0 E/8410-3 Disco/Party Strobe....... 5.31
.0 E/8411-1 AM/FM Radio (4 bds) ... 14.61
i .0 E/8411-2 Control Port-controlbd . . .12.70
{ 'O E/8411-3 Control Port-1/O bd......6.62
| 'O E/8411-4 Capacitance Meter....... 3.68

oonopogooooooon

‘0000000 O oooogooooo

E/8411-5 Video Vandal (3 bds). ... 12.44

E/8411-6 Temperature Controller...3.02

E/8411-7 Mains Failure Alarm.... ... 2,63
E/8411-8 Knite Light .............. 3.96
E/8411-9 Stage Lighting Interface ... 3.74

E/8411-10 Perpetual Pendulum ....3.38 .

E/8412-1 Spectrum Centronics. . ... 3.57
E/8412-2 Experimenter's DRAM. .. 14.72
E/8412-3 Active-8: Motherboard. ., 12.23
[E/8412-4 Active-8: Protection Unit . . . 3.69
E/8412-5 Active-8: Crossover .....

E/8412-6 Active-8: LFEQ ......

- E/8412-7 Active-8: Equaliser ..

[E/8412-8 Active-8: Delay Unit. .. ... 3.69
1985 '

E/8501-1 Active Bass speaker...... 2.82
E/8501-2 DRAM Card Update. ..... 3.61

E/8501-3 Digital Delay (2 bds) ....27.18

E/8502-1 Digital Delay Expander. .. 11.28

"E/8502-2 Data Logger..... veriares6.21
- E/8503-1 Combo preamplifier.... .. 4.74

E/8503-2THD metermV&osc.bds.. . 7.41
E/8503-3 THD meter mains PSU ... 3.63

'E/8503-4 THD meterbatteryPSU . .. 1.59

E/8503-5 ParaGraph Equaliser

IP/MSP & OP/PSU bds. ........ 10.42
E/8503-6 ParaGraph Equaliser
filterbd .....oovvuvinnanninn. 4.93
E/8504-1 Framestore Memory ....12.05
E/8504-2 Framestore ADC/DAC.... 6.21
E/8504-3 Framestore Control ... .. 17.26
E/8504-4 Buzby Meter.............3.56
E/8504-5 CCD Delay ............... 3.82
~ E/8505-16802 board...:.:........ 8.22
E/8505-2 EPROM prog. update ....5.28

o

E/8505-3 Scoreboard éonttoller,

m]
PSU and opto-isolator bds. ...... POA |

O E/8505-4 Scoreboard digitaldriver ... 4.27

O E/8505-5 Stereo Simulator. .......: 3.64

O E/8506-1 Audio mixer mainbd .....6.40 |
0O E/8506-2 Audio mixer PSU bd...... 3.98
"1 :E/8506-3 Audio miixer RIAA bd.....2.62

O -E/8506-4 Audio mixer tone ctrl... ., 2.85
'O E/8506-5 EPROM Prog MKkil......14.90
.0 E/8507-1 Noise Gatéi.:........... 5.72 |
O £/8508-1 RCL Bridge.............. 1225 |
.. E/8508-2 EX42/B8C Intérface. . ieee 325
'O E/8508-3 EPROM Emulator. ....... POA |

O E/8509-2 Direct Injection Box...... 290 ; ;
O E/8509-1 SpectROM............... POA | |
C. E/8510-7 Sorcérer Boards ...... «..POA |
3 E/8510-9 Sunrise Light8rightener. . . 6.61

O E/8510-8 MTE Power Supply...... 17.60 ||
O E/8511-1 MTE Waveform Generator 4.83

O E/8511-2 Millifarodometer. . ....... 4.69

O E/8511-3 Cymbal Synth........... .6.04

O 'E/8511<4 Memory Scope ......... 10.65

00 . E/8511-5 Chorus Effect........... .5.16

0 E/8511-6 Rhythm Chip ............5.67

1" E/8511-7 Enlarger Exposure Meter . . . 3.86

O - E/8511-8 Switching Regulator. . ... 3.75

O E/8511-9SecondLine Of Defence. .. 9.94

O E/8512-1 Specdrum Connector. . ... 4.04

O E/8512-2 MTE Pulse Generator. . ... 6.62 |
O E/8512-3 Specdrum............... 8.05 | |
O E/8512-4 DI Compression Gate. ... POA | |
1986

O -E/8601-1 Autowipe................ POA

O E/8601-2 Walkmate............... POA
03 E/8601-3 MTE Counter/timer...... POA

{

| How to order:
Indicate the boards required by

ticking the boxes and

| to: ASP Readers’ Services, PO Box 35, Wolsey Road, Hemel Hempstead, Hertfordshire HP2 4SS.

send this page, together with your payment, |

,Payment in sterling only please. Prices subject to change without notice.

g

‘Total forboards £. . ........ eie il Add 50p p&p

Total enclosed £.

------- LR R IR IR NP R

- Signed ... ...

§A\ddress

PLEASE ALLOW 28 DAYS FOR ‘DEI.IVER_Y ;

- Due to the recent change of man ufacturer, a large number of boards have not yet been priced.The| |

‘above list does not include any boards from projects published before the beginning of 1984, !
although a number of these are still available. All queries as to price and availability should be
'directed by letter only please to the address shown on this order form. .~ = . g .




TOUCH
CONTACT

T 1C1 = 74C14 or 4093 SEE TEXT

IC1c

c4
] 100n
— OV

OUTPUT

Touch Switch

Ali Taialf
Ringwood

Thisisareliabletouch switch design
with wide application, which uses
only [common or garden compo-
nents. Inthebasiccircuit, the output
is normally at logic0. When the con-
tact ihtouched, the output smartly
switches to logic 1. ‘
IG1a is used in an oscillator cir-
cuit which produces a frequency of
apprbximately 200kHz. All the time
that | the contact is not bein%
touched this high frequency signa
passes via CV1 and C2 to the input
of IC1b. This Schmitt inverter
switches atthe signal frequencyand
keeps C4 charged. .
When a finger is placed on the
touch plate, the signal reaching the
“inputof IC1b s substantially reduced
by the potential divider action of

CV1 and the capacitance of the
finger. This in turn causes the output
of IC1b to stop switching and remain
at logic 0. C4 discharges through R3
and the output of 1C1c switches to

logic 1.

CV1 should be adjusted for opti-
mum sensitivity. Some units may
require a different value of C1 from
that shown owing to the tolerance
on the Schmitt levels of the 74C14
— the approximate operating fre-
quency is :

f = 2
RTxC1

C2 prevents hum pickup from caus-
ing IC1b to switch. If preferred,
4093s wired as inverters may be
used instead of the 74C14s.

The second figure shows two
touch switches used tosetand reset
alatch. Obviouslythe principle could
be extended to many more ways,

but still only one oscillator would

be.needed.

TOUCH
CONTACT

R2
cv1 1Mo
ICla 5565p

c1 R1
1n0T 10k

p—g——0 OUTPUT

TOUCH

CONTACT 1c2 = 4011

H

cv2 €3
6.5.65p N0

1C1 = 74C14 or 4093 SEE TEXT

This circuitaccepts an analogue input
and transfers it to the output faith-
fully without any electrical connec-
tion, thelink bein§optical. Itis more

usual to see V to f convertors being
used forthis, but theydemand more
cumbersome circuitry and unless a

train of pulses is required, the linear

approach should be considered.

Additionally, V to f convertors inte-

grate or smooth out the incoming

waveforms, which may or may notbe.
desirable. With slight modifications

(changing a few resistor values) this

circuit will feed the A/D convertors

of, for example, a BBC without

.introducing loops.

Linearity is maintained by using
two optoisolators; these are both
non-linear, but equally so, and the
effect can be made to cancel out.
Although notdone on the original, a
dual type could be used to obtain
the benefits of equal temperatures.
| don’t think this is as important as it

pMulti-Channel
Flectronic Signal

Switching

A. Armistrong,
Leighton Buzzard

This tech-tipshows howto use elec-
tronically latched switching of up to
8 signals. It is intended for use in
home audio systems. Unlike many
electronically latched -systems, it
can be made to remember which
position it was in when last used.:
Indicator driving is -no problem
either.

The NAND gates shown in the
first figure are arranged so that, as
any switch is pressed, the outputs of
the latches take up the binary num-
ber corresponding to the switch.
pressed. Five-input NAND gatesare -
needed for eight way switching, so -
one can either use 4068s and con-
nect the extra inputs to logic 1, or .
five-input gates can be constructed
from inverters and diodes as shown
in the lower figure. In this case, the
only pull-up resistors required will

ETI JANUARY 1986




+12V O- —O +12V
%i‘ai c1
R10
< n0 10k
RvV3 R13
o Av2 0 100k
11
INPUT O=AAAA + 10k R11
R1 . 1 1 100k
100k i i
| !
L J O OUTPUT
5 R12
é b a7k a7k
<
R6 AV1 R9 IC1,4=741
820R < 200R: 820R 1C2,3 = OPTO-ISOLATOR
D1 = 1N4001
(e -O ov

- would be on a V to f circuit, and

besides, the isolators are dissipating
approximately equal power.

The two halves of the circuit are
powered from separate supplies.

~The network R1, 2, 3, 4 attenuates

the incoming voltage and offsets it.
This ensures that the LEDs always

- have a certain amount of current

flowing in them. IC1 drives both
LEDs and the voltages on its inputs
are nearly equal. gurrent flows in
RY,theoffsetisremovedand the gain
adjusted in the output circuit, 1C4.
To get the best linearity, adjust
RV1 to the centre of its travel and take

two pairs of measurements of out-
put versus input, one pair near the
more positive end of the range of
interest, the other pair near the more
negative end of the range. Divide
the differences between the adja-
cent pairs of inputs by the dif-
ference between the adjacent pairs
of output values, giving two ratios
which' should be approximately
equal. Adjust RV1, making a note of
how far it has been adjusted, and
repeat the measurements and cal-
culation, Compare this new set of
ratios with the previous lot. There
are three possibilities: the error will

have diminished, in which case
adjust furtherin thatdirection; it will
have increased, in which case reverse
the adjustment direction; or you
may have adjusted past the point of
linearity in which case you will note
that the ratio which was the larger is
now the smaller. In this last case
reverse the direction of adjustment
but don’t adjust too far back again.
Repeat until the linearity is accep-

table.

In fact, the linearity is only a few
percentout witha330 ohm resistor
in place of R7 and RV1. If you can
stand a certainamount of non-linearity
substitute the resistor. If you possess
aramp generatorand scope capable
of XY displaythen youwill be able to
adjust the linearity by eye.

Adjust the gain and offset once
the linearity is satisfactory. Do not
be afraid to alter resistor values to
suit other input values. C1 is not
usuallynecessarybut!haveincluded
itas it stops any tendency to oscilla-
tion. The power supplies are simple
3 terminal regulators, The original
circuitruns ICT at+15Vbut one may
getaway with just plus 15V, connect-
ing pin 4 to ground. D1 would no
longer be needed then since it only
serves to protect the optoisolator
LEDs from polarity reversal,

be the ones directly connected to
the gates, a total of six instead of
eight,

This scheme can be carried out
using one hex inverter rather than
six 4068s, but it is untidy with all
those diodes hanging on the board.
If you only want four way switching,

- two triple, three-input gates can be
~ used, leaving two gates spare. A4052

would then be used to switch both

- channels of the stereo source.

Only one 4051 is shown in the
diagram here, but in practice three
would be used, with the address
lines in parallel, Two of them would
switch the signal and the third the
indicator LEDs. Itis quite safe to put
5mA through this type of device, so
the common input/output pin is
connected to +7.5V via about 1k2
and the LEDs are connected to the
switched terminals. Then one LED
will ‘illuminate at a time, corres-

_ ponding with the channel selected.

~Battery backup can easily be
added. The positive connections to

. alithe CMOS gatesand pullup resis-
torsshould be connected to the bat-
* tery supply, but nothing else should.

be. The only thing to remember is
thatitis possible to change the state
of the latch while only the battery

supply is present. This circuit has.

been tested and is in use.
ETI JANUARY 1986
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WALKMATE

for the Wallkkmate board.

The foil patiern







The foil patterns for the Modular Test Equipment Universal Counter: above and above
right, the top and bottom foils for the main board and below, the underside foil and the

upper side groundplane foil for the prescaler module.
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s D RAMS

41642

2112 £1

EPROMS
27128 £5.50

EE by Sonn

vy Fit A TENANCE F
A300 07191

3.6y 100 mah P

80 track doubie sided
C, TOSHIBA etc. Sold as
%uarantee ONLY£125.00.
SUGART S FH 35 TRK£55.00 ~
SIEMANS FDD100 SS FH 40 TRK£75.00
carriage on 5%" drives £5.50
Brand NEW metal caseswith internal PSU etc
for above gdrives, below costi!t
DSKC 1 for 2 HH or 1. FH 5% drive £39.95
-ef- {: £4. us‘g(c 2 for1 HHor1 FH5%" drive

RY 851 DS czso‘.:0102 + & €850
ii‘?%gﬁqg in sn?én case,

ith PSU etc, £595.00

PSU for 2 drive units £45.00

Hard Disk Drives

LO Series 30 25 Mb front loa
Exchangeable version £285.00
'SU for above £95.00
/DRE4000A, B 5+5 Mb from

K 545 Mb £795.00

62 80 Mb RMO3 etc £2500.00
PERTEC D3422 5+5 Mb £495.00

RODIME | 10MB ST508 Winchester NEW

BASF 6172 23Mb Winchesters, as seen
£198.00 .
Carriage on other drives £10.00.

Unless stated all drives are refurbished with
90 day guarantee. Many other drives and
spares in stock - call sales office for details.

G R EidE
Join the ¢ommunications revolution with pur
super range of DATA MODEMS, prices and
speclfications to suit all applications and
budgets. .. .
BRAND NEW State of the art products.
DACOM DSL2123 Multi standard 300-300,
1200-75 Auto answer etc. £288.00
DSL2123AD Auto dial,
modem with multi standard AUTO SPEED
detect, and data buffer with flow control
£365.00

etc. X

DACOM DSL2123GT The CREAM of the
intelligent modems, auto dial, auto calh index,
buffer etcietc, 98.00
s‘rEEBEIK SB1212 V22 1200 baud FULL:

DUPLEX, | sync or async, optional auto dial,
: : £465.00

TRANSDATA 307A Acoustic coupler 300
baud  full  duplex, originate. _ only,
1S232 | £49.00

Ex . BRITISH TELECOM full sgeci_ CCITT,
m%gedi&ed, bargaln offers. Sold TESTED with
data. Will work on any MICRO or system with
RS232 interface. .

DATEL 2B 300 Baud Modem see SPECIAL

OFFER.
MODEM%SA 300 baud unit, only 2” high fits

underEph ne. CALL mode only £45.00
MODEM 20-1. 75-1200 baud. Compact unit
for use as subscriber end to ESTEL,
TELECOM GOLD, MICRONET etc. £39.95
+ 8%26.5

MODEM 20-2 1200-75 baud. Same as20-1 but
for computer end, £65.00 + ggcs.so
DATEL 2412 Made by SE labs for BT this two
part uniti forny;thonlouldatalinksat 1200
or  24Q0 aud using . 2780/3780
protocol gtc. Many features include 2 or 4 wire
working, self test, auto answer etc,
COSE&O%ER £ Our price ONLY £1989

4800, RACAL MPS4800 baud
X B‘Esgooood working order, ONL_Y

SUMMER OFFER
MODEM TG2393. Ex BT, Upto 1200 baud. full
pr4 wire or half duplex over 2 wire line.
85 .OOIPEk PAIR + pp £10.00

For more information
GONTACT OUR SALES OFFICE

T ATLADINS' GAVE OF GO

8 -y &S 2o [ XXX X XN (AN AN
8 for 854 300 ns€1. ”or “”E ”r‘ ": . 3
0.00 2114 £2.50 2102 £2.00 6116 £2.50
2716 €450 2732 £300 2764 £4.95
8800 £2.50 6821 £1.00 88A09 £8.00
00 8085 £5.50 8086 £15.00 8251 £7.00 § ]
+ The ORIGINAL FREE OF CHARGE dial ux data?
¢base, Buy, browse or place YOUR OWN
¢ goods or services to sell. 1000's of stock items,®
spares and one off bargains. Updated daily. ¢
ON LINE NOW. CCITT, 8 bit word, no parity. .
For 300 baud modems call 01-679 1888
For1200-75 baud modems call 01-679 6183

enschein & Yuasa
318 12v 3ah as RS 591-770 NEW £13.95
A300 07191312 6v 3ah as RS 591-360 NEW £9.95
A300 07191202 6-0-5v 1.8ah as RS §91-382 Ex Equip
99 CB mount as RS 591477 NEW £1.00

uard N A
. &OULD JB-3AR Dim. 3" x 3" x 2.5" compact
) \“e qulet running 240v operation.

" ONLY £12,985 complete with data.

.
L
*
L]
[ 4
L4

i 5 B
e hot parts COUL and RELIABLE with .
our range of COOLING FANS
ETRI 126LF21: 240v 5 blade equipment fan
Dim. 80 x 80 x 38mm £9.85 ’
ETRI 88XUO0I Dim. 92 x 92 x 25mm
240v equipment fan, . complete with finger

W £9.95

BUHLER 89,11.22 8-16v DC micro miniature

reversible fan. Uses a brushless servo motor for

extremely high air flow, also silent running and
uaranteed 10,000 hr life. Measures only 682 x. .
2 x 22mm. Current cost £32.00. OUR FRICE -

MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fans 110v OR 240v NEW at £10.50 or tested
EX EQUIPMENT 240v £6.25 or 110y £4.95.7
1000’s of other fans Ex Stock.- =~ - .~
Call for Detalls, Post & Packing on all fans £2.00.

YT XY
RTY KEYBO:
Manufacturers BRAND NEW surplus.
ALPHAMERIC 7204/60 Full travel ASCII,
ggggey with parallel output and strobe.

.95

DEC LA34 ‘Uncoded keyboard with 67
quality gold plated switches on X-Y matrix -
ideal micro conversions etc. £24,85 ¢

AMKEY MPNK-114 Superb word processor
chassis keyboard on single PCB with 116
keys. Many features such -as On board
Micro, . Single 5v rail, full ASCH coded
character. set with 31 function keys,
Numeric k_eﬁpad. cursor pad and 9600 baud
SERIAL L ASCH OUTPUTI! ONLY
£69.00 with data. o

anufactured by
PLESSEY Ltd this
compact unit, only
slightly larger than a
telephone, features an
all in one TELEPHONE,
24 x40 chgraster gRT
‘screen, VIEWDATA -

- . PRESTEL modem, -
Keypad and_electronics to -rup as a fully
fledged PRESTEL terminal or telephone.
Ready to plug direct into a BT 600 type jack
socket and instantly connect you to
PRESTEL etc. Many other features include
Memory dialling, Recall button, Off line screen
data storage, . Picture expand, Standard
Mullard LUCY chip set, -Integral §” JVC crt
monitor, etc etc Designed to sell to the
EXECUTIVE at over £600! But {r
DISPLAY, BRAND NEW AND BOXED at
only £99.00 for DTMF tone dial or £140.00

\ . .
= = © Iy e terminal units enables a SUPER BARGAIN offer. Made bg

] ﬁ ¢ the UE GENERAL ELECTRIC CORPORATION the G
[ \ * MODEL 30 features a standard QWERTY 80 key

" computer system this monitor has all the features to suit your immediate and

L front panel, Separate Contrast and Brightness — even in RGB mode, Two types of

DOU U

RINTER / TERMIN

A MASSIVE purt.:hase'of these attractive stand aloné

® electronic keyboard coupled to a quality built matrix

printer with variable 3" to 9.5” forms tractor. The printer is

.capable of continuous duty printing, with up to 120
characters per line. Standard RS§232 interface accepts
ASCIl data at 110, 150 or 300 baud. |deal for Terminals,
« Dataloggers, local label rinting orjust as a printer!! Sold
+ TESTED with data ONLY £95.00. Also available with
: TWIN MAGTAPE CASSETTE unit for data capture, data
o

D fors

preparation etc £150.00 Carriage £10.00.

[ XXX R AN D]

SVSTEM ALPHA’ 14” COLOUR MULTI INPUT MONITOR
made in the UK by the famous REDIFFUSION Co. for their own professional

future monitor requirements. Two video inputs: RGB and PAL Composite Video,
allow direct connection to the BBC and most other makes of micro computers
and VCR’S. An internal s?eaker and audio amplifier may be connected to your
“systems output or direct to a VCR machine, giving superior sound quality. Many
other features included PIL tube, Matching BBC case colour, Major controls on

audio input, Separate Colour and audio controls for Composite Video input, BNC
plug for composite input, 15 way ‘D’ plug for RGB input, modular construction

-etc etc.
’ This Must be ONE OF THE YEAR'S BEST BUYS
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
E " "SUPPLIED BELOW ACTUAL COST - ONLY £149.00

DECCA 80 16" COLOUR monitor. RGB input. i i
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£09.00, a price for a colour monitor as yet unheard of!! Our own interface, safety
modification and special 16” high definition PIL tube, coupled with the tried and
tested DECCA 80 series TV chassis gives 80 column definition and picture
uality’ found only.on monitors costing 3 TIMES OUR PRICE. In fact, WE
UARANTEE you will be delighted with this ?roduct, the quality for the price,
has to be seen to be believed. Supplied complete and ready to plug direct to a
BBC MICRO computer or any other system with a TTL RGB output. Other
features are: internal speaker, Modular construction, auto deaaussin circuit,
Attractive TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day
gtg:ar%r‘\)(qe. Although used, units are supplied in EXCELLENT condition, ONLY

9 + Carr. .
DECCA 80, 16" .COLOUR monitor. Compositve video input. Same as above
model but fitted ith Composite Video input and audio amp for COMPUTER,
.VCR or AUDIO VISUAL use. ONLY £89.00 + Carr.
REDIFFUSION MARK 3,.20" Colour monitor. Fitted with standard 75 ohm
composite video input and sound amp. This large screen colour display is ideal
for%hopgi schools, clubs and other AUDIO VISUAL applications. Supplied in AS
or little us: + Carr.

NE ed condition ONLY £145.00
BUI.')_?ET RANGE EX EQUIPMENT MONOCHROME video
monitors.

All units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for 80 column use on BBC micro etc. Even
when MINOR screen burns exist - normal data displays are unaffected. .
12" KGM 320-1 B/W high bandwidth input, will display up to 132 x 25 lines.

1 33'8355" SCREEN version of KGM 320-1 Only £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £65.00
9" HITACHI VM-906E/K Black and White screen £49.95

Carriage and insurance on all monitors £10.00

p & o ¢ B 4 B A L * B b i ' ¥ ¥ ¥
GOULD OF443 enclosed, compact switch mode supply with DG regu ated outputs o
+5v.® 5.5a, +12v @ 0.5 -12v @ 0.1a and -23v @ 0.02a Dim 18 x 11 x6 cm. 110 or
240v input BRAND NEW only £14.95
GOULD GB-40A 5v 40 amp switch mode supply NEW £130.00
GREENDALE 19A-BOE Switch mode 60 watt open PCB with a fully rescltl.llated DC
output of 5v @ 6 amps, and three semi regulated outputs of +12V, =12V +15V @ upto1
amg. Dim onfy 11 cm x 20 cm x 5.5 cm. imilar to RS 591-994. 110 or 240v AC input.
TESTED ex equipment. Only £24.95 o
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a rugged
ALLOY chassis to continuously sugﬁly tully regulated DC outputs of +5V @ 3 amps, -5V
@ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage protected. 110 or 240 V
AC input. DIm 28 x12.5 x 7 cm NEW £49.95.

Carriage on PSU's £3.00

for standard DIAL PULSE version.
Carr. £8.00. )

00 BAU1

Another GI
NEW or little used 28 data modems allo

REDUCTION, and for YOU to join the exciting world of data
commicainis T UNHEARE O ricE o O Eas 0 e o SR B M
the highest ICE A spec at a cost of hundreds o ock, Swivel and tilt base, Printer port, Function
pounds each, the 2B has all the standard requirements for data base, k BRAND NEW and BOXED AT ALMOST
business or hobby communications. All this and more!!

@ CALL, ANSWER and AUTO modes
® Standard RS232 serial interrace
@ Buill in test switching

@ 240v Mains operation

@300 baud full duplex
@ Full remote control

@ CCITT tone standards
@ Supplied with full data

@ Modular construction '\\ @ 1 year full guarantee ONLY £1%2 00 terminals £10.00
: ; i PN ° ires t mms. line rriage on termina .
@ Direct isolated connection ¢ Just 2 wires to co 100's ofgothey terminals in stock,

BT 600 Jack plug and cable £2.25 . Carriage and Ins. £10.00

ANTIC purchase of these EX B COM, BRA
ws US to make the FINAL prices!!

Ml

ry terminals at give away

Standard VDU data ent

QUME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" green

s etc.

HALF PRICE Onlé £425.00 .
AJ510 - EX RENTAL, Z80 controlled, 15
green screen 24 x 80 display, graphics, cursor
addressing, grinter port etc. Very good condition
TESTED complete with manual only £225.00.
ADDS 520-Dumbterminal, used, 12" b/w screen
R/S232 interface and printer port. TESTED.

CALL for more details.

All prices quoted are for U.K. Mainlaiid, 'paid cash with arder in Pounds Sterling PLUS VAT. Minimum order value £2.00.

Minjmum CreditCardorderf 10.00. Minimum BONAFIDE account orders from Government Depts, Schools, Universitiesand
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. W
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

arehouse open Mon-Fri

32 Biggin Way, Upper Norwood, London SE19 3XF N
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 4!
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There have been a number of
developments in the telecom-
munications arena since | last
wrote. First, it looks as though
British Telecom’s bid to buy a
51% stake in Mite! is to be
cdeared by the Monopolies and
Mergers Commission. The original
£180 million bid — yes £180
million — was madein May of this
year, and consequently referred
to ‘the Commission as many
telephone equipment manufac-
turers like Plesseyand GEC believe
the acquisition would be harmful
to them. And wouldn't it?

Let's think of the possibilities. I f
BT is allowed to buy the controll-
ing share of Mitel, it can then
press ahead with the manufac-
turer of small private automatic
branch exchanges (PABXs) of the
sort Mitel already makes. it cur-
rentlybuys these exchanges from
Mitel, of course, as well as buying
similar exchanges from other
manufacturers (such as Plessey
and GEC) — the difference being
thatas BT will, in effect, be manu-
facturing its own exchanges, a
greater profit will be made from
the equipment than that from
other manufacturer's equip-
ment. In the long term, BT is

bound to increase its manufac-
turing capabilities to reduce the
intake from other manufacturers
— that is an inescapable fact. So
on the face of it, yes, the other
manufacturers have the right to
grumble.

On the other hand, BT is now
committed, since privatisation,
to providing the best service for
its customers (theoretically, it was
before privatisation, too, but that's
anotherissue). It stands to reason,
therefore, that BT would be
entering the manufacturing side
of the industry, anyway. And if it
doesn’t purchase the capabilities
in one swoop, by buying a con-
trolling stake in a company such
as Mitel, itwillinevitablysetupits
own manufacturing organisation
in stages over the coming years.
The difference between these
two alternatives is simply the
timespan, of course, Plessey, GEC
et al, have no reason to assume
they are the rightful suppliers of
equipment to BT — if they can
supply suitable equipment to BT
at an economic price then | am
sure BT will not wish to make the
equipment itself.

The best outcome of the affair
must be arecommendation from
the Monopolies and ‘Mergers
Commission that BT can buy Mitel
if it wants, but that for a limited
timespan it cannot increase its
market share because of the
manufacturing advantage. This
will give other manufacturers a

chance to get their houses in
order.

Wire We Waiting

In an unprecedented attempt
to awaken public interest in the
possibilities of cable’ television
systems, the Department of Trade
and Industry is allocating £5
million in the form of grants, to
companies involved in interac-
tive cable television demonstra-
tions. Since the first rumblings of
the cable television revolution
were first heard, back in 1982,
less than £2 million has been
given in support — so the new
sum represents quite a step
forward,

Through the Support for Innova-
tionschemerunbythe DT, those
,eligible will receive up to 50% of
the costs of providingthe demon-
stration equipment. Equipment
funded from this magnificent sum
will, lamsure, persuade Joe Public
thatinteractive cable television s
all that it was originally cracked
up to be and better! In reality, Mr
Public probably feels, and still
will feel, that interactive cable
television is justanother gimmick
to make him part with his money.

Wire-less Are We Waiting

The selection procedure to
determine the organisers of pro-
posed community radio stations
is now underway.

Communityradio is planned to

go on-airin the Spring, initially as
part of an experiment lasting two
years but eventually, it is hoped,
on a full-time basis. If concluded
and introduced satisfactorily
community radio will provide an
important new service not per-
formed by existing radio broad-
casters—ie, the BBCandtheIBA.
Rumours abound, however, that
there are certain personnel on
the advisory selection panel who
(having very close links with these
very same existing radio broad-
casters) would not want com-
munity radio to take off without
problems, or more importantly,
would notwant community radio
to take off at all. I am convinced
that the Home Office will look at
all viewpoints most sympatheti-
cally and weigh up the situation
thoroughly before allocating the
franchises for the community
radio station. Watch this space...

Why ARE We Waiting?

At the time of writing I've had
no news from the CCIR meeting
regarding the future of European
television — ie, whether we're to
g0 to the Japanese HDTV route,
or the European extended
C-MAC route. These things take
time, I'm sure. It's taken us 50
years to get this far — we’ll be
damned if a few Japs can get us

.into a flap over what's best for

our telly.
Keith Brindley

To save a few pennies on our
projects at ETl, we often buy
cheap bags of mixed compo-
nents. Last week we received a
pack of assorted CMOS ICs from
BI-A-BAG and set about testing
and sorting them out.-All went
_well until we came across an IC
with no markings on atall.‘Don’t
throw it away, said Alf. ‘It's just

what | need to test my new IC,

identifying machine.’ He trotted
off to his workshop and returned
a few minutes later, proudly
showing us the printout from his
machine. This is what it said:

1C TYPE: MASK PROGRAMMED
ROM, 256 x 1

PIN1 NC

PIN 2 Address line
PIN 3 Address line
PIN 4 Address line
PIN & Address line
PIN & NC

PIN 7 ov

PIN & NC

PIN ¢ Address line
PIN 10

Address line
ETIJANUARY 1986

PIN 11  Address line
PIN 12 Adress line
PIN 13 Dataout
PIN14 4V
CONTENTS:

Locations O to 254 contain 1
Location 255 contains 0

We were most impressed until it
occurred to us that there was a
much more likely identity for
the IC.

To test our idea, we gave Alfa
certain 4000-series CMOS IC to
test on his machine. He soon
returned with a puzzled look on
hisface and a printout exactly the
same as the one above. Which IC
did we give him?

The answer to last month's
puzzle. :

Let's suppose you actually tried
to build an infinite resistor net-
work. You could start off with a
single section of two 4R resistors
and a 5R, giving a resistance for
the first section of 13R. Working
from left to right, you could then
add another pair of 4R resistors
and a 5R. The resistance at the

‘terminals would have dropped

slightly because the 4R resistor of
the first section is now in parallel
withthesecond section.Addinga
third section would reduce the
resistance yet again, but by a

much smalleramountthan before,

By the time you had 100 or so .

sections connected, you'd be
hard pressed to measure any
change in resistance at all from
adding another section, and when
you reached a billion sections,
even your ultra sensitive meter
with one single electron resolu-
tion would have given up long
ago. Foran infinitely long resistor
network, you would nothave any
change inresistance atall byadd-
ing another section, not even in
theory.

Instead of adding another
section to the right hand side, |
want you to add one to the left. |
know that means an infinitely
long walk to the other end of the

resistor chain, butit'sallina good
cause, Let’s call the resistance of
the infinitely long resistor chain
‘Alf, after its inventor. Adding
another section at the left hand
side gives aresistance at the new
terminals of; . i

(9R +4R)//Alf

Since the resistance of the new
chain will be justthe same as that

of the old one, we have:
Alf = (9R + 4R)//Alf

This is an equation that we can
easily solve for Alf, and we find
thattheresistance of the network

is 12R. ETI

- MERRY XMAS

AND

- A HAPPY 1986

FROM |
ALF AND ALL
OF USATETI
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REVIEWS — 1985 BOOIKS

CIARCIA’s CIRCUIT CELLAR Vol IV

Steve Ciarcia. Price: £18

McGraw Hill Books Co. (UK) Ltd., Shoppenhangers
Road, Maidenhead, Berkshire SL6 2QL.

ELECTRONIC AND MICROPROCESSOR
CONTROLLED SECURITY PROJECTS
Vaughn Martin and Dean Davis. Price £14
BUILD A PERSONAL EARTH STATION FOR
WORLDWIDE SATELLITE TV RECEPTION

Robert J Traister. Price: £12

EXPLORING LIGHT, RADIO AND SOUND

ENERGY, WITH PROJECTS

Calvin R Graf. Price £9.45

John| Wiley & Sons Ltd., Baffins Lane,

West Sussex PO19 1UD

Chichester,

THE [EXPERIMENTER’S GUIDE TO INTEGRATED

CIRCUITS

Robert J Traister. Price: £12.70
THEIEXPERIMENTER’S GUIDE TO SOLID STATE

DIODES

Robert J Traister. Price: £11.80

Pren

ice-Hall International, 66 Wood Lane End,

Hemel Hempstead, Herts HP2 4RG

EASY

ADD-ON PROJECTS FOR THE

COMMODORE 64, VIC-20, BBC MICRO AND

ACORN ELECTRON
Owen Bishop. Price: £2.95

Bernard Babani (Publishing) Ltd., The Grampians,
Shepherds Bush Road, London W6 7NF.

COST-EFFECTIVE ELECTRONIC CONSTRUCTION

John Watson. Price: £5.95

MacdMillan Education, Houndmills,

Hanits RG21 ZXS

Basingstoke,

Not |ong ago | spent some time
worlzing on a journal for the
British and Australian market
which, to a large extent, was
interided to be an editorial trans-
lation from American initiated
text.|] quickly realised that this
idea| wasn’t possible. The
Ame{ican and British markets in

electronics publications are quite
different — it's not simply amat-
terof re-styling Americantexttoa
British manner, because the
actual language used is very dif-
ferent, too, The outcome was that
a virtual re-write of the journal

was necessary before we dare
publish it. : .
The same differences exist bet-
weenAmericanand British books
on electronics: and are indeed
amplified when the books are
about electronics projects —not
only is the language different, but
components which are common-
place in America are sometimes
difficult to obtain here, True, you
can still find a large number of
American booksaboutelectronic
projects on the bookstalls — look
for yourself — but that's not
because they're particularly good;

BINDERS

FOR YOUR VALUABLE COLLECTION
OF ELECTRONICS TODAY Rl
INTERNATIONAL MAGAZINES - & £56.20
« SMART ¢ EASY TO USE * TOP QUALITY i
. To ASP Readers Servioes, PO Box 35,
Wolsey House, Woisey Road, Hemel
Hempstead, Herts HP2 488 (0442-41221)

Camtn/

s P&P
~. n"ll

¥ Please SUPPIYerrsinanrassassasass Electronics Today Interntional
1 Binders @ £5.20 inc. P&P
: Total £ ....... (Please make cheques payable to ASP Lid.)
1 Years Required — 188........ 198........198........ 198........
. ' Name
& Address
Please allow 21 days for delivery .

Y
inc 1\
¥

it's just that the British counter-
parts aregenerally bad!

New books are continuously
appearing and it's to some of
these that I’'m now going to turn
my: attention. Six of these are
American imports but two are
British thoroughbreds. I'll deal
with the American books first.

Ciarcia’s Circuit Cellar

Steve Ciarcia is a well-known
and respected columnist and
writer in America. In fact, this
book is simply a collection of his
columns published under this
title in Byte magazine, so it will
notbe newto those who read the
magazine, :

There are 18 chapters in the
book corresponding to those
columns in the January 1982 to
June 1983 editions of Byte. The
subject matter is therefore not
quite up-to-the-minute, but it is
nevertheless quite interesting.
Among projects described by
Ciarcia are a computerised
weather station, a simple speech
recognition circuit, an infra-red
remote controller, a real-time
clock, a laser-disc controller, a
computer-controlled sound
effects generator and a build-it-
yourself IBM compatible
computer.

Most of the projects are reason-
ably simple (with the notable
exception of the IBM-compatible
computer) and are generally
based around one new, main 1C
with a handful .of peripheral

devices. Programs are included. -

where required. In America, at
least, the circuit boards and com-
ponents for most projects are
available mail-order, although this
may not be true for the British
reader.

Each project is accompanied
by a chatty but fairly detailed
explanation of operation which
allows the reader to get to know
the project before building it —
rathersimilarto the’How [t Works’
section in ET! projects.
Where necessary, the author
also gives.any background infor-
mation regarding the electronic
principles. His long experience

N\,
N

as a project designer for
magazines throughout the USA
gives him a great insight into
what readers want from do-it-
yourself electronic projects, and
although the book is written in
Americanese, even  British
readers may find it a good buy.

_ Finally, although | wouldn’t
particularly recommend  the
book as being the best example
of electronics project books (it
is American, remember), you
should remember that most of
the projects described are
designed with computer inter-
facing in mind, so those readers
with computers who go in for
interface projects should find
the book useful, if only for the
ideas discussed. It is certainly
one of the best written
American books on electronic
projects | have seen.

Electronic And
Microprocessor Controlled
Security Projects

This book is all about home
security systems — burglar
alarms and such like — so it's
specific in nature, which of
course limits its own potential
market. Some of the principles
discussed, however, are general
ones, so readers shouldn’t rule it
out before looking at it. And,
although specific security pro-
jects are discussed, a large part
of the book is given to discuss-
ing general security principles,
so it could form part of a
reference library on security
topics. In content, the informa-
tion is not particularly in-depth,
but it does present an overview
which may interest those
readers who have never built
security projects before and
who require  an easy
introduction.

The first part of the book
deals with security projects
which are not microprocessor-
controlled, while the second
part describes those which are.
Rather than using a home-
computer-and-interface-type of
arrangement for the micro-
processor controlled projects
(which most other writers would
have done) the authors have
designed and built their own
dedicated microprocessor con-
troller board, details of which are
given in chapter 4.

Each project (bar one) is
designed on a printed circuit
board (all patterns "are given,
same size), although this won’t
prevent the dedicated elec-
tronics enthusiast from design-
ing his own or even building the
project on bréadboard. Some of -
the more complex projectsinthe
book are accompanied by board
Jayout diagrams, timing diagrams
and fault-finding charts.
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Build a Personal Earth
Station

CIL\apter 1 of this book starts

(and I quote) “Most of us on
planet Earth have several things
in common. One of these is the
television age.” and from then
on the book gets worse.
Despite its title, the book
gives no information at all on
building your . own satellite
television receiving station, so
its a pity the UK's Trades
Description Act doesn’t apply to
American books. The book only
gives details on siting commer-
cially available receiving equip-
ment. inthisrespectit'sabitlikea
'Blue Peter guide to making your
own interplanetary spaceship!

The Experimenter’s Guide
to Integrated Circuits

Another book from the pen of
Robert ) Traister, this one pro-
vides much more meat for the
electronics builder, albeit a little
basic:
describes the fundamentals of
integrated circuits: how they are
made, how they are packaged,
how ‘they are used, as well as

some  simple  information
regarding other components.
General circuit and project

building practices are also
discussed, along with some of
the author's views on safety in
the electronics lab.

The differences between
analogue and digital ICs are
adequately covered and some
of the many types of digital
families are described. One area
which is sadly lacking, however,
is a description of CMOS ICs.
The author doesn’t even men-
tion them let alone use them in
circuits! All regular ETI readers

“will know that CMOS ICs are an

integral part (yes, a pun!) of the
electronics scene nowadays so
no electronics book of this
nature should dare ignore them.
However, this is an American
book,:and from it we can only
presume that CMOS devices
have not achieved the pop-
ularity in America which they
have here,

A good selection of circuits
for experimentation and project
building are included in the
book, but they are a little biased
in favour of analogue ICs.

The Experimenter’s Guide
to Solid-state Diodes

What Robert ) Traister did for
ICs in the previous book, he
now does for diodes in this
book. -The same major areas:
manufacture, packaging, use,
safety, ' construction techniques
etc, are covered, this time in
relation to the various forms of
semiconductor diodes available
to the electronics enthusiast.
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in " parts. Mr Traister -

With the ICs of the previous
book, discussions of these areas
can only be general because
there are so many different
types, but with diodes, on the
other hand, much more specific
information can be given. There
are, after all, only a limited num-
ber of available types of diode.
Mr Traister takes advantage of
this and supplies some high
quality and in-depth informa-
tion. For example, Chapter 2

gives all the important specifica-

tions which will be needed by
the .average builder when
choosing a diode for a particular
circuit. It's not possible to give
this type of information in a
similar book on ICs.

A wide variety of projects is
given in the book, ranging from
simple diode protection and
power supply rectification cir-
cuits to thyristor and triac con-
trol and LED meter applications.

This really is a most unusual
book. It is packed with informa-
tion about many aspects of elec-
tronic communications and
transducers, but it's written in
such a way as to confuse the
reader into thinking that this is
not what it's really about at alll
And if you're not confused by
that description of the book,
then you'd better read the book
itself,

The bulk of the book is about
electromagnetic and sound
phenomena. Via experiments
the author takes the reader
through some fascinating ideas
that would normally be pre-
sented in more orthodox ways.

For instance, the reader is told
how to use transducers and
amplifiers to listen to a variety
of things including LEDs and
LCDs, heart pacemakers(!), and
various sounds not normally
heard from car engines such as
the alternator turning, the
distributor and the fuel gauge.
Thunderstorms, aircraft vibra-
tion and fish are also covered.

Along the way, however, the
principles involved in these
experiments and projects are
described, so that just by work-
ing through the book from start
to finish you should pick-up
(excuse the pun) a great deal of
knowledge. It's an  unusual
book, and it's only a pity more

can’t be written like it. Other '

authors take note!

Easy Add-on Projects

At last, | feel I'm on home
ground with the first British
book, written in English. There's
bit of a difference in price, too,
from the American offerings.

Owen Bishop, as you may
know, is a respected author in

|

the electronics world, and has
written many other books of
projects as well as several
magazine articles. Recently, his

attention has turned, like that of

many electronics writers, to pro-
jects which interface to home
computers, The home computer
market has taken off nowhere
as strongly as it has in the UK, so
it seems only natural that UK
authors could write about it
well. Owen tackles the problem
with his book in an authoritative
way, describing projects which
can be used with any of the
home computers listed in: the
title, .

The ‘projects include a pulse

detector,  picture digisiter,
model controller, bleeper, lamp
flasher, light . pen, magnetic
catch, photoflash, - and a

weather station. All projects are
fairly simple and inexpensive to
build, so beginners as well as
the more experienced construc-
ters will find the book a useful
source of ideas, .Sample pro-
grams.are included to get the
projects up and running.

Cost-effactive Flectronic
Construction

Where the American books |
have reviewed so far fell down

- was in their presentation of the

projects to be built by the
reader. The Americans view the
construction of the project as
being a boring, almost secon-
dary concern; they are mainly
concerned with blowing their
own trumpets and singing the
project's praises. The better
books deal as much with the
nitty-gritty topics such as how to
actually build the projects in the

first place,
This book is one of the best. It
describes some simple but

effective and useful projects in
a step-by-step manner. Like
those in Owen Bishop’s book,
reviewed above, each project’s
operation is described together
with methods of construction
and use. Photographs and illus-
trations are used to advantage.
Where Bishop gives a consider-
able amount of background
information on the principles
involved in  his projects;
however, John Watson doesn’t.
This is the only area which
could have been expanded.
Projects include an automatic
porch light, a drill-speed con-
troller, a stereo simulator, an
xenon strobe, a freezer tem-
perature alarm, a computer
input/output port and a model
radio-control system
Keith Brindley

Germany and USA upon request.

Small signal
Power

FETS — Power Mosfets
Unijunctions

Rectifiers and Bridges
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Universal Semiconductor Devices Ltd.

17 Granville Court, Granville Road,
Hornsey, London N4 4EP, England.
Tel: 348 8420/9425* Tix: 25157 usdco g

We offer one of the largest ranges of semiconductorsat highly economicat
prices. The following semiconductor types are available from stock. If we

don't stock what you need then we can getitfastfrom our facilities in West

TRANSISTORS — Bipolars — Germanium and Silicon

Darlingtons — all shapes and sizes
VHF/UHF devices — all shapes and sizes
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DIODES — Germanium and Silicon

Opto-Electronic devices
LEDs of all shapes and sizes

THYRISTORS and TRIACS — All

INTEGBATED CIRCUITS: Consumer — Digital/Analogue

JAPANESE COMPONENTS — Vast range of discrete’s and consumer IC's
Mail order customers: Please send for our comprehensive price list,

enclosing 75 pence in stamps. Chequeor postal order. This sum Isrefund-
able with a first order value of £5.00 or more.

Catalogue sent free or charge, when requested on official letterhead

(without refund), to OEM's, Schools, Colieges, Universities, Government

Institt_mons. Computer Firms, Electronic Repair Firms and Distributors.

Special discounts and payment terms are available to above institutions.
Please enquire for quantity distcounts.

WE WELCOME TELEPHONE AND TELEX ENQUIRIES!

shapes sizes ratings

Microprocessors and Peripherals
IC Sockets
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SCRATCHPAD
by Flea-Byte

Thetrick with this puzzle is not
in doingthe sums, butindeciding
which sums to do in the first
place] It would no doubt be pos-
sible to form a series of partial
sums| beginning with the first
resistor section and progressively
adding more sections, and to
show|that the series tends to a
limit. Alf is much too lazy for the
complicated mathematical mani-

pulations involved with this
approach.

* kK
Here|in the gloomy recesses of

ETI Towers it dawned on us sud-
denly with the force of revelation
thatwhat the world really needed
atthistime of the yearwas another
award ceremony. Well, all of us
make mistakes.

Undaunted, Flea-byte setabout
the task of drawing all the neces-
sary threads together with a will.
Sir Richard Attenborough was
engaged to weep volubly; Princess
Alexandra (or maybe it was
Prindess Michael of Kent, or even
Prindess David of SW7) was

engaged to smile condescen-
dingly; even David Puttnam
agreed to come and tell the guests
how British Electronicsis the best
electronics in the world. We
booked the Caf& Royale and
invited everyone we could think
of. Only at this point did it occur
to Flea-byte or any of the toiling
minions working on the project
that nobody had been con-
sidered to receive an award.

Let metell you, there was panic.
Ateam of expert judges was has-
tily recruited and supplied witha
year's back-copies of ETI, Elec-
tronics News and the Beano. They
were locked in a room and told
not to come out unti! the awards
had all been agreed or they had
all killed each other. In the event,
only our very own Alf emerged
unscathed to present what he
said was a unanimously agreed
list of award-winers. Of course,
Flea-byte had no way of knowing
whetherAlf was bending the truth

_a little or not, since all the other
judges were by now assuming
postures of extreme stillness and
silence. Alf said they were practis-
inga new form of Korean medita-
tion called Be-lng-Ded, but
Flea-byte was not convinced.

As it turned out, we really
needn’t have bothered sincedue
to a proof-reading error the invi-
tations had all gone out inviting

people to attend ‘An Away Cere-
mony To Present The ET1 Draws
for 1985, to be held at the
Caf& Royale, Bremerhaven, on
December 31st, 1984. Needless
to say, nobody accepted.
However, Flea-byte couldn't

letall his hard work go towaste, to - .

say nothingoftheefforts made by
Alf, the minions and the judges.
SoScratchpadis proudto present

the first annual ETI awards for:

1985 on this page.

The Walt Disney award for con-
tributions to artificial intelligence:
Ronald Reagan.

TheJoan Collins award for opti-
misminthe face of overwhelming
odds: Sir Clive Sinclair.

The Clive Sinclair award for
promotion: Halley's Comet,

The lsaac Newton award for
contributions to the study of
gravitational  effects: Boeing
Aircraft.

The Most Promising New-
comer award (for the third year
running): Gallium Arsenide.

The TINA (an award instituted
by Margaret Thatcher to encour-
age resistance to change): TTL.

The Input-Output award for
services to amplification: Sara
Keays.

The General Motors award for
services to the British Economy:
jointly awarded to Olivetti, IBM,
lan McGregor and Japan.

The Clark Kent award for the
most original idea about. tele-
‘phone boxes: Cellnet.

* ok ok

Phone Phun

Some of the more amusing
stores of 1985 centre on the new
telephone services designed to
create a demand-fuelled expan-
sion in the current vogue arena of
electronic development — com-
munications. One may dispute
the rights and wrongs of deregu-
lation, privatisation and the
break-up of monopolies like BT
and AT&T in America, but there is
no arguing that we are not pre-
pared for the new freedoms we
are being offered. In Bristol, for
example, an experiment in ite-
mised telephone accounts ran
into near disaster when bills star-
ted arriving at private households
featuring numerous calls to
telephone numbers unrecognized
by one or other member of the
household. Curious wives orhus-
bands were not slow in discover-
ing that their partners were, often
as not, hiding illicit relationships
behind the unemotional front of
a simple six-digit number. As a
result, it was said that forthe dura-
tion of the experiment divorce
and separation statistics in the
Bristol area rocketed.
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164M

26 Rangés. 20,000
Ohms/Yolt. Anti
Parallax Mirrored
Scale. Taut Band
Suspension. Shock
and Overload
Protection. Max.
1250V AC/DC. 10A
AC/DC.30 Meg

bench_stand
(List £43.47)

I .95 inc.VAT battery, instructions
(UK C/P 85p) and CARRY CASE

Ohms.Carry handle/

Complete with leads,

SAVE £57.50 ON PRE
,_"HIGE WITH Pnoaz'sous

V212 Hitachi Dual DC to 20MHZ Portable
‘Scope. &' Square CRT. 5mV/DIV. Max 1mV.
All Facilities

NEW LOW PRICE
£343.85inc.VAT

(UK TNT delivery £8.00)

174M

23 Ranges. 50,000
Ohms/Volt. Taut
Band Suspension.
Anti Parallax
Mirrored Scale.

Protection. 2500V
DC 60 Meg Ohms.
stand {List£47.15)

battery, instructions
and CARRY CASE

Shock and Overload
AC/DC. 20z A to10A
Carry handle/bench

Complete with leads,

186M

26 Range 3% Digit LCD.
AC/DC0/200uA to 0/10
Amps.AC/DC 0/200mV
to 0/1000 Volts 0/200
Ohm to 0/20 Meg
Ohms Auto Zero, Auto
Polarity, Fuse
Protected, efc (List
£71.30)

Complete with leads,
battery, instructions
and CARRY CASE

£33.95 inc.vaT (UK C/P85D)

2] AUDIOELECTRONICS
z8| 301 Edgware Road, London W2 1BN

] Tel: 01-724 3564
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DI Compression Gate

Sophisticated signal conditioner
combining the functions of NOI
GATE, COMPRESSOR & DIRECT
INJECT BOX. Minimum of controls for
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@l maximum ease of operation, Musical
& performance and strappable for stereo
Q g operation. 4-LED display of gain

I reduction and tricolour indication of *
2B gate status.
g 0 Activator

Psychoacoustic enhancer offers
performance rivalling that of £400 units
z/et is easier to use, with sophisticated
iltering, semi-automatic operation and
an “inlelligent” display.
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Microamp (Available January)

m U] Compact, stereo power amplifier with

= m the refiability and superb perfermance *

m m of MOSFET technology. 30 Watts
yms per channel into 8R or bridgable

WP for BOW.mono, True chip indication and

@l% soft limiling.
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DIN plug {regulated voitage).
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Time
Machine

SOUND ENGINEERING

of Devon

ANNOUNCE AN EXCITING NEW RANGE OF STUDI® QUALITY PROCESSORS,
AMPLIFIERS AND ANCILLARIES, IN STACKABLE 84" CASES 1U HIGH.
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KIT £68 BUILT £98

T Yime Meckine

© o .l

(X112 X1
KIT £74 BUILT £98

T Time Machine
‘ oLty —1

MICROAMP

JO)

The tidy answer to power supply problems. Housed in a 13A plug, this
B supplies £15V at 200mA per rail for powering TIME MACHINE
[Il processors. Supplied with a sensible 2 metre cable terminated in a 3-pin

Coming 500n: LEVELLOR MULTIBAND COMPRESSOR PL
TIME MACHINE ONE

All TIME MACHINE products have attractively styled steel cases bristling
with inputs and outputs, balanced and un-balanced, have knobs you can

KIT TBA BUILT £98

us
REVERB/DELAY/HARMONISER

you ook at them, offer

2C

get your fingers between with metal shafts that don't break as soon as
b Yo ori

prices,
are made in Britain and have manuals written in clear English. Need we
say more? If so send a decent size SAE to:

. N 11

m m Time Machine, t€ TT), Abbotsford, Deer Park Avenue, (5]

[I] II] Teignmouth, Devon,TE14 9L.J. Tel: 06267 2353. m II]
- - - n - -

Chi ble to *TIME MACHINE". P llow 3 to 21 f

m m de:g:é:pAalYiricee: include VAT, postage :ﬁzepaaccl’%g. © days for l]] [l]
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Lineage:

45p per word (minimum 15 words)
Semi Display: (minimum 2 cms)

Y E

£11.80 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)
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ETESON ELECTRONICS

@ g @ Poulton-le-Fylde,
EcE ooty e

Open: 9.30am-12.30. 1.30-5.30. Closed Wed & Sun.
Electronic Component Specialists.

156B Lowsr Green,

lackpool

-~ : ”
L KENT '

Calland browse anyt

ONE STOP ELECTRONICS
1284 Maidstone Rd., Rochester ME1 3DT
: Tel: 0834 400179

Open 7 days a week.

Test equipment, telephones, two-way radios, repairs,
cellular radio and components.

cept Wed.

day afternoon.

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street. Tel 051 236 0154
47 Whitechapel. Tel 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

“T>ZO0TISOMrm

COMPONENTS

RESISTORS, CAPACITORS.
1,000 mixed carbon film W, %W,
%W, 2%, 5%, 10% resistors £2.95
+ 50p P&P. SAEfor détails to: D.J.
Hooker, Romney Marsh, Elec-
tronics, Clark Road, Greatstone,
New Romney, Kent TN28 8PB.

AIRLINK TRANSFORMERS
manufacturer of Torodial and
standard transformers. Phone
Mike Dornan, Newmarket 0638
662989 for details.

VAST: RANGE of -science pro-
ducts, components, lasers, optics,
computer supplies, chemicals,
hardware and many hard tofind or
rare items. Unstocked items pur-
chasing service. SAE with details
of your specific requirements or
for catalogue. Science & Technol-
ogy Products CET3, PO Box 192,
Poole, Dorset BH15 4AL.

TRANSISTORS
Guaranteed top-spec devices
BC107, hfe>125,1c0.1A, 50pc £7
BC109, hfe>240, Ic0.1A, 50pc £9
BC184C, hfe>450, 1c0.2A, 50pc £5
'For 100+ pc deduct 15%
All orders add 15p P&P + 15% VAT
Connexion Services, P.0. Box 1
. Ratby, Leicester LE§ 0XU

ETI JANUARY

COMPREHENSIVE PLANS to
build an electric shock machine,
contains full explanatory text, dia-
grams, stickers and 0.68 uf capa-
citor.£1.55including post. P, Bartle,
3 Wood Nook, Norland, Sowerby
Bridge, Yorkshire HX6 3RZ.

NEW AND SURPLUS com-
ponents in stock. Spectrum Radio
& Electronics Ltd, 36 Slater St,
Liverpool L1 4BX. Tel. 051-709
4628.

THE ' HUNT ELECTRONICS
COMPONENTS CATALOGUE is
FREE. Its full of top-quality com-
ponents at excellent prices. Phone
0283 703071. P.O. Box 57, Derby
DE6 6SN.

CHEAP, CHEAP!
Mail order only. .

4116

4184

41256

LS138 50p
LsS244 73p
LS245 83p
LS373 83p 2764
L8393 95p 27128 £5.50
Add £1 P&P. Send 20p + S.A.E. for price list.
C. Bank, 8 Jubllee Rd., Porchester, Hants.

FOR SALE
LIQUIDATOR STOCK, mustclear,
Intel Bubbles, 300.1061, 300 1064,
,300 1066, 300 1062, 300 1065, 400

1000, Nijo Properties, Charnwood
House, Quorn, Leics.

ELECTRONICS‘TODAYINTERNATIONAL CLASSIFIED

01-437 0699 Ext 323

Send your requirements to:
) Caroline Faulkner
- - ASP Ltd.,
1.Golden Square,

"London W1.

POWER SUPPPLIES BOOKS & PUBS.

NWOKOYE
ELECTRONICS

Power supplies with thermal, short circuit
and reverse outputvoltage protection pius
improved ripple rejection.

N.P.01

Miniature stabilised variable p.s.u. (2.5 -
13V) at up to 500mA. £10.95 + £1.50.
N.P.02

2.5 - 30V (or switched 5V) at over 1.A with
separate selectable constant current
source (10MA, 100MA, 1.A). also fused
40V unstabilised output. £26.95.

N.P.03

A +1.25t0 +10V dual power supply with
switched +5V, excellent tracking qualities
even with unbalanced loads and an un-
stablised fused 30V output. £26.95. -
815

Quality function generator with separated
sine, square and triangular outputs. 10Hz -
1MHzin § ranges separate amplitude con-
trols independently variable sine, square/
triangular frequencies. £23.95.

T162 .
Analoguefrequency meter. 100Hz - 1MHz,
in 5 ranges variable sensitivity. £26.95.

Cheques/P.0.’s + £2 pép to:
NWOKOYE ELECTRONICS
52 Keslake Road, Kitburn,
London NW6 6DG

NEW ADJUSTABLE
1AMP DC PSU

3 to 9V or 9 to 15V current limited,
battery circuit, high quality, built and tes-
ted, £14.50. Remote switching option
£1.50, case £2.50. Please add 15% VAT.

RYD DESIGN LTD
Railway Station
Rye. E. Sussex TN31.7AB

150W SWITCHMODE PSU. +5V
@ 8.4A; +12V @ 4.8A; +24V @
1.7A; +12V @ 0.2A. Perfect work-
ing order, over £70 in Henries
Radio £29 + Carr. 0245-59027
after 6.00pm. '

TESTEQUIP.

LIQUIDATOR STOCK. TestEquip-
ment, must clear MDS 800, MDS
231, MDS DDR, MDS DDF, IC51C,
ICE 85, Nijo Properties, Charn-
wood House, Quorn, Leics. Tel:
Quorn 415050.

TOP PRICES PAID for surplus
electronic test equipment. Always
a good selection of SIG-GENS,
METERS and SCOPES for sale.
Phone (0438) 353828.

PARAPHYSICS JOURNAL
(Russian transiation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer  software. -S.A.E.
4 x 0”7, Poralab, Downton,
Wiltshire.
=
We use only 1
10% of our
mental
potentials

Einstein

These are the words of Albert Elnstein,
the greatest physicist of recent times.

L.Ron Hubbard's discoveries in the

‘fleld of the mind prove today that Einstein
was right.
In %Is book “DIANETICS: The Modern
Science of Mental Health” L.Ron Hub-
bard takes one more giant step in this
direction.

He reveals how anyone can use his dis-
coveries to isolate the exact barriers that
have so far prevented people from using
thelr mental potentials to the full.

More and more people from all walks
of Ife Including technicians, artists, GPs,
scientists, workers, and mahagers alike
use Dianetics technology today.

The many -written reports on their suc-
cess are the best proot of the quallty of
this book. .

Find our for yourself. Order your copy
of this remarkable book today.

Price .95 paperback £17.50 hard-
back. Make cheques and POs gayable to
SHF. Send to Church of  Scientology
Saint Hill Foundation, FREEPOST (ET1 1)
East Grinstead, Sussex RH18 4ZA (no
stamp required).

| SPECIAL OFFERS

CLEARANCE BARGAIN!
THOUSANDS of components in
stock. Led 7 Segment Display,
Brand new 14 Pin Dil Red .43 inch,
common anode display 0-9 with
right and left decimal point. 9
pieces £1.50(30p each); 10 pieces
£2,50(25p each); 50 pieces£10.00
(20p each); 100 pieces £15.00
(15p each); 1000 pleces £100.00
(10p each). TELEPHONE YOUR
ORDER TO 0296 613816.

F{EE MEMBERSHIP to a new
national electronics club. For
details -and a free gift of com-
ponents worth over £10 send only
£1 P&P to WOODSIDE, DOW-
SETT LANE, RAMSDEN LANE,
ESSEX CM11 1JHL.

27128 250ns Fujitsu, £4. Hitachi
£4.75. 6264 - LP15 £5. All inc
prices. 10+ less 10%, 50+ less
20%. Orders to K. Jones, 31

- Padstow Avenue, Fishermead,

Miiton Keynes.
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13a Station Road
Cullercoats - North Shields
Tyne & Wear - NE30 4PQ

Telephone 091 2514363

e

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
REGULATORS - DISPLAYS - AUDIO & EDGE
CONNECTORS - VERO/PCB’S - INSTRUMENT
CASES & BOXES - POWER AMPLIFIERS &
MODULES - MICROPHONES & STANDS.

WRITE OR PHONE FOR FREE PRICE LIST.

IPMATE

ELECTRONIC ENGINEERS NEED

XTRA HANDS' FOR
3OLDERING GLUEING
AND ASSEMBLING
This essential compact tool comes
complete with 4 croc.clip flexi.arms
to hold components positively and
rapidly with infinite positioning.....
ONLY 66 USEFUL ACCESSORIES....
&0 MAGNET FLEXI-ARM £1.50
ALL PRICES INCLUDE VAT- POST- PKG
ND NOW! CHQ/PO OR SAE DETAILS DIRECT FROM THE MAKERS:

3 TEL:
048 649 344

KEMPLANT LTD (DEPT.2) D
L DURFOLD WOOD.PLAISTOW, BILLINGSHURST, WEST SUSSEX RH'4 OPN

S

JBA ELECTRONICS
Specialists in manufacture and
design of: .
Microprocessor, Telemetry, and
Audio-based systems.

UNIT 9,
BRECON INDUSTRIAL ESTATE,

BRECON, POWYS, S. WALES

Tel: (0874) 2563

DESIGN SERVICES, microp-
rocessor, special interfaces, ana-
logue, digital, signalling, alarm
systems, PCB design and artwork.
Prototype and smail batch pro-
duction. ALAB ELECTRONICS.
Grantham (0476) 860089.

FREE PROTOTYPE of the
finest quality with every P.C.B.
artwork desi?ned by us. Gom-
_petitive hourly rates, and high
standard of work. Halstead
Designs Limited. Tel: haistead
(0787)477408.

P.C.B. DESIGN and Layout.
Manually taped artwork pro-
fessionally produced at competi-
tive prices. James Giedhill.
01-674-8511.

ETi Mosfet P.A. Kit. £51.00 £1.50
Audio Signal Gen.

(.02%) Kit. £28.50 £1.50
Audio Signal Gen.

(.002%) Made £46.00 £2.00
Fixed Freq. Sig/Gen. .

{.002%) £14.00 £0.50
Case and Panel for above £9.50  £0.75

|- Reg. P.S.U. 1.5/35 volts
from £12.80 £0.00

J. Linsley Hood Designs
PP.

£1.00
£0.75
£1.00

£25.00
£12.25
£12.00

Distortion Analyser Kit.
Millivoltmeter Kit.
Case and Panel for above

S.A.E. for tull information.
TELERADIO ELECTRONICS
325, Fore Street, London N9 OPE. Tel: 807 3719

ELECTRONICS ORGAN KEY-
BOARDS. and other parts being
cleared out. Special offer: Elvins
Electronic Musical instruments,
40A Dalston Lane, London E8:

MINIATURE FM TRANSMIT-

-TERS. Frequency 60-145 MHz,

range % mile S.G.F. — P.C.B. All

.components. Full instructions 9-

12v operation, broadcast recep-
tion. Super sensitive microphone.,
Pick-up on FM radio. £6.95 inc; or
ready built'£8.95: Same day des-
atch — Zenith Electronics, 21
tation Rd., Industrial Estate,
Hailsham, E. Sussex BN27 2EW.

TO ADVERTISE IN ETI
RING 01-437-0699

Flanger/Chorus parts

PLANS °'N DESIGNS

re E.T.1. Jan 84

Raverb Springs, Pedal Cases, Dummy Key-
boards, Audioleadsand
cldarance bass effects pedal and many more
Hems.

Sdnd S.A.E. for frae price list to:-

- AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows,
high voltage teslas, van de graph

. survelllance devices, uitrasonics,

SOLAR SOUND LTD pyrotechnics, new solar
Ghme | goneon 0, por, b
0 . S.A.E. Plancentre, :
D3 SOA Old String Works, Bye -Street, FREE BOOKLET
Ledbury HR8 2AA.
_ - on
EEEECTTTE | BURGLARALARMS
, - with ' )
LOWEST U.K. DIY PUBLISHED PRICES
ysep epROM'S ey USED o, COLOUR PHONE OR WRITE FOR YOUR COPY '
i - B oo i Sl
e & ey AD ELECTRONICS
Sopporap. T P By 18 Sowremanes, AINTREE, LIVERROOL LS OHU e
411 .50} } N -
Ansell &BarberLtd‘z

241 TONG ROAD, LEEDS L§124NQ
Tel: (0532) 632131

SECURITY
Alarm Systems

MEMORY STORE REPAIRS

ZX SPECTRUM.Vic20,C64,BBC,
QL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident

THE MEMORY STORE: Eproms,
Rams, Drams, Sarams, now avail-
able at very low prices. Send for-

list to K-Squared Electronics, Enterprises Ltd., 37" Linden
aneeson House, _Sherington, House, Common Road, Langley,
Bucks NK16 ONW. Slough, Berks. Tel: (0753) 48785.

HEATHKIT U.K. Spares and ser-
vice centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewksbury, Glos. Tel: 0684
73127.

INSTRUMENT CASES in struc-
tural foam. Made to order in small
lots. Write to Minnow Plastics, 6
Avonmouth St., London SE14NX.
Tel: 01-407-0910.

FREE COMPREHENSIVE CATALOGUE!
@ LOWEST DISCOUNT PRICES
@ HIGHEST QUALITY EQUIPMENT

CTEC SECURITY, Dept E 1,
Stephens Way, Goose Green,
Wigan WN3 6PH

Telephone {0342 42444)

ETI JANUARY "




SINCLAIR 16K RAMPACKS for
ZX31, £6, including VAT and pos-
tage. Halbar, Unit 1, Bury Walk,
Bedford, Beds. : '

KiA WISH YOU A HAPPY
CHRISTMAS AND NEW YEARI
Santa’'s Sale: 1000 amplifiers &

© glifts . .. Hi-fi stereodecks — 240V

(Woodeffect) £28 . . . Poweramps,
100W/£7 — 200W/£15.. . . Stereo-
amps, 120W (60 + 60) Case &
Controls/£10 . . . KIA - 8, Cunliffe
Road, likley LS299DZ. (FREEGIFT
POST AD + 13p SAE).

100W AMPLIFIER — £9.95 built
or use the same board for 50w,
150W, 200W into 4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full’ details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

~

( LABELITI

PROFESSIONAL QUALITY LABELS AND
BADGES MADE TO ORDER
Low cost = Varlous colours and styles ¢
Engraved by us * Very hard-wearing
waterproof plastic or metal
Fast efficient service
Write to Rob Thomson for FREE details

THOMSON
Electronics
Radio Cc ication Sp K
Basement Office, 5 David Place,
St Helier, Jersey. Tel: 0534-75170

~ 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.

27128 250ns Fujitsu, £4. Hitachi
£4.75. 6264 - LP15 £5. All inc
prices. 10+ less 10%, 50+ less
20%. Orders to K. Jones, 31
Padstow Avenue, Fishermead,
Milton Keynes. )

SERVICES

COMPUTER
ADD-ONS

6809 CPU, 14, 32, & 128K RAM/EPROM
cards. Disk/Real-time Clock, VIA &
bleaper card. Fiex 0/S. All chips, cases,
P/supplies, K/boards, etc from stock,
-build your own 6809 Flex system from
scratch. Sae for details:
RALPH ALLEN ENGINEERING
Forncett End, Norwich NR18 1HT

Tel: 095 389420 SCOPES
RING STUART Repaired & .recalibrated, all
. makes, all models.
ON Scopex Safgan, Older TEK, TQ
01-437-0699 MENDASCOPE LTD
TOFILL Westgrr?:l:t:%'mr:v‘;?d, Olney
- THIS SPACE Tet: Be‘é‘t:ofd (02:4?;?2445

CLASSIFIED ADVERTISEMENT
- ORDER FORM

Rate 45p per wod(mi 15 ords) '

Post to: ETI, 1 Golden Square, London W1A 3RB

ADVERTISERS PLEASE ADD 15% VAT

Pleasie use BLOCK CAPITALS and include post codes.

Classification ... .... e e e e e
Neme (Mr/Mrs/Miss/Ms) ....................o.ooeemmmneninnaanrenniiennnns

{delat: ot
Address...... .W . w" ......................................................
Signature y _

Daytl'mo Tel. No. .......vovneenene.e. et ter ettt et etetetretreereenans

FREE BO

OKLET

on
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

COMPONENTS

RESISTORS — %W carbon film
tolerance. 10 ohms - 10m E12
series. Any mixture of values. 50p
for 40.£1 for £120.£2for 250. Elec-
tronic Metronome ready built inc.
battery £9.95, kit £8.50. VAT and
post free. HUNT ELECTRONICS,

ES R ELECTRONIC

' ¥ COMPONENTS

* Fult range of components

* Speakers and Accessories

¢ Audio Connectors & Switches
* Amplifier Modules and Cases
Free Price List available

P.O. Box 57, Derby DE6 6SN.
13A STATION ROAD .
CULLERCOATS,NORTH SHIELDS

"|. AuRs Components/Farnefl Components avail-

TYNE AND WEAR NE30 4PQ
'091-251 4363 TEKTRONIX OSCILLOSCOPES.
556 dual beam four trace 50MHz
delay sweep £375. 546 dual trace
50MHz delaysweep£175.551dual
RS AND FARNELL beam eight trace 19MHz £185.
COMPONENTS 681A" dual trace 85MHZ £155.

545B dual trace 24MHz delay
sweep £135. Storage oscillo-

able to order. Please write/phone stating re-
quirements to:

r
TRILOGIC, 29 Hoime Lane, Bradford BD4 0QA. SCOpes’ semlcond ucto curve
Tel: 0274-685926. tracers, manuals, plug-ins,
- spaces. Tel. (01) 868 4221.
ALL THE LATEST FASTEST DEVICES NOT TO BE CONFUSED
. WITH SLOWER OLD STOCK OFFERED ELSEWHERE -

DRAM " EPROM
5vNMOS 150ns 5vNMOS 250ns
416464k x 1 £0.90 27162k x 8 £2.95
41256 256k x 1 £3.50 27324k x 8 £4.45
4418 16k x 4 £2.80 27648k x 8 £2.50
50464 64k x 4 £5.90 27128 16k x 8 £3.45

RAM 27256 32k x 8 £6.95
5v CMOS 250ns+ 5v CMOS 250nS
61162k x 8 £1.85 27C64 8k x 8 £8.50
6264 8k'x8 £4.40 27C256 32k x8 £15.00

VERY SPECIAL OFFER 2716 Intel 450nS (Ex-equip.) .
ONLY £1.60 EACH OR £7.50 FOR 5.
LINEAR Each 5 OTHER LINEAR Each 5
BIFETS
TLO72CP 50p £2.10 NE555 20p £0.90
TLO74CN 80p £3.50 LM311P 40p £1.80
TLO82CP 40p £1.80 LM324 40p £1.80
TLOB4CP 85p £3.50 LM348N 45p £2.50
REGULATORS LM358 45p £2.40
(Al TO220 package) SN75154N 95p £4.50
7812 35p £1.60 OPO7CP £€1.20 £5.00
78M12 35p £1.60
LM337 £1.20 £6.50
ORDERS OVER £25 DEDUCT 10% DISCOUNT ADD 15% V.A.T. POST FREE
- ORDERS UNDER £25 ADD 15% V.A.T. PLUS 50p P&P
Lists of other offers processors etc. sent
DESPATCH BY RETURN C.W.0.
MICROKIT LIMITED
MANOR PARK RAUNDS NORTHANTS NN9 6PD

. YAESU FT 757GX

CAT Control Program for BBC Computer. Full control of transceiver, with selectable freq. step rates, 300
memory storage per file. Splitand A/B Vfo selection. In fact all the extrasthat are missing from Yaesu. Thisisa
boon to the SWL it aliows scanning of all your special stations without twiddling the knob. This works with the
Yaesu interface or we can supply one atless than half price. The prog is available on disc at £10 or 16k ROM @
212.006%_0 ‘have thoughts on other programs for Yaesu 9600 and 8800 let us know your Interest regarding
either progs.

Other productsRTTY PC Boards and boxed unitsfor the BBC, Com. 64, Amstrad and many more computers.
Also AMTOR for the BBC. AMTOR timing PC boards now available. Please SAE or ring: Mr. J. Melvin G3 Lv,
2 Salters Ct., Gosforth, Newcastle,. Tyne & Wear NE3 5BH. Tel: 091-284 3028,
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ALY

for your supplies of
world famous
QUALITY
COMPONENTS

. .that there is a real difference at Crickigwood E/ec!ronics..
That'ls why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service
from|the U.K.'s number one 100% component shop. No gimmicks, no gadgets or
computers, just components, millions of them, all easily available by mail order,
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your
FREE copy now {no SAE required). You have_ nothing to lose. . - -
‘ ELECTROVALUE LTD 28 §t. Jude’s Road, Englefield Green, Egham,
GRICKLEWOOD ELECTRONICS LIMITED Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
40 Cricklewood Broadway,-London NW2 3ET | Nortn Branch, s?ge?,‘;ﬁ',?g3&?’}"3'2”",%'}“5'“’5‘” W19 NA
Tel: 01-450 0995/01-452 0161 Please mention this publication when replying
T S ' RITAINS FOREMOST QUALITY CO PP
- - a0 BRITAINS EMOST QUALITY COMPONENT SUPPLIERS
=< — BN ETI ' '
Armon Electronics 50 Micro Processor ENngineering ... 13
Audio Electronics .70 Powertran Cybernetics ‘ IFC
B.K. Electronics a2 RAK Amplifications 50
B.N.R.&E.S. 50 Rapid Electronics ... 8
Cirkit Holdings 8 Riscomp 1
Cricklewood 74  Royal Air Force 35
Display Electronics — S.M.E. : 50
Electromech Industries 10 Stewart of Reading 58
Electrovalue 74 Technical Book Service ..iBC
Greenbank Electronics 58  Technomatic : 14 &15
Happy Memories : 13 T.K. Electronics 58
ICS ...... 23 Universal Semiconductor
Maplin : e OBC Devices 69
’ Watford Electronics 48&5
Wilmslow Audio , 50
74




electronics today international

-BOOK SERVICE-

ELECTRONICS, PROJECTS,
DATA COMMUNICATIONS

REFERENCE

¥

Handbook of Remote Control and Automation Techniques

2nd Edition John Cunningham, Delton Horn

Includes all new material on optoisolators, sensors, motor controllers, and analog
to digital and digital to analog converters.

1984 350 pages 306 illustrations £13.20

Basic Integrated Circuit Theory and Projects Charles Adams
wall explained details of IC manufacture, functions: emphasises hands-on
applications, 20 step-by-step projects.

1984 266 pages 250 illustrations £11.35

Rohotics Anne Cardoza

A well explained and informative look at rebotics from legend and fiction to
factory worker with everyday robotics.

1985 160 pages £10.45

Handbook of Data Communications — 2nd Edition NCC

A comprehensive, and British, introduction to data communications principles and
cancepts. Covers telephony, tr issi itching, pr Is, and network
design.

14982 500 pages £20.50

The First Primer of Microcomputer Telecommunications
Jim Cambron

Aims to help you access data base services, commercial companies and user
group bulletin boards. Contains the hows, whys, and whats.

1984 160 pages 100 illustrations £10.80

Basic Radio Electronics Sam Kelly

A solid intro to radio and radio praject construction. The history from the early
days up to space probe radio communications; explains fundamental radio
electronics laws; details many fascinating projects.

1984 352 pages 300 illustrations £14.10

Making Music with Microprocessors B.A. Paturzo

A hands-on guide to creating and producing electronic music. It's a source of
electronic music circuits, computer experiments, a study of instrument synthesis,
and a complete guide to making a music synthesizer.

1984 294 pages 190 illustrations £11.35

Basic Transistor Course — 2nd Edition Stan Gibilisco

Fundamental concepts and trends in transistors in modern electronic equipment.
Devoted entirely to semiconductors, diodes, and transistors.

1984 288 pages 187 illustrations £12.70

Electronic and Microprocessor-Controlled Security Projects
Vaughn Martin

t'or the experienced kit-builder who wants to really understand and build a home,
office or business security system. Ten security projects, all ‘proven in actual use,
¢an be built using standard, available parts.

1985 228 pages 120 illustrations £14.10

Build a Personal Earth Station for World Wide Satellite
TV Reception — 2nd Edition Rober Traister

Thorough revised and up-to-date. Select, assemble and install your own Earth
Station — capture global television. ’

1985 370 pages 200 illustrations £14.00

Exploring Light, Radio and Sound Energy, with Projects

Calvin Graf

For example, listen to a candle burning, or wing vibrations of a jet flying miles
away. Describes scientific phenomena which can or cannot be seen, which have
or don’t have sound. Follow the project instructions to hear sounds few people
have heard. Simple electronics skills to make antennas, solar cell units,
hydrophones, a rain microphone and much more. to give a unique and fascinating
record of the otherwise commonplace.

. 1985 194 pages 106 illustrations £10.45

Second Book of Easy-to-Build Electronics Projects
Editors of Elementary Electronics

O Encyclopedia of Electronics Stan Gibilisco
A huge, comprehensive encyclopedia of essential electrical and elsctronics
concepts and applications. The result of 4 years of research, it contains over
3000 key topics, each fully illustrated and includes all relevant formulas, charts,
and tables. Provides extensive information on each topic. Complete index and
cross referencing. More than 1300 photographs and illustrations.
1985 983 pages . Hardback  £43.95

O The lllustrated Dictionary of Electronics — 3rd Edition
Rufus Turner, Stan Gibilisco
27000 electronics definitions, acronyms, abbreviations. A classic reference guide.
“Anyone in any way associated with the electronics field, whether beginning
habbyist, experienced amateur, or professional, will find this book invaluable.”
Radio Electronics Magazine
1985 595 pages 415 illustrations £20.40

O The Encyclopedia of Electronic Circuits Rudolf Graf
Nearly 1300 useful and versatile circuit designs, alphabetically arranged in 98
basic circuit categories. Ideas and answers for project builders; quick reference
for professionals for answers to specific design problems.
1985 760 pages 1762 illustrations £27.65

O Master Handbook of Electronic Tables and Formulas —
4th Edition Martin Clifford
Provides instant answers for professionals and hobbyists alike.
1984 392 pages 248 illystrations £13.20

MICROCOMPUTERS

O interfacing Your Computer To Virtually Anything Joseph Carr
Contains invaluable design data and covers a wide range of IC devices. An ideas
book with many projects.

1984 336 pages 224 illustrations £13.20

O Disk Basic for Microcomputers Michael Chadwick, John Hannah
Explains the principles of using disks and applies them via example programs in
Microsoft, Applesoft, Commodore and BBC. Use this book to liberate your micro.
1984 143 pages £8.50 -

O The Micro Cloak and Dagger Book Gareth Greenwood
Experiment directly with codes and ciphers to send and decode secret messages;
an introduction to cryptology for anyone who revels in puzzles. Programs written
in Sinclair Basic. .
1984 173 pages £1.95

[ Build Your Own Expert System Chris Naylor :
Artificial intelligence for the aspiring microcomputer. With listings for Apple |l and
Sinclair Spectrum. “This is an excellent book on a forbidding subject. Even if you
don’t build an expert system from it, your money won't have been wasted.”

Personal Computer News
1983 258 pages £1.95

O Expert Systems and Micros Geoff Simons
Explores the proliferation of expert systems and associated software with
particular attention to microcomputer trends. Explores implications of micro-based
expert systems.
1985 247 pages £11.50

Please send me the books indicated. ) \
i enclose chequefpostal order for £

Prices include postage and packing.

| wish to pay by Access/Barciaycard. Please debit my account. TTI LT T T 1111

signed

name

address

few project ideas for completion in a few hours using low cost p ts
Complete with parts list and circuit layouts.
1984 192 pages £13.75
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'he new Maplin catalogue for 1986 is a real adventureland for the
lectronics enthusiast. With hundreds of new lines and details of Maplin's
ew low low prices, it's the one event in the electronics year that no-one
should miss. Packed with data and information on all the latest electronic
products. Pick up a copy from any branch of W.H. Smith forjust£1.45,
Ilternatively you can order your copy by post for just £1.85. For overseas
customers the prices are as follows: Europe surface mail £2.50; Europe
*ajr mail £3.75. Qutside Europe surface mail £2.50; Outside Europe air
ail depending on distance £4.25/£5.50/£6.25. For surface mail
ywhere in the world you may send eleven International Reply Coupons
r payment in full. ' .

-—-,——-—n—————_————.——._——-‘

Post this coupon now for your copy of the 1986 catalogue.
Price £1.45 + 40p postand packing. If you live outside the U.K.
send £2.50 or 11 international Reply Coupons. | enclose £1.85.

MAPLIN ELECTRONIC SUPPLIES LTD. )
Mail Order: P.0. Box 3, Rayleigh, Essex S36 8LR. Tel: Southend (0702) 552911
SHOPS .

*_ ® BIRMINGHAM Lynton Sqdare, Perry Barr, Tel: 021-356 7292.

© LONDON 159-161 King Street, Hammsrsmith, W. Tel: 01-748 0926,
® MANCHESTER 8 Oxford Road, Tél: 061-236 0281.

® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. -
® SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 .
Shops closed all day Monday. . ‘






