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You should see Ambit's new Autumn Catalogue...
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Another milestone in
component supply...
If you’ve been wondering
Just what’s been going on
at Ambit lately, we are
now taking the wraps off
the most advanced and
tmaginative concept in
component, tool, and
information distribution
since we launched
WRE&E last year.

We have included new
items and information to
plug a few gaps, and we
are just starting to
implement a new
interactive computerised
system of service and
information that
simply cannot be
overlooked by anyone
interested tn the
communications,
electronics, video and
computing business.
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128 Pages of the broadest component range in the business

24 HOURS A DAY, 7 DAYS A WEEK

AUTUMN ’82 \J[RC2E 70p

AT YOUR NEWSAGENT - OR DIRECT FROM
AMBIT INTERNATIONAL BRENTWOOD ESSEX CM14 4SG

Telephone (0277)2309089, telex 395194 AMBITG, data RS232/300 baud (0277)230959*

* Dial (0277)230959, hook in your low cost modem and terminal (most personal computers
can be configured to access REWTEL, details are being published in R&EW over the next
few months) and REWTEL will give you access to up to 5000 pages of background to the
WR&E catalogue, equivalents, news, updates, hot off-the-press product news, information,
jobs being advertised in the industry. It's computing at its most versatile and worthwhile:
why be satisfied with a 64K MCU, when you can gain free access to the 70MByte + of the

REWTEL computer ??
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Ersin Multicore Multicore Solder Wick

Ersin Multicore, solder contains 5 cores of non- Multicore Solder Wick, absorbs solder instantly from
corrosive flux, instantly cleaning heavily oxidised tags and printed. circuits with the use of a 40 to 50
surfaces. No extra flux is required. watt soldering iron.
Comes in handy dispensers and tool box reels in two Quick and easy to use, desolders in seconds.
different alloys 40/60 tin/lead for general purpose
electrical soldering and 60/40 tin/lead ideal for Size AB10 Solder Wick
small components and fine wire soldering. £1.43 Per pack g _,“ ]
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Size 3 40/60 tin/lead
£4.37 Per reel 16mmas

Size 10 60/40 tin/lead
£4.37 Per reel 0.71mmda

Size PC115 60/40 tin/lead Multicore Tip Kleen
£1.38 Handy pack o.zsmm e Size 19A 60/40 tin/lead’ Multicore Tip Kleen, soldering iron tip wiping pad.

Multicore Savbit £1.15 Handy pack 122 o blaces wet sponges.

Multicore Savbit, solder increases the life of your
soldering bit by 10 times, for better soldering
efficiency and economy.

Comes in two handy dispensers and tool box reels. Size 2 Tip Kleen
£0.92 Per pack

Size 12 Savbit
£4.37 Per reel 1.2mmdn

Bib Wire strippers and cutters
Wire strippers and cutters, with precision ground
and hardened steel jaws. Adjustable to most

Size 5 Savbit A .
£1.15 Per pack 1.2oma Size SV130 Saubit wlire sizes. Wl:ih handle locking-catch and easy-grip
, astic covered handles.
Multicore Alu-Sol £1.73 Per pack oouma P

Multicore Alu-Sol. solder contains 4 cores of flux,
suitable for most metals especially aluminium.
Comes in handy dispensers on tool box reels.

Size AL150 Alu-Sol
£2.07 Per pack 0smmdi

Size 9 Wire Strippers
£2.69 Per pair

[t e
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4 CORE SOLDER /

-Size 4 Alu-Sol
£7.82 Per reel 16mmas

Bib Audio/Video Products Limited
(Solder Division), Kelsey House,

All prices inclusive of VAT.

Available from most electrical and DIYs stores. If 370(;? Ldar;le Enﬁpl-zlez{nRe | Hempstead,
you have difficulty in obtaining any of these products [ rOPCSTiTS, Q.

send direct with 50p for postage and packing. For Telephone: (0442) 61291

free colour brochure send S.A.E. Telex 826437
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WELCOME. P&P ADD 50p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE o1 KO e k73
AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. 48 | 18155 30 | 70 2‘3?
48 | 15157 7 190 140
All prices exclusive of VAT, Please add 15% VAT to the total cost incl. P&P ' 7414 20 74187 150 | LS158 0 95 s
We stock thousands more iems. It pays to visit us. We are situated behind Watford Footbal Ground. 7416 20 74170 125 | LS160 2 200 210
Nearest underground/BR Station: Watford High Sueet. Open Monday to Saturday: 9am to 6pm ‘ 7417 20| 74172 250 | 15161 ” 375 | 16
. 1} 7a20 15 74173 54 | Ls162 ” 150 4
PDLYESTER CAPACITORS: Axiol Load Type ig2] | e B i 4 o =
2 1nF, 1n5, 2n2, 33, 4n7, 6n8 11p; 10n, 15n, 18n, 22n 12p; 33n, 47n, 68n 16p; . 7422 2 Ls164 4 0 398
30p; 330n 42p; 470n 62p; 680n 60p: 1,F 68p: 2,2 82p; 47 as:, 68n 16p; 100n, 150n 20p; 220n 7426 jaf 74176 40 | LS165 50 % 410
160V: 10nF, 12n, 1000 1p; 150n, 220n 17p; 330n, 470n 30p: 680n, 38p; 14F 42p; 1,5 46p; 2,2 48p 7426 18] 24177 45 | LS166 52 160 20
1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n 48p; 100n S0p: 470n 9p. ’ 2477 11 B A | =3 12
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5 750
POLYESTER RADIAL LEAD CAPACITORS: 250V: 5233 ‘z; 74182 60 gt;g 2 ICL7107 975 ::3
10nF, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p: 150n, 220n 10p.) | SLTRASONIC TRANSDUCERS | 7433 2274184 %0 | LS181 % 50 | ICLB038CC 300 480
330n, 470n 13p; 6B0n 19p; 1aF Z3p; Tub 40p; 2u2 4bp: 447 60p. | 40kHz XBp/pr 7437 25 | 74185 % | LS190 36 60 | ICM7204 660 150
ELECTROLYTIC CAPACITORS: (V. 7438 2 ;j}gg gg Lgm % 1g ICM7216A 1960 &
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8p: 33 9p: 47 8p: 100 1p; 150 12p; 220, 150; 330 Z2p; 470 25p; 680, 1000, 34p: 2200, 50p: 3300, 76p; 4700 | 7442 £ ot S EED . 2 = 325
92p; 18V: 40, 47, 100 9p; 125, 12p; 220 13p; 470, 20p; 680 34p; 1000 Z7p; 1500, 31p: 2200 36p; 3300 T4p; 7443 90| 74193 & | Ls1ss 35 20 20 486
TAG-LND CAPACITORS ' : - Taas ] ot % |tz % ks o %
- : B4V: 2200 139p; 3300 188p; 4700 245p; 6OV: 2200 110p; : 40V: 7445 55 Ls221 56 75 440 %0
190p; 25V: 3200 80p; 3300, 4000 4700 98p; 10,000 20 15.000 S4bn: 150 225000 %gg;ﬂo. 4OV:4700 | 2446 s 74196 4 | Ls240 5% 10 300 %0
i J 7447 36| 74197 46 | 15241 66 s 340 420
TANTALUM BEAD CAPACITORS 7448 | 74198 el % - =6 40
: 0.14F, 0.22, 0.33 15p; 0.47, 0.68, SILVER MICA (Values in pF 7450 16 iy 2 120
1.04F. 15 16p; 2.2, 3.3 18p; 4.7, 6.8 | S{PCTRONICS 2,33, 4., s.a,(s.z, 10, ?5,' 18,22, | 7451 16fdagl 4 lLsa2sy k) 9 48 30
2p; 104F 28p: 16V:2.2,3.316p: 4.74F. | ED: with Ciips 27,33, 39, 47, 50, 56, 68, 75,82, 85, | 7453 181 74LS ! o 18 & =
o e 1| 100,120, 780, 1860F iBpeach | 7454 ] (500 nIeMOS ] k] -4 150
10 18p; 15, 36p; 22 3p; 33, 47 40p; 100 { | 71517 Grn 14 | 200; 220, 250, 270, 300, 330, 360, | 7480 181 'so1 1 > iy
T5p; 220 88p; 10V: 15,22 26p: 33, 47 || 1592 ver 8| 390,470,600,800,820 ~ 2lpeach | 7470 o] (302 1 § 4000 10 = T ol
p: 100 56p; 8V: 100 42p. UsAeay 12| 1000,1200,1800,5200  Mpesch | 7472 24 1503 12 | 4001 10 .3 e & 150
POTENTIOMETERS: Rotary, Carbon, | -2° YellorGrn 3300, 4700pF 80p each ; s ;‘, LS04 121 4006 50 790 | LM30TA 24 ‘;g
Track. 0.25W Log & 0.8W Lin. Square LEDs 14 7475 25 LSOS 13 1 4007 " 480 | LM308 % 290
5000, 1KQ & 2K (Linear onlyl Single [ Bi-ColourR/G  BBf—0———— —1 7476 2] LS08 12 | 4008 2 280 | LM311 70 80
Gang Wp 8i-Colour G/Y 75x RESISTORS — Carbon Film Migh 7480 © LS09 12 § 4009 2 770 | LM318 150 9%
5K2-2MQSingle Gang 30p Tri-colour R/G/Y 86'| Stability. Low  Noise. Miniature 7481 120 Ls10 13 | 4010 24 770 | LM319 215 80
5X0-2MQ Single Gang D/P Switch  78p [ OCP71 120 [ Tolerance 6%. 7482 asf L311 1314011 10 860 | LM324 30 120
5K0-2MQ Double Gang ggp | ORP12 7 RANGE VAL 149 100- | 7,8% o] Ls12 12 | 3012 18 999 | LM339 a7 290
IN5777 4l + | 7484 o 2 {4013 20 30 | tmass 64
SLIDER POTENTIOMETERS L0271 ) W 224M7 E24 2 1p 71 Ls1a 2 | 4014 30 fLM343 115 s
0-26W log and finear values 60mm SFH205 9 3w 2@am?r €12 2 1p | 1385 90f (520 13 | 038 i o0 |LmMis 60 5
B5K0-500K0 single gang 70| TIL32 s2] 1w  202-10M €12 Bp ap | 7486 20 52 1] 8 o o |l s 15
10KQ-500K$! dual gang 10p ! T8 s4i| 2% Motal Fim 100-1M 6p  dp | 7483 700 522 13} 2 2 |LM379 am =2
Self Stick Graduated Bezel 0p .| Ti38 &) 1% Metal FImS10-1M 85 6p | 7430 2 1s26 ] pross i 0 | Lm380 pes ]
MYLAR FILM CAPACITORS DN o e S R e © " | 7452 Al 122010 % ® lm3a1 146 40
100V: T, 2, 4, 4n, 10 6pi 16nF, 220, | Tioogr mea g - 7493 =] 530 12 | 020 e Bitne: s o
30n, 40, 47 Ip; 56, 100, 200 9pi.| i 322 5GC 115 CERAMIC CAPACITORS 50V: 0-6pF | 7493 S et 13 f 2021 40 % | Lm3s4 120 24
470n/50V: 12p. pl AL X to 10nF 4p; 22n to 47n 5p. 100n 7p. 7495 E s 13 ] <022 % 3 | LM386 ®
g 704 3CCth 99 J 7496 » L533 4 £ 4023 13 130 [ LM387 120 100
MINIATURE TYPE TRIMMERS DL707 3CA -~ 8 GAS & SMOKE DETECTORS 7497 sof 1337 18 | 2022 2 46 | LM389 24
2-6pF, 2-100F, 2-25pF, 6-56pF 30p. SScenCh 10 Tessi2orTGSEI3  Tp | 74100 [ (510 1 | 4928 a2 . %
COMPRESSION TRIMMERS ¥{ FND357 120 ACCESS ORDERS e o] Lsaz 2 | 405 % LM733 %
74106 55 4027 20 1 70 90
3-40pF; 10-80pF 20p; 20-250pF 28p; FND500 0 Just phone your order through 74107 20f LS47 % 1 4028 39 S LM1458 0 17
100-580pF 38p; 400-1250pF 48p. 1| MAN3640 175 and we do the rest 74108 x| L548 46 § 4029 4 | 211402 %5 | {M2917 1% 176
10 Seg Bargraph 226 74110 %] LS55 14 | 4030 15 | 2708 225 .| LM3302 by 120
GRESEPOTESOMEIERS DRI T s BBC MICRO 74111 s 1353 120 | 4031 125 | 218 25 ((m3900 60 300
solator . x 4
0.1W 50 M-5 MOMiniature 70 | Wre 46 Upgrade kit now available 2 iniiisz 1 | 3032 - ineeec) 25 |hoay  1m Z
0.25W 100 M-3.3 M{ horiz. 10p ILD74 99 16-K RAM (8 x 4816 AP} 74118 50 LS75 2 4034 140 6116 390 | (M3914 200 20
0.25W 200 M-4.7 MQ vert. 10p £18.00 s | Ls76 18 { 4035 v | 6502 35 [(m3916 200 -
- s 0] sea 36 | 3030 27 16522 20 ((M3916 250 %0
VOLTAGE REGULATORS SWITCHES 74121 =) L3858 2 4 4037 s | 6800 25 |1s7220 7m0 %0
1A TO3 +ve ve e SUIDE: 240V 74122 [ LS8 16 4038 410 | 709C8pn 3% [MC1303 88 75
5V 7805 145p 7905 2209 TOGGLE: 2A/250V pRInE 12 5 | 74133 2] cse0 24 fl 4030 200 |73 % |MCi304p 280 80
12v 7812 145p 7912 220p SPSTStandard 2 laapeor 13 | 74126 =| L8592 2 |l 4030 40 | 7418pin 14 [mC1310 150 12
15V 7816 145p SUB-M::J"TZ;GGLE A DPOT 1, | 70128 * tggg 3 | 4041 a0 | 747C 6 |MC1455 150 345
18V 7818 145p 1A 0P c/oft 74132 2 40 {4042 ap || 748 % |MCl458 35 300
SPST On/off 54 o 15 24135 0 LS96 40 | 4043 a0 | 783 185 | MC1469 300 590
1A T0220 Plastic Casing SPDT {c/over} 60 741 LS107 W | 4048 40 (810 159 | MC1488 40
5V 7806 40p 7095 45p DPDT6tegs 75  PUSH BUTTON. e A1 5100 | [P 81LS96 80 |MC1489 55 Ho
12v 7812 aop 7912 asp DPDT ¢/o 8  Push-Make 15 1| 74143 %1 S92 z |4 1% [sitssse 80 |mciass 350 o
15V 7815 aop 7915 4sp DPDTBiased 145  Push-Break 1 | 2N iEllisin 16 | 40aS 5 |81s97  ® fmcrase 7o &4
18y 7818 40p 7918 45p / ROCKER: SPST on/oH 10A/250V 28 | 74145 sof L3114 2 | 4048 a0 | 9400C) 360 |mCi596 225 e
2av 7824 40p 7924 45p ROCKER: DPDT 10A/250V 7 | 74147 e L5122 36 | 4049 % MC1648 290
A — :ggr:‘o\(:n: DPST ILLUMINATED 86 | SA15123 3 -- 9
m, lastic Casing Y: (Adjustable Stop) 1 /2 10 12 way:
sV T8Los % 79105 60p ’ S e2 o e e 0 & e 4 s, | TRANSISTORS LA BEEEE T 12Ame, ey dneaes S
sy 7Le & = 3way % | acizs % | 8c3078 14 | BSX20 20 |TIP36C 120 |2n2220a 23| oneorr B
ac126/7 31 8c328 % | BSY6S 3 |TIPA1A 50 {2N2222 2
12V 78L12 30p 79L12 60p ZX81 25A636 250
15V 78L15 30p 79015 60p AC128 2 | BC338 15 | 8Svs6Aa 25 | TIPa18 2N2369A 18 { 29671 280
: 16K RAM Pack, Fully built & tested. ACla1/2 30 | 8CA41 34 | BUI0S 179 | TIP42A 55 | 2n2476 50 | 2SA715 60
CA3085 %p LM3Y7P 99p TBA6258 75p Plugs straight on to your ZX81 AC176/87 30 | 8C461 34 | 8U205 190 | TIP42B 68 | 2N2483 27 | 25c495 E
(M300H 170p  LM323K 500p  5poaldts o0 Only £17.95 € AC188 3 | 8C477 w | Bu2s 200 [ TIPI20 70 |2n2497 63 | 530498 1o
LM305H 1a0p LM337 17 ggliod'c 120 y £17.. ACY17/18 70 [ BC516/7 40 | E113 45 |TIP121/2 73 [7N2648 45 | 25Ci081 250
LM309K  13p  LM723 Be  7e12 ey . 1 ACY20/t 75 | BC547/8 12 | E176 50 | TIP14t 106 | 5N2894 0 | 25¢1006 ‘8
LM317K  30p  TAABS0  S0p  j3uck  ssop We stock a wide selection of ACY22 60 | BC549 14 | E421 250 | TIP142 106 | 2N2904 28 | 25C1173 1%
DL S_OCKE—TS 79HG T85p Computer ICs, Printers, Floppy Disc AD140 120 | BC556/7 16 | MJ2955 70 | TIP147 120 | 2N290BA 26 | 2SC1306 100
§ Drives, BBC Micro upgrade Kits AD149 79 | BC558/9 15 | MJE340 54 [TIP2955 60 | 2N2806/7 28 | 25C1307 150
Low Wire & ;s 0 AD161/2 42 | BCY70 16 | MJE370 100 | TIP3065 60 | 2N2926G 10
PROTO DEC Micro peripherals, Books AF116 60 | BCY71 18 | MIEB71 100 | TISa3 2 |on3053 28 sacresy s
Euroboard & etc. at very competitive prices. AFiSs w0 faCvi2 2 | Migzon % | TiSas % [3Nses s 2% =
I ~ 75,| BD131/2 48 | MJUE2955 70 [TIS8BA 50
Bimboard | s0 | DIODES || ZENERS SCRs AF180/6  70'[ BD13: 60 | MJE30S5 70 | TIS90 30|20 & o) B
Veroblock 375 | BY128 12 Range 2V7 10 THYRIS- | AF239 55 | 8D135 45 | MPF102 40 | TIS91 22 | 283133 45 | 25€1969 140
ATt 39V 400mwW BC107/8 10 | 8D136/7 40 | MPF103 30 [VK1010 80 |2N3135 30 | 55C2028 86
Bl speech | TORS BC1088 12 [ BD138/8 40 | MPF104 30 | VNTOK 56 | 2N3252 % | 53c2029 210
Stocyapl Range 3V3 to 547400V 40 §BC108C 12 | BD140 & | MPF105 30 | VN4BAF 78 | 2N3a42 140 | 23C2078 170
i e e nsl 33V 1.3W 5A/600v 48 J BC109 10 | BD695A 125 | MPF106 40 | VN6BAF 80 | 2n3s568 25 | 25C2091 8
40pin  30p 99  f CompletaKit: 5peach |8A/300v 60 [BCI0SB 12 [ BDEZEA 125 | MPSAD5/6 25 [ VNBBAF 94 | 2N3663 16 | 25C2314 86
8A/600V 96 | BCI0SC 12 | BDY17 1% | MPSA12 30 |zZTx107/8 11 | 3N3702/3 10 | 2502166 166
DENCO COILS RFC5 chokes NOISE 124/100v 78 | BC117/8 20 | BDY60 160 | MPSAS5 30 |ZFX109 12 | 2N3704/5 10 | 23C1679 180
B R a0p . : 1247400V 96 | BC119 38 [8DY6! 160 | MPSAS6 30 [ZTX300 13 | ZN3z06/7 10 | 3Nies . 112
Range 1 10 5 BL., ECTISHHD iode 96p } 124/800v 188 | BC137 40 | BF115 % | MPSUO6 66 | ZTX301/2 16 | 2n3708/9 10 | 3N140 12
RD, TIWht. 1229 2 | BF167 2 | MASUS6 60 |ZTX303 2 | 2N3710/11 10 | 40311 &
RoARE 1 160p " BRIDGE 9 [ aF173 Z7 | 0C35 15 [ZTx304 17 | 2n3713 140 ] 40313 130
o o 13;14;15; 16; 17 9 | BF177 = | 0C36 120 |ZD318 B | N3 178 | 40316 =
1.5Green  150p 120p ' RECTIFIERS 27 | 8F178 30 | 0C41/2 75 | 2ZTx326 0 | 2N3772 196 | 40317 80
T type 1 0 5, BI, 18/1.6 15 1A/50V 18 30 Bk 3 044 T ZD341 30 | oN3773 210 140324 100
Rd, Wht. ¥l 150 Tas =4 ey > 1 | BFi18o 3 | 0C48/70 40 500 14 | 2N3s1e 22 | 40326 =
A haqsoy & 45 | BF194/5 12 | OC71/2 40 | ZTX601/2 15 | 2N3s20 38 | 40327 7
E ToC1 124p Aoy s 10 | BF196/7 12 | 0C76 50 3 18 |2N3822/3 5 | 20347 &
- p MWSFR  122p TRVeov i 10 | 8F198 18 | 0C81/2 50 [ZTX504 25 | 2N3s66 90 | 40348 120
2 g - MW/LW SFR 1 ! 10 | 8F200 2 w |ze ® 4
: B4p 2A/200v c 15 | BF224A 2 5o ||7TXE0 -~ 75)1| aend/4 ERji4c3s0 @
VEROBOARD COPPER A o0y =t 43 | 1 | BF244 2 32 |2N526 CAlE - | phEa
0.17 Pitch clad plain § CLAD BOARDS 6A/100V & o 16 | BF256 ® 22| oSS 20 | 2n4058 10 | 40408 b
2} x 33" 8p - [l e 6A/400V % o e || G200 ] 15|12 2 | 2Nd061/2 10 {40411 286
1 fhred ol S 60 10 | 8F259 ES % | 2N698 0 | 2N4069 45 | 40412 %
2y x 5" 9lp - x6" o | OOy »a| BAs00V BCBI3/L 10| BF594/5 40 77 |2N699 48 | 2nagss 78 | a0as7 12
3 x31° 9 - 6 x 12 150p | 1oAI200Y 2B Basoov 115 |BC184 10 | BFR39/40 23 38 |2n708 19 | 2Nag71 % | 40468 s
3 x5 1ep @p J0A/e00v  ZaiizAtoov s |BCisdL 10 [ BFRél/79 273 7 |2N918 % | 2N5135/6 20 [ 40594 106
3 x 177 380 STRIETP. | 12A400V & {BC186/7 26 | BFR80/81 26 38 12N930 20 | 2N5138 18
p 232p 25A/600V 3% 15 40595 10
e BT e 12A800V 13 |8€212 10 spxas 28 2 |2n961 &% | 2N8179 45
P - P 8164 %1 16a100v 103 [BC212L 101 B X "
B VMI8 50 FX81 45 66 {2N1132/2 24 | 2N5180 45 140673 7
Pktof 100 pins  50p ‘ 16A500V 115 | BC213 10 | BFx8s 28 78 12N1304 65 | 2NB191 7
Spot face cutter  135p Ferric Chloride 1254 800V BC213L 10 | BFXx85/6 2 74 | 2N1306 60 | 2N5305 24
Pininsertiontool  178p 1ib Anhydr, 195p 55 . 25A 1000V 480 || BC214 10 | BFX87/8 28 88 #2N1306/7 65 | 2N5457/8 30
agazines. T28000D 120  BC214L 10 | BFY50/1 23 110 12N16718 120 | 2n5459 30
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Directory Update

The response to our Directory Of Elec-
tronic Component and Hardware Sup-
pliers has been tremendous, from both
readers and the suppliers themselves.
The reaction has been particularly strong
from those suppliers who, for one reason
or another, were either not included in
our listings — or those whose ad-
dress/telephone number got scrambled.

Naturally, they will all be listed (cor-
rectly) in our next Directory, here are
some more companies operating on the
supply side of our hobby . . .

A.P.T. Radar Systems Limited,
Cybervox Language Laboratory
Division,

Unit B, Sprint Industrial Estate, Chertsey
Road, Byfleet, Surrey KT14 7LA. Tel.
09323 41331.

Specialists in the manufacture of tape
recorders and related components
together with headsets and spares.
Candis Electronics Ltd.

Highdown Works, Highdown Avenue,
Worthing, West Sussex BN13 1PU. Tel.
0903 690750.

Specialists in temperature sensing com-
ponents of all kinds.

Electronic Hobbies Ltd.,

17 Roxwell Road, Cheimsford, Essex
CM1 2LY.

The correct telephone number is 0245
62149.

Garland Bros. Ltd.,

Chesham House, Deptford Broadway,
London SE8 4QN. Tel. 01 692 4412.
"We are an established retail firm (20
years) dealing in electronic components,
audio equipment, in-car entertainment,
and we also do a very large range of CB
equipment. A repair service for audio and
CBis also available’’.

Garland Bros. carry all the lines men-
tioned in the charts, but do not operate a
mail order service.

Roadrunner Electronic Products,

116 Blackdown Rural Industries, Haste
Hill, Haslemere, Surrey GU27 3AY. Tel.
0428 53850. i

'""Developed and manufactured in
Hazlemere, our most well-known pro-
duct is the Roadrunner prototype wiring
system. This British product is already
used extensively in industry and educa-
tional establishments, and is also ideal
for the 'home engineer’.

Our hardware products range from
packs of terminal pins to 19" subracks.
We also handle computer and word-
processing products, from typewriter
ribbons through to microcomputer
systems.

With a combination of the right pro-
duct, a competitive pricing structure and
excellent service, we make customer
satisfaction our priority'’.

Roadrunner are moving to new, larger
premises in Haslemere, with the inten-
tion of improving overall service to the
professional and hobby markets. Orders
using Access or Barclaycard are
welcomed, either by phone or letter.
There is no minimum order level,
although a 50p handling charge is made
on orders under £5. Carriage and pack-

6

ing charges are 5% of the total order
before VAT is added.

TK Electronics,

11 Boston Road, London W7 3SJ.

The middle two numbers of TK's ‘‘easy
to remember’’ telephone number were
inadvertently transposed, rendering it
‘not so easy’. The number should be, of
course, 5-6-7-8-9-10.

The Vintage Wireless Company,

64 Broad Street, Staple Hill, Bristol
BS16 5NL. Tel. 0272 565472.

‘‘We are major stockists of obsblete
electronic components, especially
valves, and operate on a mail order
business as well as personal calls to our
premises. We try and offer a personal
service, and also have a huge library of
service data’’.

The range of services offered include:
Sale of radio and television receivers,
1914 to 1954.

Sale of spare parts for the above.

Sale of radio, television and industrial
valves.

Sale of service data, technical informa-
tion, sales data, historical and other
items of interest in vintage radioand TV.
Restoration and overhaul (but not basic
repairs of vintage equipment) of valve
domestic and automobile radio of all
types.

Sale of new and used books on the sub-
ject, plus second hand magazines, often
dating back to the First World War!

Hire of radios and related props for
theatrical purposes.

Sale of restored radios, with guarantee.
Sale of restored vintage car radios.

The full range of stock and vintage
radio news can be found in The Antique
Wireless Newsheet, published by the
company from the above address — con-
tact them directly for subscription rates.

Credit card sales are offered via Ac-
cess and Barclaycard, and credit card
orders are accepted by ‘phone.

Flash Point Alarm

As if by magic, we have hadreplies to our
request for suppliers of the difficult bits
for this project.

First, the ICL7611 CMOS ICis readily
available from Rapid Electronics, Hill
Farm Industrial Estate, Boxted, Col-
chester, Essex CO4 5RD. The telephone
number is 0206 36412,

The other tricky item was the thar-
mocouple, without which the project
had very little point; the exact ther
mocouple required is stocked in vast
lengths by Candis Electronics Ltd..
Highdown Works, Highdown Avenue,
Worthing, West Sussex BN13 1PU. Tel.
0903 690750. Candis are specialists in
the design and manufacture of
temperature sensing equipment, and
they carry a large stock of all kinds of
thermal devices.

Add-Ons For The ZX
Computers

Thurnall Electronics have produced a
range of accessories for Sinclair’'s ZX 80
and 81 computers, with an adaptor
system to fit the ZX Spectrum.

The range is based on a 16-line I/O
port, and the modular system allows dif-
ferent add-ons to be used simultane-
ously via an inexpensive motherboard.

Thurnall recommend their system as
.. .an ideal way of learning about in-
putting and outputtinginformation. . .’
from the computers. An analogue-to-
digital converter and an RS232 interface
are also promised. For details contact
Thurnall Electronics, 95 Liverpool Rd.,
Cadishead, Manchester M30 5BG. A
catalogue is available — butsend an SAE
with your enquiry.
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A Little Luxury

More advance builders, especially of
radio equipment, may find Centemp In-
strument’'s hand-held digital
capacitance meter useful, provided they

can spare £69. The little MT-301 is.

small and robust and designed to travel.
It comes complete with battery, alligator
test clips, spare fuse and instructions —
all ready to go. Abold %z -inch, 3% digitli-
quid crystal reads out from Op1 to 200u
across eight separate ranges; the con-
trols are all push buttons for easy one-
hand operation.

This is a slightly unusual piece of
equipment, so anybody who feels the
need of a digital capacitance meter could
do worse than to start enquiring here. In-
cidentally, for the really rough rider,
there’s an optional ‘‘deluxe protective
case’’ (fur-lined??) for an extra £6.00.
Details from Centemp Instrument Co.,
62 Curtis Rd., Hounslow, Middx. Tel.
(01) 894 2723.

Hiding His Lights

Our apologies to Dr. D.L.H. Blomfield,
who designed the Three-Aspect Signal
Lights Controller project which appeared
in our September '82 issue.

Dr. Blomfield has certainly earned our
collective congratulations for his excep-
tional design, which has attracted high
praise from several model rail en-
thusiasts.
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We generally credit our designers —
where would we be without them — but
due to an oversight in this case, Dr.
Blomfield’s name was omitted from the
article.

Full Protection, But No Racket

Radio buffs going mobile should take a
look at a low-noise 24 to 12 volt
switched-mode voltage converter gives
an output of 13.6V (, 0.2V) at 6A con-
tinuous current, has a low noise rating of
2 mV RMS below 1 MHz and 1 mV RMS
above 1 MHZ, and is fully protected and
operable up to 50°C.

The 6A version is priced at £39.95
and is supplied with M4 bolts for
bulkhead mounting if required. The unit
is also available in a 10A version. For fur-
ther information contact Davtrend Ltd.,
89 Kimbolton Rd., Portsmouth, Hants
PO3 6DA.

And we’d better add that the unit is
sold in a proper case, and not open to the
air as our picture shows itl

MONITOR

Little Boxes

Things for putting other things in may
not provide the total answer to how to
run an orderly workshop, but they cer-
tainly do help, so $SI Fix Equipment have
come up with a new system of compo-
nent storage modules known as Portafix

Each Portafix unit (sounds like
something out of Asterix the Gaul,
doesn’tit?) has 12 bin-shaped drawers,
each 2 x 4 x 3” deep. The overall size is
14 x 14 x 4", with a tray area on top, in-
tegral carrying handle and (an unusual
feature) optional hooks, for carrying
tools, at either end of the unit.

The whole thing seems to be design-
ed for absolute minimum spillability and,
for travelling, this principle can be taken
even further — any two units can be
hinged together face to face and secure-
ly locked shut — no more drawers sliding
out every time the car tilts! Each little bin
has a transparent dust-cover which
opens upwards and the modules
themselves can be stacked.

A very handy bit of storage equip-
ment for any kind of craft which uses
small components, from cake-
decorating to woodworking to. . . well,
electronics. At £7.40 for a single unit
and £14.80 for a double (hinged) unit,
this could knock a few of your Christmas
present problems on the head!

At the moment Portafix 6 is only
available from SSI Fix Equipment Ltd., K-
ingsclere Rd., Basingstoke, Hants RG2 1
2UJ, and prices don’t include postage
and packing,.so you will have to enquire
about that: telephone 0256 26511.




*Rapid

YElectronics

2114L-2 75 280ACPU 290 B1LS96 85
MICRO [Pyt 205 280API0 260 B1LS9? 85
2532 340 280A CTC 260 1488 55
BEST 27132 340 280A S10 900 1489 55
PRICES 4116 P20 70 2Z80A BMA 1150 Epson Printers and D
6116-P3150nS 365 ZB80A DART 500 Connectors now avail-
ANYWHERE! 4154 440 811LS95 85 able at low low prices.

OFFERS

2060 4A 400V
ac
TLOB4
3mm red LED
7805

MAIL ORDERS:

Unit 2, Hill Farm Industrial Estate,
Boxted, Colchester, Essex CO4 5RD.
TELEPHONE ORDERS:

Colchester (0206) 36412.

CAPACITORS

Polyester, radial leads. 250v. C280
type: 0.01, 0.015, 0.022, 0.033
6p; 0.047, 0.068, 0.1

0.22 -9p;0.33,0.47 -

20p; 1u - 23p
Electrolytic, radial or axiat leads:
0.47/63V, 1/63V, 2.2/63V,4.7/63V,
10/25V - Tp; 22/25V, 47/25V - 8p;
100/25V - 9p; 220/25V - 14p;
470/26V - 22p; 1000/25V - 30p;
2200/25V - 50p.

Tag end power suppiy electrolytics:
2200/40V - 110p; 470040V - 160p
2200/63V - 140p; 4700/63V - 230p
Polyester, miniature Siemens PCB:
1n, 2n2,3n3,4n7,6n8, 10n. 15n, 7p;
22n,33n,47n,68n, 8p; 1000, 9p
150n, 11p; 2200, 13p;330n, 20p;
470n 26p;680n, 29p; 1u33p; 2u2,

500,

Tantalum bead:
0.1,0.22,0.33, 0.47.1.0 @ 35V
12p.2.2,4.7, 10 @ 25V - 20p.
16/16V - 30p; 22/16V - 27p; 33/
16V - 45p;47/6V - 27p; 47116V
70p; 68/6V - 40p; 100/10V - 90p.
Cer. disc. 22p-0.01u 50V, 3p each.
Mullard miniature ceramic plate:
1.8pF 10 100pF 6p each.
Palystyrene, 5% tol: 10p-1000p, 6p;
1500-4700, Bp; 6800 0.012u, 10p.
Trimmers. Mullard 808 series: 2-10
pF, 22p; 2-22pF, 30p; 5.5-650F, 35p

RESISTORS

e ===
) VisA
=

ACCESS AND
BARCLAY
WELCOME

TOOLS

Small trimming tool
Small pocket screwdriver
Large pocket screwdriver

POTENTIOMETERS

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

63p each 6 piece precislon screwdriver set
Preset submin, hor, 100 ohms 1M | Inplasticcase ... 170
7p each. High gyt
Cermet precision multiturn, 0.75W L:)%v g:;l:ly’:'l‘de cotters ?gg
%'’ 100 ohms 1o 100K - 88p each. High quality pliers 650
— Wire strippers R 120
REGULATOR. Expo reliant drill J 695
S Expo Titan drill . 1025
78L05 30 79L0S 65 | Orill stand L . 1200
78L12 30 79L12 65 || Reduced shank drill bits for
78L16 30 79L1S 65 || above 0.8mm, . 680
7805 35 7906 40
7812 35 7912 40
7815 35 7915 40 orp
LM309K 130 LM723 35
LM317K 270 LM3IBK 475 P3mmred 7 ®5mmred 8
CM317T 120 7BHOS 5A PeImim ceeapl2 Sibbniageenil 2
LM323K 350 BBV 550 P3mmyellowl2 »5Smm yellowl2

Clips 1o suit - 3p each.

Rectangular TIL32 40
SOLDERING IRONS Pred 12" TIL78 ®
green 17 pTILIN 80
Antex CS 17W Soldering iron 460 | vellow 17 ORP12 85
23 andA.7mmbits tosuit . 65 pTIL3S 40 TIL10O 90
CS 17W element 450 §* oNB777 45 Dual colour 60
Antex X$§ 25W . . . 480 Seven segment displays:
3.3 and 4.7mm bits to suit . 65 Com cathode Com anode
Solder pump desoldering tool. 480 DL704 0.3 96 DL70703" 95
Spare nozzie for above . 70 » FNDS500 FNDS07
10 metres 22swg solder 100 § 0.5 100 0.5” 100

0
TIL31203"116
TIL3210.5"1156

TIL3130.3™M15

PCB MATERIALS TIL3220.5115

The Rapid Guarantee

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

LS o oAl e
Ls12 12 LSs' 14 LSN12 21  (Si65 33 LS192 35 78 | %W 5% Carbon film E12 series 4.7 | Alfac transfer sheets ~ piease state [l eC 0. o0 di9it S60p. 4 digit 620p.
LS13 19 LS55 14 LS113 21  LSi56 36 LS193 36 15273 58 LS670 135 W ohm - 1M, 1p each. type (e.g. DIL pads etc.) a5
Ls1a 30 LS73 18 LS114a 22 LS157 26 LS195 32 LS279 30 %W 5% Carbon film E12 series 4.7 | Dalo etch resistpen . . . 100 TRIACS [ IR
LS15 12 LS74 17 LS122 35 LSI158 29 LS19% 45 LS283 38 ohm to am? . 20 each. | Fibre glass board  3.75"x8" 80 WV 1o
7413 17 7444 85 7483 30 78 8 74161 46 741 40 x:v et im £2¢ sse'ies 'r? ST e e P E S e .
122 3 90 ohm D cach.
7414 23 7446 58 7485 60 74123 38 74162 46 74191 40
7416 19 7447 36 7486 19 74125 33 74163 46 74192 40 COMPONENT KITS
7417 19 7448 43 7489 180 74126 33 74164 46 74193 o @ [ o
7420 14 7450 14 7430 19 74132 30 74165 46 74134 40 SOCKETS i An ideal opportunity for the beginner or the experienced constructor
421 19 7461 14 7491 34 74141 54 74167 150 74195 40 8 pin 60 10 obtain a wide range of components at greatly reduced prices. %W 5%
7422 19 ‘;453 1: 7492 24 74145 48 74170 115 7419 40 14 pin Resistor kit. Contains 10 of each value from 4.7 ohms to 1M (total
7427 18 7454 1 7493 24 74147 15 74113 58 74197 40 : of 650 resistors} . N B . .
7428 25 7460 14 7494 33 74148 60 74174 53 74198 80 G Ceramic Cap. kit. 5 of each value - 22p 10 0.01u (136 caps} 370
7430 13 7472 2 7495 33] 74150 48 74175 45 74199 80 Polyester Cap. kit. 5 of each vaiue trom 0.01 1o 1uF (65 caps) 576
7432 20 7473 24 7496 38 74153 38 74176 35 Preset kit. Contains 5 of each value from 100 ohms to 1M (total
7433 20 14714 19 7497 86 74154 47 74177 42 65 presets . oo i 425
7437 23 1415 26 74100 78 74155 36 74179 75 Nut and Bolt kit {total 300 items}: 180p
7438 24 7476 25 74107 22 74156 36 74180 38 25 6BA %" bolts 50 6BA washers 50 6BA nuts
7440 ‘8 ugo Ag 74109 24 ;:12(7) gg 74181 100 Soldercon pins 6205;/100 gg ggA %" bolts 254BA %’ bolts 50 6BA washers
7442 30 7482 6! 74121 24 1 74182 65 A nuts 25 6BA %" bolts
P - — =1
LM339 45 Lm3g11 120 NES66 140 TLo64 96 _ Plesse add carriage charges
LINEAR (Mads G0 Lwiole 173 PNESGT 100 Tion ped | swiTcHES TRANSFORMERS RISt el
LM358 LM3915 195 TLO72 50 fll ‘subm i
S55CMOS 80 n toggle Miniature mains:
SeacmOS 180 |GL7106 700 LM377 170 | LM3i3600 105 NEST1 370 TLO74 95 Wl SPST 55p. SPDT 60p. DPDT 85p. | 606V, 909V, 12012V all @ 100mA 100p each.
709 'gL:’,G‘: 133 :LMJBO 65 MC1496 68 PRC4136 56 PTLOBY 25 W Miniature toggle: PC8 mounting. Miniature:
»741 14 :ct'rg;z b Lb;ﬂgzﬁ' :;g "AC:!F:MO N sgg ;&%555 'gg ;tosg 45 B SPDT 80p. SPDT centre off 90p. 3VA 06,06 @ 0.25A;0-9, 0-9 @ 0.15A; 0-12,0-12 @ 0.12A 200p each.
748 oA o aam g a382: 120 Mrg;zoc g0 Shaso 7 TL?go gg g?o;r Qé)p. Dro'r centre oft 100p. | 6VA 06,06 @ 0.5A4;09, 0-9 @ 0.3A;0-12, 0.12 ® 0.25A 270p each.
9400C4 350 ICLB8211A 200 | Mm3B6 65 ML924 195 SL76018 150 UA2240 120 tandard toggle: High quality. Split bobbin construction
AY-3.1270 720 SPST 35p. DPOT48p 6VA 06,06 @0.5A;0-9, 0.9 @ 0.4A; 0-12, 0-12V @ 0.3A 220p each.
AY.3.8910 370 :gm’%‘s () 32333 120 ml-ggg 210 beNiEs] ;gg gt:;ggi 85 | Mintature DPOT siide 125. 12VA 06,06 @ 1A;0-9,0-9 © 0.8A, 0-12,0-12 ® 0.5A: 0-15, 0-15
AY38912 625 WLF35) 45 Lm709 25 Miosy 140 TBA120S 70 XR2206 200 J| buiniomake 120 $.048,29% olusia0o carciage).
CA3046 60 LF353 P 25 NLSZ1  PA01 TBANams WD xmazcc (220 WNEGsh wlbieak; 22 25VA 06,06 @ 1.5A; 0-9,0-0 @ 1.2A; 0-12,0-12 @ 1A;0 15,016 @
PCA3080 65 LF356 90 w725 350 ML929 at1 S eARTD o ZN423 135 Rotary type adjustable stop. 0.8A 330p each {plus 60p carriage}
CA3089 215 Lm10 30 Lmr2s B MR, e Toai0a BB et ;sz: 2:ew, 3IP4aW all 550 each. | 50VA 0-12,0-12 @ 2A, 0-15,0 15 @ 1.5A. 440p each {plus 75p carriage)
CA3090AQ 375 LM301A 26 | 749 14 NES20 225 TBA950 220 2ZN426E 350 LIS
CA3130E 85 LM311 70 [m7a7 60 NES31 150 TDA1008 320 2ZN4Z6E 330 J] 1o0s. "OP O SPST 80. BSPST
2CAII0E 36 LMIIE 120 miase 40 NES4s 205 BTDAI022490 ZN427E 650 - HARDWARE CONNECTORS
e ey o) LMawv? 200 :zgsgg & TOAI024 125 ZNagee 480 — PP battery clips . . 6§ OIN Piug Skt Jack  Plug Skt
BCA3240E 110 Lm3lsz 126 L3800 - 45 5 SO 40 2N4s9 285 ERO Red or black crocodilectips . 6] 2pin 99 9p 2.5mm 10p 10p
PLM3909 70 NES66 110 TLO62 60 ZN1034E 200 S ETTENG 350 Black pointer contro} knob 15 3pin 12p 10p 3.5mm 9p 9p
) Pr Ui o in 1
Bcs17 40 40 MPSUSE 60 2N3055 50 f Size 0.1 marlx: M6V Erscrvonic susser . a9 | Prono 10p 126 Steree 2an 390
TRANSISTORS acsa? 7 23 TIP29A 30 2N34a2 120 25x 1 22 ll 12V Electronic buzzer . 651 1mm_ 12p 13p 4mm 180 17p
BCS48 10 23 TIP298 55 »2N3702 6l 26x3.75 76 § »PB2720 Plezo transducer. 75 | UHF IC8) Connectors:
2.5x6 86
AC125 35 BC149 20 TIP29C 2N3703 9 3'75" 5 4 P 64mm 64 ohm speaker 70 | PL259 Plug 40p. Reducer 14p,
AC126 25 BC157 TIP30A »2N3704 6 Vo b" 5 160 | 264mm B ohm speaker 70 | 50239 square chassis skt 38p.
AC127 25 BC158 TiP308 2N3705 9 BB oo et 20mm panel fuseholder 25 [ 502395 round chassls skt 40p.
PACIZ8 20 BC159 TIP30C V3706 9 | veropins per 100: 1EC 3 pin 250V/BA.
AC176 25 BCI60 TIP31A 2N3707 10 Single sided 0 Plug chassis mounting 380
AC187 8C168C 80115 TIP31C N3708 10§ Doude sided 2 Sacket free hanging 50
AC188 BC169C 8D131 TIPI2A 2N3709 10 4 » Aluminium Socket with 2m lead 120p
AD142 BC170 80132 TIP32C 2N3772 190 f§ Pin insertion tool 162 | piastic with 3x2x1” 70
AD149 BC171 80133 TIP33A »2N3773210 [ Wiring pen and spool 310§ jid + screws 4Ax3Ix1%" 85
AD161 BC172 83132 1::332 ;&;‘8’;’39 ;g Spare spool 750 Combs 6 3x2)§1 " 2 5.588 4x3x2" 100 LTIMETERS
AD162 BC177 8D1 4%x3x1%" 6x4x2” 120
AF124 8C178 8D137 TIP3aC 2N706A 2N3823 65 Txdx2 160  6x4x3" 150 | HT+120 4,000 opv
AF126 BC179 BD138 TIPISA 2N708 2N3866 90 A smart looking 11 range pocket
BC182 10 »8D139 35 TiP35C 2N918 2N3903 10 »C1060 30 sized multimeter with an impressive
»8CI1B2L 8 P»BD140 35 TIP36A 2N1132 2N3904 10 B8Y127 12 »1IN4OO1 3 400V BA 70 [ spec. Complete with battery, etc.
BCIB3 10 B8D204 TIP36C 2N1613 2N3905 6] OA47 10 1N40O2 5 400V 12A 96 [ 650p each,
BC183L 10 B8D206 ;:::;: ;mgg:g: gmggg lg 8:3? g }mgg?] ; HT-320 20,000 opv.
ects4 10 8D222 Highly sensitive 19 range multi-
8C184L 7 BF180 TIP120 N2221A 28 2Naoss 10 |l 0a200 8 insso1 15 | ERINGS 2 200y 4ol meter including transistor tester.
10 BF182 TIP121 2N2222A 2N4060 10 OA202 8  1N5404 186 RECTIFIERS e g0 [l Overtoad protection. OC volis —
10 BF184 TIP122 2N2368 2N4061 10 IN9N4 4 INBAOE 17 6A 400V 95 1000, AC volts — 1000; DC current
:8 ;::::; ;z;ggg g:;ogg :‘,g P1N414B 2 400mWzen 6 § ) g5y 20 vM18 DIL 0.9A [ 9:25A. 4 resistanceranges.Complete
: ith batteries, leads, etc. 1395
10 TIP147 2N2646 IN5458 36 USS00V P35 220012 sof ™ e
»BC214L B TIP2955 2N2904 2N5459 30 CABLES
8C237 8 TIP308S 2N2904A 20 2N5485 36 NEW CATALOGUE » NEW CATALOGUE!! N
BC238 TISA3 2N2905 2N5777 45 20 metre pack single core connect- ur latest ¢ i ini
BC308 TiS44 2N2905a 22 286027 30l ing cable ten Sitferant colours 665 > i atalogye Ml O CoptauIng
80327 11590 IN2906 40360 40 over 2000 stock lines all at extremely competitive
8C328 TIS91 2N2906A 40361 50§ Spesker cable 10p/m i id’ i
Bca28 WSS N ey SolattEarateenad 1eoim | prices b'acked by Rapid s'return of post service.
8C338 VNABAF 2N2907A 25 40408 70 ;v;-: ;cveened 24p/m Stocks include Denco coils, tools, Verocases, data
BCa1? VNGEAF 2N2926 9 - core mains 23p/m
e VHCE RO 10 way 18inbow ribbon  G5e/m sheets etc. etc. $end 45p for your copy now (sent
BC479 30 80 ZTX10? & 2N3054 55 20 way rainbow ribbon  120p/m [ free of charge with ali orders over £10).

ORDERING INFO

All prices exclude VAT. Please add to total order. Please add 50p carriage to all orders
under £15 in value. Send cheque/P.O. or Access/Visa number with order. Qur detailed
catalogue costs 45p (free with orders over £10). Callers most welcome. Telephone orders
welcome with Access and Visa. Official orders accepted from Colleges Schools, etc.

All components brand new and full specification.
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Project B

HE Microlo

The return of the Analog Computer.

K. Manison

WITHOUT DOUBT we are living in a
rapidly expanding digital world;
everything is going digital. Clocks and
watches, once precise mechanical
instruments with analogue dials, now
consist of tiny electronic circuits
displaying the time in digits accurate to
a tenth of a second. The acceptance of
digital technology can be seen in the
rapid increase in the availability of
women'’s digital watches; it is no
longer a symbol of male technology!

Digits are also appearing in other
areas, long the exclusive domain of
analogue indicators, but display
methods are not the only field to fall to
digital techniques. Our telephone
conversations are digitised and
transmitted as serial bit streams and
who, today, hasn’t heard of digital hi-
fi? And with the recent release of video
disc systems, digital video has finally
arrived.

One of the reasons for the digital
revolution, of course, is cost. With the
rapid advances of digital integrated
circuits — and that superstar the
microprocessor — it has become much
cheaper to produce a silicon circuit
with an LED or LCD display, than to
make a complicated mechanical
indicator.

In many cases, the increased
accuracy and resolution is definitely
required and digital systems may be
used to excellent effect. In other cases,
however, the older analogue systems
have many advantages, and that is true
also of the analogue computer.

The Analogue Computer

Remarkable though it may seem, the
analogue computer, which need not
have a single TTL or CMOS logic chip in
the whole of its circuit, manges to
perform calculations that many digital
machines would find difficult.
Analogue computers have been around
for decades in one form or another. In
fact, many of us have used a slide rule
without even being aware that it is an
analogue computer.

Whereas a digital computer
performs its calculations directly, using
numbers, an analogue computer will
use some physical parameter to
represent the values it is to manipulate.
The slide rule, for example, uses
length; the length is considered to
represent the log of a number so that
adding two lengths together is
analogous to adding logarithms which,
of course, is a method of performing
multiplication.

Until the cheap digital calculator
became available, the slide rule was
dexterously manipulated by
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generations of engineers and scientists,
and it has in no way hindered the
advance of technology! In fact,
entering experimental results accurate
to two decimal places into a calculator
and getting out a result with eight
places of decimals can be meaningless.
If the data is limited to two place
accuracy so is the result, and we have
to round off the answer anyway. The
slide rule, being accurate to two places,
can in many cases produce answers
that are just as valid as a calculator,
and it is not much slower either!

To further illustrate the difference
between analogue and digital
computation, let us look at a common
problem. When changing a note for
coins, the bank teller can count the
money in one of two ways. The most
obvious way is to empty a heap of
10ps on to the table and count the
required number. For smail sums this is
adequate, accurate and, for the
experienced teller, remarkably fast.
However, if a large sum has to be
changed, the digital computing method
becomes too slow and also increases
the chance of error. So, the teller will
weigh the coins and, the weight of a
single 10p piece being known, the
scale can be graduated in pounds and
pence. This is an analogue method in
which weight is the analogue of value.
In this case, the analogue method will
be faster than physically counting each
coin and, with an accurate scale, just
as precise.

It is obvious that different
applications are better suited to either
digital or to analogue computation. For
example, analogue computers have
long been used for solving differential
equations of the type frequently
encountered in control theory and

servo systems. While these equations
can be solved by digital means, it is a
time consuming process and often
expensive as well. However, an
electronic analogue of the system can
be constructed on an analogue
computer, the stimulus then fed in and
the output viewed in real time on an
oscilloscope or chart recorder.
Variables of the system can be
changed independantly and the process
run again and again.

It is the speed of computation, and
the graphical output, that give the
analogue computer the edge on this
type of problem. So now let's look into
an analogue computer and see what it
consists of and how it can be used. For
those that are interested in
experimenting with these machine, the
Microlog is a simple and cheap
analogue computer that can be used to
try out sorne of these concepts.

Analogue Computing

An analogue computer performs the
functions of summation (adding),
multiplication, integration and
differentiation. While a digital computer
can perform all these functions, it can
only do them one at a time. So, even
though it works very fast it has to
perform a series of calculations.
Particularly w here integration is
concerned, many simple calculations
have to be made to solve one integral,
and, if the step size is kept small to
increase accuracy or resolution, then
more calculations are required and the
time taken is increased.

Say, for example, the solution to the
problem X =Y +{(V + U}/2 is required. A
digital computer would tackle the
problem like this: first, V and U would
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be added together and stored as a
variable; second, that variable would
be divided by 2; last, it would be added
to Y to give the required answer. A
program, written in BASIC, to handle
the problem may look like this:

10 INPUT U

20 INPUTV

30 LETX=(U+V)/2
40 INPUTY

50 LETX =X+Y

60 PRINT X

70 END

For a simple problem like this these
steps take very little time, but if a large
complicated formula were being
calculated you can see that this
sequential type of process may take a
very long time indeed.

The analogue computer, however,
uses separate modules to
simultaneously perform each function
required in the calculation, and the
manner in which the modules are
interconnected determines the formula
being calculated. If two additions have
to be performed then two summers will
be used, one for each.

For the problem X=Y + (V+U)/2, an
electronic analogue computer would
have modules connected together as
shown in Figure 1. The triangle
symbols are summers and produce the
algebraic sum of the input voltages.
The circle symbol is a coefficient
multiplier, used to divide the sum of
V +U by 2 (multiplication by 0.5). You
can see that as soon as the input
voltages corresponding to Y,V and U
are presented to the modules, X will be
instantly available. Notice that the
analogue computer is effectively
performing all of its calculations in
parallel, not one after the other. Itis
also performing an ‘on-line’ calculation
in that the output X will continually
follow the inputs. A digital machine
would have to prompt for updated
values, or interrogate 1/O ports for
them. This is what gives the analogue
computer a speed advantage, in many
cases. To find out how an analogue
computer works, let us examine each
of the building blocks; then we will
determine how to put them together!

Computing Units

An analogue computer uses voltage
and time to represent numeric values.
For example, a voltage rising from O
volts to 3 volts over a period of a
minute could be used to represent the
filling of a 300 gallon tank in the same
time. In this case, 1 volt represents
100 gallons, and its variation with time
shows the changing level in the tank.
So, a plot of voltage against time will
show the physical movement of the
system we are simulating with the
analogue computer. The analogue
computer, therefor, needs devices that
will sum, integrate and multiply
electronic voltages. If we think of these
devices as circuit elements, then we
can connect them together as a circuit
to produce the function we require.
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Figure 1. The analogue solution to the
equation.
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Figure 2(a). An analogue summing cir-
cuit (above); 2(b) the graphic symbol
used for a summer (below).
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Figure 3. The circuit of an op-amp in-
tegrator.
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Figure 4. Above (a), the integrator cir-
cuit modified for initial condition input;
{b) the usual graphic symbol; (c) the
representation used on Microlog’s
panel.
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Figure 5. An op-amp differentiator.

Summers

If our computer is to use voltages to
represent physical values then we need
an electronic device to add two
voltages together; it must produce a
voltage which is the algebraic sum of
two or more instantaneous voltages.

The simplest method is to use an op-
amp; if we add several inputs through
resistors, we get an output proportional
to the sum of the input voltages. A
typical circuit is shown in Figure 2a.
The summer circuit module is usually
shown by the symbol of Figure 2b. The
gains, normally 1 and 10, are shown
for each input.

Integrators

We stated at the beginning that
analogue computers are used to
produce solutions to differential
equations, and this means that
integration and differentiation are
involved. Integration is essentially the
sum of all the instantaneous values of a
function. Normally it is performed
between definite limits, say between
the times t=0 and t=100. Some initial
condition must also be specified if the
integration is to be valid. For example,
when integrating a voltage signal V,
the starting condition may be V=2
when t =0. Therefore, the integrator
must also have an **’initial condition”’
input.

We can use an op-amp to integrate a
voltage; consider the circuit shown in
Figure 3. The output is given as:

1
Vo = - — [ Vidt
RC

Of course, we can integrate multiple
inputs in exactly the same waythat we

summed several inputs, and it should
also be clear that by changing the input
resistors the integrator gains,
expressed as 1/CR, can be
independently set for each input.

Now to set the initial conditions: we
must be able to set the output (by
setting the charge on the capacitor) to
a desired value. In effect, the circuit
must behave as a summer up to time
t =0, but operate as an integrator after
that time. We achieve this by means of
two switches, as shown in the circuit
Figure 4a.

If switch SW2 is closed, you can
see that you have a summer with only
one input, VI x R1/R2. The capacitor
will also have this voltage across it and
will be charged to the desired initial
condition.

If switch SW2 is opened and SW1
closed, we have an integrator with
three inputs. When both switches are
open, the circuit acts as a ‘hold’ circuit
— the output will remain at whatever
the voltage was when SW2 was
opened. This is dependent, of course,
on the capacitor remaining charged,
but as the input impedance of the op-
amp is very high, it can hold the
voltage for an appreciable time.

In a large analogue computer, these
switches are replaced by relays, which
allows the machine to be switched
from Reset to Compute repeatedly, and
the response can be displayed on an
oscilloscope. This mode of operation is
called Rep-Op, short for Repetitive
Operation.

Differentiators

We learn at school that integration is
the opposite procedure to
differentiation, so that the opposite
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1C3 = +15v
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240V ac | % =
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ov
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Figure 6. The complete Microlog circuit: {above)
COEFFICIENT the power supply; (far left) the coefficient

MULTIPLIERS x6

multipliers; (near left) the meter circuitry; (below

left) the four summing circuits; (below right) the

RV1-6 ras Sane four integrators. Not all the components are
10k > 4——0 mounted on the PCB; connection points are mark-
s« ©d to aid wiring, which needs careful attention —
RV? see NOTE, below, and Figures 8 and 9.
M1

NOTES:
1C1,2 ARE 348
IC3 1S 7815
IC4 1S 7915

M1 = 100uA CENTRE ZERO

R1 ™ R3 1™

NOTE:

CIRCLED NUMBERS = PC8 CONNECTOR POINTS

LOWER CASE LETTERS = PATCH PANEL CONNECTOR POINTS
NUMBER AND LETTERS = LEVER SWITCH TERMINALS
LEVER SWITCH SHOWN IN “RUN"
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configuration, in the op-amp circuit,
will produce a differentiator. The circuit
in Figure 5 produces the differential of
the input voltage, and once again we
can have several inputs with
independent gains.

Coefficient Multipliers

So far we have shown our summers,
integrators and differentiators with
fixed gains of, eg., 1, 10, or 100. We
could, of course, set them to any value
required — 2.375 for example — but
we lose flexibility if the gains are set to
such ‘strange’ values, as they will only
be useful for a calculation that needs
that particular number! However, if we
have a device that will divide a voltage
by 1/.2375 (ie. multiply by the
coefficient, 0.2357) and then foilow
that by a summer with a gain of 10, we
have achieved our required gain of
2.375. So we need a voltage, or
potential, divider — which is nothing
else but a potentiometer!

For analogue computers, the
potentiometers have to be precise and
stable. Also, there must be some
means of setting them to the required
value. The way this is achieved is to
connect them across an accurate,
known voltage and measure the output
while adjusting the pot until the desired
coefficient is reached. In large
machines, this may be done
automatically by small servo motors
connected to the wiper mechanism. For
small machines, such as the one
described in this article, the pot has to
be set manually. In the example above,
the potentiometer could be connected
across 10 volts and adjusted until the
output at the wiper measured exactly
2.375 volts.

The HE Microlog

Microlog stands for Micro-Analogue
Computer {we can’t have digital
machines claiming sole rights to the
term ‘Micro’!}. It has been designed as
a conceptual trainer to give you a feel
for analogue computing and, therefore,
accuracy has been traded for low cost
and simplicity.

Microlog’s patch panel shown in
Figure 7 and from it you can see that it
has four integrators, four summers and
six pots (coefficient multipliers). The
Initialise-Integrate-Hold selection is
performed by the keyswitch labelled
Reset-Run-Hold; no rep-op mode is
available as that would entail the use of
relays, increasing the cost. The
complete circuit is built on one PCB and
fits in a type 104 Verobox, with 2 mm
plugs used for the patch connectors.
The most expensive item in the
Microlog is the meter!

To keep everything simple, single
chip voltage regulators are used for the
15 V power supplies and the reference
supplies are simple zener diode
regulators. Two 348 quad op-amps are
used, one chip providing the four
integrators and the other the four
summers. One of the summers has a
capacitor on one input to provide a
differentiator function. The complete
circuitry is shown in Figure 6.
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Figure 8. The front panel wiring diagram, showing the mounting positions of the components and the wiring points (eg, point ‘f’
goes to PCB point *1°; point ‘g’ goes to the leverswitch terminal ‘1a’). The switch terminal connections are shown in Figure 9.

The Patch Panel

Having designed the various computing
elements that go to make up an
analogue computer, we now require a
method to interconnect them in order
to solve problems. This is usually done
by means of a patch panel. The inputs
and outputs of each computing unit are
brought out to sockets and jumper
wires may then be used to connect the
desired units to simulate a system or
solve an equation.

Construction

The first thing is to drill the front panel
of the Verobox for the 2mm sockets,
pots, switches and the meter. Then,
using Letraset or similar rub-down
lettering, mark out the patch panel and
spray with a clear polyurethane lacquer
so that the markings will not rub off
after a little use. The full-sized patch
panel is reproduced on page xx for use
as a template in this operation.

Next, mount all the sockets and
pots. When tightening the nuts on the
2 mm sockets, take care not to overdo
it or you may strip the thread. Using
the wiring diagram, Figure 8, as a
guide, connect up the pots to their
respective sockets. Again, be very
careful when soldering to the 2 mm
sockets, as the plastic body melts very
easily!

The next step is to mount the input
resistors on the correct sockets for the
summers and integrators {(mounting
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Figure 7. The front panel of Microlog.

D 2mm SOCKETS
8 BLUE = 10V
Bi BLACK = 0V
R RED = +10Vv

G GREEN = POTENTIOMETERS

¥ YELLOW = INITIAL CONDITION INPUTS
W WHITE = OP-AMP INPUTS AND OUTPUTS
M =METER INPUT {BLUE)

them here, instead of on the PCB,
reduces the amount of wiring from the
patch panel to the PCB). Use the circuit
diagram and the wiring diagram to
determine the correct place for each
resistor. Then mount the 10 volt Zener
diodes, ensuring that you have put
them in the right way round, and the
470R resistors.

The final front panel wiring is that
from the keyswitch to the sockets.
Take special care that this wiring is
correct, as it is easy to get confused
with the connections on the keyswitch.
Use the circuit diagram and Figure 9
and double check it when you've
finished. It is easier to change incorrect
wires then, than at a later stage in the
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Figure 9. The leverswitch (Keyswitch)
wiring connections (left} and the on/off
switch connections (above). Note that
flipping from RUN to HOLD connects
'h’ to ‘g’ etc, and in RESET, ‘b’ is swit-
ched to ‘c’ and ‘e’ to ‘d’.
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construction.

Before the panel can be put back on
the Verobox, you will have to remove
the central plastic strip that crosses the
panel aperture. Don’t worry — it
doesn’t weaken the box in any way.
Some time before the testing stage,
too, you will have to make up about 20
patch leads with 2 mm piugs on each
end; it is best to make assorted
lengths, say 3,6 and 9 inches long.

Now you can start to mount the
components on the PCB, using the
Parts List and component layout Figure
10 to locate each part. First check the
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tracks, to ensure there are no breaks or
bridges, and then install the IC sockets
and solder them in. Do not plug in the
op-amps until the check-out procedure,
later. Next, install the resistors on the
board and once they are soldered,
mount the capacitors. Ensure that the
orientation of the electrolytic
capacitors is correct; thé layout
diagram shows the way. Finally, install
the two voltage regulator ICs; these are
mounted with the metal face against
the PCB and held in position with a
small screw lockwasher and nut, and
be sure the regulators are in the right

places. One is a positive voltage
regulator and the other negative and if
you accidentally swap them around,
they won't last a second when you
switch on! Bend the leads down into
their respective holes and solder them
in. Go over the board, then, checking
for any solder bridges or dry joints,
touching up where necessary.

Once the board is complete you can
start wiring from the patch panel to
the PCB connection points, using the
wiring diagrams, Figures 8 and 9. This
is where great care must be taken, as
it is all too easy to get wires crossed.
Give yourself enough length on the
wires to be able to route them neatly,
and to allow the panel or top. of the
box to be taken off without pulling the
wires!

The wiring from the PCB to the
keyswitch can be done next, again
taking care that the correct connec-
tions are made. The PCB is then
mounted to the panel, using the screw
terminals of the panel meter, which
also provides the electrical connec-
tions to the meter.

The last part of the construction is
the power supply unit (PSU). This is
extremely simple, consisting of the
small transformer, a bridge rectifier

13
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and two capacitors. They can all be
mounted on the transformer as shown
in the internal photograph. The final
stage is the wiring from the PSU to
the PCB, and to the ON/OFF switch.
After that, you are ready for testing.

Testing

First make sure you have NOT in-
serted the ICs and that the ON/OFF
switch is OFF. Plug Microlog into the
mains, switch on and inhale strongly.
No burning smell? So far so good!
With a multimeter, check that you get
plus and minus 15 volts at the correct
pins of the IC sockets, and plus and
minus 10 volts at the correct pins of
the IC sockets, and plus and minus 10
volts at the patch panel red and blue
sockets, respectively. None of these
voltages are critical, and the 10 volt
supplies may be a little out due to the
tolerance of the Zener diodes. If any
of these supplies are not present
check the AC voltage out of the
transformer. If this is present and you
are getting good unregulated DC from
the diodes, then check the IC
regulators. Hope you didn’t swap
theml

When all is well, patch from any
red socket into the meter socket and
adjust the trimpot on the PCB for a
positive full scale deflection. This sets
the meter to whatever voltage you get
from the Zeners, and so eliminates the
need for an absolute 10 volt
reference. For completeness, you can
then patch into a blue socket and see
that you get negative full scale deflec-
tion.

Switch off, then, and plug in the
op-amp (ICl) that is used for the sum-
mer circuits. Patch up the circuit
shown in Figure 11, set RV 1 fully an-
ticlockwise and switch on. You should
see an increasing negative meter
deflection as you rotate the pot
clockwise, showing that the op-amp is
inverting correctly. A mid-range set-
ting on the pot should give a —5
reading on the meter. Now patch into
the x10 input; the same thing should
happen, except that you can only
move the pot about a tenth of its
travel before you get a full-scale
reading. Test the other summers in the
same way.

Now for the integrators. Switch
off and plug in the second op-amp,

IC2. Patch up the circuit shown in
Figure 12, and make sure the
keyswitch is set to Reset.

Switch on and check that operating
RV 1 gives you a varying output on the
meter; it should, in fact, behave just
like the summers. Re-turn the pot to
zero and switch to Run. If RV2 is also
at zero, nothing should happen but if
you turn RV2 up a little, the voltage
output will slowly move towards
negative full scale. Turn RV2 to zero
and the ramp will stop. Now patch the
input of RV2 into the negative
reference (blue socket) and repeat the
test; the voltage output should slowly
ramp the other way. Switching the
keyswitch to Hold should stop the
ramp and hold the present value, while
switching back to Run resumes the
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ramp. This test should be repeated for
the other integrators and be performed
on each input. The speed of the ramp

will be faster when you patch into the
x10 inputs.

The last thing to check is the dif-
ferentiator input on summer 3. Set up
according to the patch diagram of
Figure 13. The output should be zero
until you move RV4. Any movement
in the pot, ie. change in the input
voltage, will cause a change in output,
but as soon as you stop moving the
pot, the output will return to zero. A
positive change in input will give a
negative swing and a negative change
will produce a positive swing.

If all of the above tests work out
as described, you now have a working
Microlog. If they don’t work, check
your wiring very carefully, especially
the wiring to the keyswitch. If that is
OK, then check that the op-amps are
firmly inserted in their sockets. There
is not much else that can be wrong!

Using Microlog

All being well, you are now the
proud owner of an HE Microlog, the
smallest analogue computer in the
west! So what do you do with it?
Well, the best way to describe its
capabilities is to show some examples
of problem solving using it.

Earlier in this discussion we
mentioned using voltage as the
analogue of water level in a tank, so
lets use Microlog to solve that well
known school problem: ‘‘“How long
will it take to fill a bath if water is
flowing in at X gallons per minute and
flowing out at Y gallons per minute.’’
Working this out at school, you
assumed a constant inflow,
(reasonable) and a constant outflow.
However, with the wisdom of
advancing years, you now know that
outflow will actually depend on the
head (or level) of the water, so the
problem is not quite as simple as it
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Figure 13. Testing the differentiator.

Figure 16. Patching the bathtub.

first seemed. First, then, we shall look
at the filling problem with no outflow
all all.

If we fill the bath from the tap the
inflow will be a constant, ‘K’,
determined by the setting of the tap
and the water pressure. The quantity
poured in, ‘di’, during time interval ‘dt
is:

di = K.dt )
Now the rise in level ‘dh’ for quantity
‘di’ is:

dh = 1/A.di
where ‘A’ is the area of the bath.
Rearranging to make ‘di’ the subject
we get:

di = A.dh
Substituting this for ‘di’ and
rearranging we get:

dh _ K

’

v

l'c @ K/A 1 i

\J —C/A.h p—=C
l_._—-1

Figure 14. Developing the bathtub cir-
cuit.

+V
o (wv2)
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O= fR:/3\ 1 —~h
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Figure 15. The bathtub completed.
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So now we have a differential equa-
tion expressing the rise in level with
time. The value ‘K’ represents the

.amount by which the tap is turned on

and the main water supply pressure.
Now about the emptying part; the
amount of water that will flow out in
time interval ‘dt’ we shall call ‘do’.
Therefore, ‘do’ will be equal to the
head ‘h’, multiplied by some constant
‘C’, where ‘C’ takes into account the
size of the plug hole! Mathematically
then:
do=C.h.dt
If the bath has a cross-sectional
area of ‘A’ then the fall in head will be
equal to:
dh = —-1do
A.
The sign is minus because the level is
dropping. Rearranging we get:

do = —A.dh
Substituting we get:

A.dh = —C.h.dt
or:

dh _ -C.h

dt =~ A

This, too, is a differential equation
showing the change of head with
time, but this time it is due to the bath
emptying. Therefore, the change in
level at any instant in time will be the
sum of the filling and emptying. So,
finally, we can write:

dh _K-C.h

dt A A
This is a differential equation of the
type that Microlog can solve with
ease; let’s set up the circuit. First we
will need an integrator, so that if we

put ‘dh/dt’ in we will get ‘' —h’ out
{which is what we want). So, we
have to put voltage signals correspon-
ding to the right hand side of our
equation into the integrator, and we
will then get out a voltage that will be
the analogue of the water level at any
instant in time. The circuit, then, will
look like Figure 14. Notice that each
input does in fact represent a term on
the right of our equation and that, as
the inputs are summed, the terms are
added, just as in the equation.

To complete the picture we have
to set the initial conditions of the
system; in this case the initial condi-
tion is the level of the bath water
before we start the filling and empty-
ing process. We can set it to zero (an
empty bath) or at any level up to full.
The complete circuit is shown in
Figure 15 and the Microlog patch
diagram is shown in Figure 16.

Now to run the program: first set
Microlog to Reset and adjust Rv2 to
set the water level to full. That will be
minus full scale deflection of the
meter. Ensufe that RV 1 and 3 are
turned fully off, anticlockwise, and
switch to Run; the water level should
remain constant. Now pull out the
plug! You do that by turning up RV 1;
the value determines the size of the
plug hole and thence the rate of
outflow. Notice that the water level is
dropping, as shown by the meter
movement, and that the rate slows
down as the bath empties. If we turn
on the tap, RV3, you can fill the bath.
Of course, the filling rate will have to
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be greater than the emptying rate or
the level will slowly drop. It is in-
teresting to start with an empty bath
and start pouring water in. |f the plug
is open, the level will start to rise until
the increased head causes the outflow
to equal the inflow. At this point the
level will remain constant. Turn down
the inflow rate a little and after a
while a new equilibrium level will be
found. The time taken is the ‘response
time’ of the system that we have just
modeled on our analogue computer!

So instead of doing lengthy
calculations, or getting wet running an
experiment, Microlog has allowed you
to set up an analogue of the system
under test. You can try various set-
tings for all the pots to see how the
result changes.

Let’s look at another application.
You may remember that integrating
SIN(X) gives —COS(X), and in-
tegrating COS(X) gives — SIN(X).

Again, this is a differential equa-
tion of the type easily set up on
Microlog. Look at the circuit and patch
diagram in Figures 17 and 20. If you
patch this on Microlog, set the initial
condition of integrator 1 to 10 volts
and then switch to Run you will get
out a sinewave or a 90 degree phase
shifted sine wave (COS). Using pots
RV1 and 2, you can slow down the
frequency of oscillation (or by pat-
ching into the x10 inputs of the in-
tegrators you can speed it up). This
makes quite a neat and simple very
low frequency sinewave oscillator.
Due to the tiny leakage of the
capacitors and the small input currents
of the op-amps the amplitude will
decay eventually, but it will continue
to oscillate for many minutes.

Loops and Bumps

Two areas in which analogue
computers are often used are those of
modeling dynamic systems and servo
loops. These two problems require the
solution of second order differential
equations of the type:

A d?x +Bdx+Cx=0

dtZ " dt

Let’s take the front suspension of
a car: what will happen if you hit a
large pothole in the road and your
shock absorbers are bad? Figure 19 is
a simple representation of the type of
system we are going to model, and
‘the equation that describes the
response of the system to a distur-
bance (a pothole) is:

MX + DX + SX = 0O
where X = d2x and X = dx
p dt? dt

MX is the inertial force due to the
mass of the car, DX is the viscous
damping force produced by the shock
absorber, and SX is the restoring force
of your front spring. X, of course, is
the displacement of the suspension
system, and we want to see how
quickly this will be restored to the
original value.

To patch this on Microlog we first
rearrange the equation so the X is the
subject:

X=-DX-S X
M M
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Figure 17 (top left). The Sin X/Cos X
generator circuit.

Figure 18 (top right); A model suspen-
sion.

Figure 19 (middle left). Suspension cir-
cuitry.

Figure 22 {middie right). Model of a
closed-loop servo system.

Figure 23 (right). Response curves of a
closed-loop servo.

_SPRING
SHOCK ABSORBER — ™4 -
POTHOLE
/
/
S 7,

AMPLIFIER
MDTDR

POSITION FEEDBACK

(
DESIRED POSITION UNDERDAMPED

CRITICALLY DAMPED

-~

OVER DAMPED

Integrating X gives X, and in-
tegrating X gives X. These can then
be summed according to the formula
to give X. The circuit and patch are
shown in Figures 19 and 21. Pot RV1
is used to set'the D/X term and RV2
determines S/X: Set them both to
about mid range. But if we drive along
a perfectly flat road the suspension
will not move, so we have to simulate
the bump. This is done by setting an
initial condition into the integrators, to
show that the suspension has been
displaced.

Turn Microlog to Reset and set RV4

to about mid value and RV3 to give

— 50 on the meter — this is a medium
sized pothole! Now switch to Run and
watch the meter. It will return to zero
(the original position) and then over-
shoot, then reverse direction but over-
shoot zero again, though not by so
much this time. Eventually, it will set-
tle down to a smooth ride again. Try
playing around with RV1 and RV2;
reducing RV 2 reduces the effec-
tiveness of the shock absorber and
you will find the front end of your car
bouncing up and down for the next
few miles. Increase it, and it takes a
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Figure 20. Sin X/Cos X patch.

Figure 21. Pothole patch.

long time to return to the level condi-
tion again. If you increase RV1 you
stiffen the spring. A high RV1 and
RV2 setting simulates the rock hard
suspension of a sports car, while a
low setting for both (especially P1)
gives you the ride of a big American
Cadillac! :

A closed loop servo system, of the
type shown in Figure 22, also has a
second order differential equation to
describe its performance. In this case,
instead of turning to the zero displace-
ment position, the system must move
to the position corresponding to the
input signal Y.

Microlog can model this system
too, and in fact it is very similar to the

car suspension problem. To change
the patch to model the system shown
in Figure 22, all you have to do is take
the output of RV3 from the initial con-
dition input of the integrator and plug
it into the free summing input; this pot
is now your position control. RV1 now
sets the gain of the feedback loop and
RV 2 the inertia of the system. Switch
Microlog from Reset to Run and then
move RV3 to a new paosition; the
meter output will follow but over-
shoot, and then come back. You can
determine the best response by play-
ing with the gain and inertia of the
system, and if you have an
oscilloscope you can plot the response
and should be able to see the sort of

curves shown in Figure 23.

These are just a few of the possi-
ble systems and problems that can be
solved with an analogue computer.
Microlog is not designed to produce
accurate numerical results; however, it
can give a good idea of how a system
will function, and give you a feel for
analogue computing.

It can also be used to add signals,
or the integrators can be set up to
give you a very slow ramp. The dif-
ferentiator input can be used to
measure the slope of a ramp and it
can also be used to detect drift in a
circuit, so Microlog can be quite a
useful lab instrument as well!

Go on. Build one! HE
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INTRUDER ALARM CONTROL UNIT

CA 1250 ALARM

ULTRASONIC

Adjustable range
from 5ft. to 25ft.

This exciting new module offers ali the possible
features likety to be required when buiiding an
intruder alarm system. Whether used with only 1 or
2 magnetic switches or In conjunction with several

effective system can be constructed at a fraction of
the cost of comperable ready-made units. Supplied
with a fully explanatory Data Sheet that makes
installation straight forward, the module is fulty
tested and guaranteed.

*pvaifable in kit form £16.95 + VAT °

® Built-in electronic siren drives 2 loud speakers @ Stabilised ouput voltage for external units

@ Provides exit and entrance delays together @ 2 operating modes - full alarm/anti-tamper and
with fixed alarm time panic fac ity

® Battery back-up with trickle charging facility @ Screw connections for ease of installation

, Operates with magnetic switches, u/sonic or @ Separate relay contacts for switching external
LR. units loads

@ Anti-tamper and panic facllity ® Test loop facility

uttrasonic atarm modules or infra-red units, a really

MODULE

US 4012

Fully built
& tested

A really

effective fully buiit
modute containing both
ultrasonic transmitter and
receiver and circuitry for providing
false alarm suppression. This module,
together with a suitable 12V power supply
and relay unit as shown, forms an effective

though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet. it is easily mounted in a
wide range of enclosures. A ready-driled case and necessary

hardware is available below.

DIGITAL VOLTMETER MODULE DVM 314

Fully built & tested

‘® Postuve & negative voltage with an FSD of
999mV which is easily extended

@ Requlres only single supply 7-12V

@ High overall accuracy - 0.1% + 1 dignt

@ Large bright 0.43" LED displays

@ Supplied with full applications data

With this fully buiilt and calibrated module a wide range of accurate equipment such as multimeters.

thermometers, battery indicators etc. can be constructed atafraction of the cost of ready-made units. Full

details are supplied for extending the voltage range, measuring current, resistance and temperature.
Fully guaranteed, the unit has been supplied to electricity authorities, Government departments. etc.

Power Supply & Relay
Units PS 4012 £4.25 4+ var
Provides a stabilised 12V output and retay with 3A

contacts. The unit is designed to operate one or two
of the above ultrasonrc units. Fully built and tested.

Hardware Kit
HW4012 ¢4 95 + VAT

A suitable ready-drilled case with the various mount-
ing pillars, mains switch socket and nuts and bolts.
Designed to house the ultrasonic alarm module
with its power supply.

Temperature Measurement Kit DT.10

from 10°C to + 100°C. The unit is idea! for use in conjunction with the DVM module providing an
accurate digital thermometer.

Siren Module

Size: 153mm x 120mm x 45mm.

SL 157 £2.95 4+ var

Produces a loud and penetrating shding tone operat-
ing from 9-15V. Capable of dnving 2 off 8 ohm

£2.25 s+ var

Using the I.C. probe supplied. this kit pravides a finear output of 10mV*C over the temperature range

Power Supply PS.209

is deally suited for operating the DVM at Temperature Measurement module

Hobby Electronics, December 1982

£4.95 +var

This fully built mains power supply provides two stabifised isolated outputs of 9V, 250mA each. The unit

# ACCESSORIES *

3-position Key Switch for use with

speakers 10 SPL of 110db at 2M. CA 1250 supplied with 2 keys £€3.43
Contsins an inhibit facility for use with shop - .
Ifting loops ete. or other break to activate Magnetic switch (with magnet) €117
et 5" Horn speaker for use with CA1250
and SL157 £4.95
Add B ! Op pos dp q
O ora '
op ho 9.00 Op DeD
d. 9.00 00 p
O ge O O € ee
D NIR .
o A DOoroug B
Risboroug 084 44) 6 6

e
I =
Sk
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COMING SOON TO. ..

THE HE DIGITESTER

A complete digital test system which will grow into a complete testing and breadboarding facility. The
series commences with the description of our Chip Probe, a simple logic tester that can also stand alone
as a handy test instrument.

SWITCHED MODE POWER SUPPLIES

A complete explaination with a useful easy-to-build project included! A must for CBer’s and other users
of mobile equipment.

CUMULATIVE INDEX, 1979—-1982

Not only the best, but the whole of Hobby Electronics indexed for you in one issue (we’re hoping it will
cut down our mail!).

READER SURVEY, 1983

Yes, folks, once againit’s the time of the year when WE ask YOU the questions. Come on, tell us what
you think!

JFETS EXPLAINED

Often used in our projects, these devices are easily understood (which is why we use them).

S s — = 7' ebby
lebiay X Sctronies
|
e

)

|

{ 0

i | January issue on sale at
: Add,o;s. .............................. | your newsagent

: ............................... : from 10th December
- i = gpaniemaseeligh. . .. | Plaes yourordernow!
A lantom imat B (TR N R e -

Although these articies are being prepared for the next issue, circumstances may alter the final content.
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Who but the people who made the micro possible
could help you understand it?

TheIexas Instruments
Electronic Library.

An in-depth series in understanding today’s world of electronics.

The Understanding Electronics Series was specially
dev%oped and written to give you an in-depth knowledge of this'
world.

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

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

Everything you've always wanted to know about:

1. Understanding Electronic Control of Energy Systems.
1st edition. Ref. LCB 6642. Covers motor, generator, power distribution,

heating, air conditioning, internal combustion engine, solar and nuclear
systems. Softbound 272 pages. £3.95.

2. Understanding Electronic Security Systems.

Ist edition. Ref. LCB 720L A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applications. Softbound 128 pages. £3.95.

3. Understanding Solid State Electronics.
3rd edition. Ref. LCC 3361 The principles of solid state theory. It explains

electrical movement, with intermediate tuition on the applications of solid
state devices. Softbound 282 pages. £3.95.

4. Understanding Digital Electronics. Ist edition. Ref. LCB 331L
Describes digital electronics in easy-to-follow stages. It covers the
main families of digital integrated circuits and data processing systems.

Softbound 260 pages. £3.95.

5. Understanding Microprocessors. ist edition. Ref. LCB 4023.
An in-depth look at the magic of the solid state chip. What they are, what
they do. Applications of 8-bit and 16-bit microprocessors; and design

from idea to hardware. Softbound 288 pages. £3.95.

s
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6. Understanding Computer Science. ist edition. Ref. LCB 5471
This book tells you in everyday English how today’s computer has
been developed, what goes on inside it, and how you tell it what to do.
Softbound 278 pages. £3.95.

7. Understanding Communications Systems.

Ist edition. Ref. LCB 4521 An overview of all types of electronic communi-

_cations systems. Softbound 282 pages. £3.95.

8. Understanding Calculator Maths. ist edition. Ref. LCB 332L
Brings together the basic information —formulae, facts, and mathematical
tools—you need to “unlock” the real power of the hand-held calculator.

Softbound 230 pages. £3.95.

9. Understanding Optronics. ist edition. Ref. LCB 5472.
Optronics is the application of light and electronics to perform a wide
range of useful tasks. From car headlights to missile guidance systems.

Softbound 270 pages. £3.95.

10. Understanding Automotive Electronics.

Ist editién. Ref. LCB 577L Learn how electronics is being applied to
automobiles. How the basic mechanical, electrical and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive train control, motion control and

instrumentation. Softbound 288 pages. £3.95.

How to order

Fill in the coupon below or if someone else has already used it, simply:
1. List reference numbers and quantities required.

2. Calculate total order value. Add £1.50 for postage and packing.

3. Send the list, plus your cheque payable to Texas Instruments Ltd,
PO Box 50, Market Harborough, Leicestershire.

Allow 30 days for delivery.

Texas WP
INSTRUMENTS

-12.:_' . ‘ 7 1-‘

| Please send me the following publications:
| REFERENCE NO. QTY. REFERENCE NO. QTY.

I L. ik i
| ] 8. I

| 9.

10.

o v [o [ [

Free title choice: Understanding

Name.

Company (if any)
Address

|
| |
| |
| 1 enclose a cheque for £ |
| |
|

{ Registered office: Texas Instruments Ltd, Manton Lane, Bedford MK41 7PA.
‘l Registered number: 574102 England. HEI |
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Stereo Noise

Gate

R.A. Penfold

Remove hiss and noise from your recordings!
Mono or stereo, our noise gate

Stereo Noise Gate

NOISE is present in every electronic
circuit, and in audio circuits it results in
the all too familiar background ‘’hiss’’.
Although modern “electronics
components have provided great
improvements in noise performance in
recent years, noise in audio circuits can
still be very troublesome at times, and
there can sometimes be a build-up of
noise which resuits in a poor signal-to-
noise ratio when using certain
combinations of equipment. Re-
recording material can also lead to a
build-up of noise.

Two useful ways of combatting
audio noise are to use either a noise
gate or an expander. These two devices
are very similar, but there is a very
important distinction between them. A
noise gate is rather like an automatic
switch which normally allows the input
signal to pass straight through, but cuts
off the output when noise only is
present at the input. Noise is most
obtrusive during pauses in the main
signal, and a noise gate can therefore
give a large subjective improvement in
performance.

An expander permits low level
signals to pass normally but at medium
and high signal levels, it gives a
progressive _boost to the processed
signal. Thus the noise level remains the

20

deals with both.

same but the maximum volume level is
increased; or, the noise level can be
reduced with the maximum volume
level remaining the same; or, a
combination of the two, as desired. A
simple volume expander was described
in the January 1982 issue of Hobby
Electronics.

Whether a noise gate or an expander
is the best choice depends upon the
particular circumstances in which the
equipment will be used and, to some
extent, on personal preferences. A
disadvantage of an expander is that it
alters .the dynamic levels of the
processed signal, whereas a noise gate
simply cuts off the noise during breaks
in the signal. A noise gate is therefore
normally preferable for use where
changes in dynamic level are
undesirable. However, a gate is likely to
be less satisfactory when the wanted
signal may, at times, be almost lost in
the noise, since it is then possible that
the gate might cut off the signal. A
noise gate is of most use when there is
a fairly strong noise level, but the
wanted signal is usually significantly
above this level.

The unit described here is a stereo
noise gate, although by using only one
channel it can obviously be used in
mono. Although expanders normally
process each stereo channel separately

.
L4 )
I" .k

DT

it is preferable for a stereo gate circuit
to switch the two channels in unison,
as it can be rather disturbing if one
channel cuts out while the other is still
presentl This circuit therefore switches
the two channels on and off
simultaneously — see How It Works for
an over-view of the system.

The Circuit

The full circuit diagram- of the Stereo
Noise Gate is shown in Figure 1. It is
based on an LM13600N integrated
circuit, which is a dual operational
transconductance amplifier. An
operational transconductance amplifier
has features common with an ordinary
operational amplifier, but there are also
a number of important differences — a
transconductance amplifier provides an
output current (rather than an output
voitage), governed by the differential
input voltage, and it also has an
additional input which enables the gain
of the amplifier to be controlled over a
wide range, from zero up.to about 20
dB.-Note that a gain of less than one is
equivalent to attenuation!

In order to make a transconductance
amplifier operate as » voltage amplifier,
it is merely nec2c:..y to add a load
resistor at the vutput; R20 is the load
resistor for IC3a while R24 is the load
for IC3b. The current flow into the
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Figure 1. Circuit diagram of the Stereo Noise Gate. Note that both channels are inciuded.
control input, rather than voltage, ol
determines the gain of the amplifier. BIAS  DIODE  INPUT  INPUT BUFFER BUFFER
Thls iS achieved by SImply addlng INPUT BIAS (+) (=) OUTPUT +V INPUT  OUTPUT
resistors (R15 and R25) in series with T " ,4 - ) e » 5
each control input so that the current
flow is proportional to the applied <
voltage. Resistors R16 and R27 apply a
small bias current to the control inputs; >
this gives the ci:_uit about -20 dB of -
gain (ie, 20 dB attenuation) in the high
attenuation mode, rather than >
completely cutting off the output
signal, which usually gives more
satisfactory results. The circuit can be
made to operate as a true gate, if
grée;erred, by simply omitting R16 and  Figyre 2. Pin
: . configuration for the 5
The LM13600N incorporates two LM1gGOOd | ¥ & 3 4 5 g 4 2
Darlington Pair output stages which are Ha
used as emitter follower buffer stages, transconductance s GODE  RUT wRuT outeut -V BRREYT QUTROT
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Figure 3. Overlay diagram for the Noise Gate.
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impedance. R21 and R29 are the
iscrete load resistors for these stages.
The LM13600N has ‘linearizing
diodes’, which enable a higher input
signal level to be handled for a given
distortion level, and these diodes are
given the appropriate bias by R17 and
R28.

In order to operate as a voltage

controlled amplifier, a trans-
conductance amplifier must be used
open loop (ie, without any negative
feedback). R1, R2, and C1 form a
centre tap on the supply rails and the
inputs . of the two transconductance
amplifiers 1C3a, b, biased to this
voltage by R18,19,23 and 26. R13
and R22 are used to reduce the voltage
gain through each section of the unit to
about unity (with a high control
voltage), and also to boost the input
impedance to a little over 12k.
The mixer stage is a conventional
operational amplifier, IC1, and gives a
voltage gain of about 47. Threshold
control RV1 is a volume control type
attenuator, and the output from this is
coupled to a high gain common emitter
amplifier based on Q1; the combined
gain of Q1 and IC1 is needed in order to
boost weak input signals to a high
enough level to drive the subsequent
circuitry.

The output of Q1 is coupled by C6 to
a simple rectifier and smoothing circuit
(D1, D2, C5 and R8) and RV2 controls
the decay time of this circuit. Op-amp
IC2 is used as a simple inverting trigger
circuit, with positive feedback and
hysteresis provided by R12;

‘hysteresis’ simply means that the input
voltage at which the output triggers to
the high state is lower than that at
which it triggers back to the low state.
This prevents instability when the input
voltage is close to the switching
threshold levels. D3 and R14 are used
at the output of the trigger to very
slightly slow the rise-time of the control

voltage, and to provide a slightly larger
slowing of the fall-time. This prevents
“‘clicks’’ from being introduced at the
output as the gate changes. state.

Construction

An aluminium and steel instrument case
measuring about 152 x 114 x 44 mmi s
used to house this project — it is about

BATTERY +V
(RED LEAD)

b A ¢
D § ¢

SW1

Y
PCB PIN

SK4 SK3

JIGND) K(SIG) I(GND) H(SIG)

SK2 SK1

G(GND) F(SIG) D(GND) E(SIG)

Figure 4. The intemal wiring and connections inside the case of the Noise Gate.
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the smallest case that could be used to
accommodate all the parts. The three
controls are mounted on the front panel
and four sockets are fitted on the rear
panel of the case.

Apart from the battery, all the other
components are mounted on the printed
circuit board, and this is detailed in
Figure 3. As IC2 is a MOS device, it
should be fitted in an 8 pin DIL IC socket
and the normal MOS handling
precautions should be observed. Use
Veropins where connections to off-
board components will eventually be
made.

The completed board is mounted on
the base panel of the case using 6BA
fixings, including 6.3 mm spacers to
hold the connections on the underside
of the board clear of the metal case.
The unit is then completed by adding
the point-to-point wiring, illustrated in
Figure 4. Ordinary PVC covered
multistrand connecting wire is used
here; it is not necessary to use screened
leads.

In Use

The unit is intended for use with a high
level signal and can take inputs of 2
volts  RMS or so without serious
distortion occuring. The threshold
voltage at which the gate switches to
the unity gain (zero attenuation) state
can be varied from about 1 mV RMS
(with RV1 set fully clockwise) to about
70 mV RMS. The best setting is likely
to be such that the noise signal alone is
not quite sufficient to trigger the circuit
to the zero attenuation state, but it is
worthwhile experimenting a little to find

the setting which gives the best
subjective results.

The circuit will respond very rapidly
to an input signal {fast attack), but the
decay — the delay between the
cessation of the main signal and the
gate switching to the high attenuation
state — can be varied from less than a

RESISTORS
(All ¥a watt 5% carbon)
RlP2 o'z | ;o ! R AR 5k6
[BE06 on ™ R 44 o - - 100k
RS S e | U R aM7
R6! .. .cw. 0. .EABL - - B 47k
BUSU2 D8 e, N 1M8
R8720,24) 1nd 54 . wIE . ;RS 10k
EOEN . . B 4k7
BUlO"Sacla. A . L sl TRL 470k
BIRGEN: o 2 .k aglomEE ™M
Rill3,22 ... . .4 B L. 8 12k
17 G A Y s s - 1k2
R15,17,25,28 .......... 15k
BMNGR27 o 7 hd 0 kb - Tk 220k
R18,19,23,26 ......... 390R
RIZI2I9E - < ol AR N RS 3k9
POTENTIOMETERS
Y SR PR o0 o+ - 22k
log carbon
RY2 1pmy. ! .08 8a e 1M
linear carbon
CAPACITORS {All axial
electrolytics unless noted)
ClL AT N 100u 10V
G208 L, ] e 100n
C280 polyester

Parts List

tenth of a second to more than two
seconds. A fast decay time will often
give best results, but it might
sometimes be found that the gate tends
to switch back and forth between the
two states fairly rapidly; a slightly
longer decay time should eliminate this
problem.

CAs5r8I m. swr AN A s R 2u2 63V

(C(c, W p— & 1u63V

(CUAUCE TN ey - 4u7 63V

CORIM o2 . oD a s 10u 25V
SEMICONDUCTORS

G st . L. .. el LF351

JFET op-amp

(Co) T ——— T 3140E

MOSFET op-amp

1IC8k s ammawE 36 - il LM13600N

dual transconductance amp

QY owep oD Ja- - B EE BC109C

silicon NPN transistor

DN=4%, my . < THrel JERE 1N4148

silicon signal diode

MISCELLANEOUS

SK1-4 .. ....... % " jack socket
standard metal chassis type
SWI e . ki s S Bl o SPST

‘miniature toggle switch
Case (see. Buylines); PCB; 6BA
nuts and bolts; Veropins; IC
sockets; knobs (2); PP3 battery,
clip, wire, solder etc.

BUYLINES . ..:0. caaf -

How It Works

THIS Noise Gate design is a stereo type
which uses a separate VCA (voltage+
controlled amplifier) to process each
channel. With a low control voltage,
each VCA gives a substantial amount of
attenuation (about 20 dB — a 90%
reduction in the signal voltage, in other
words). A high control voltage gives
unity gain (zero attenuation) through
each VCA and the input signal is
effectively allcwed to pass straight
through.

Automatic : switching — to zero
attenuation in the presence of a proper

input signal but high attenuation with
only noise applied to the input — is
achieved by first mixing the two input
signals and then amplifying them. The
amplified signal is then applied to a
rectifier and smoothing circuit to
produce a DC output level proportionat
to the strength of the combined input
signals. this voltage is fed to a trigger
circuit which has a high output voltage
'if the input voltage is above a certain
threshold level, and a low voltage if it is
not; this is the control voltage for the
VCAs.

The circuit is adjusted so that with
only background noise present at the
input, the voltage fed to the trigger
circuit is below the threshold voltage
and the VCAs give a high attenuation
level. With a high input signal, in

' addition to noise, the input voltage to

the trigger circuit goes above the
threshold level and the VCAs ‘open’
producing zero attenuation. Thus the
required automatic attenuation of the
noise-only input signal is obtained.

LEFT

P (e VCA —O LEFT OUTPUT
MIXER ‘AMP —Pp—— TrRIGGER ——T
/ l/ RECTIFIER

RIGHT P

il VCA O RIGHT OUTPUT

N
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SUPERIOR QUALITY CARBON

FILM RESISTORS, MI STAS
LOW NOIBE
%W 1002- 1M 5% E24

%W 10§-10MQ) 6% E24
1W 1002-10MQ 5% E12
2w 10§1-10M(] 5% E12 1

METAL OXIDE/FILM
RESISTORS

Very high thermal & electrical

stability. Extremely low noise

0.4W 1013 1M1} 2% E24
0.4W 1002- 1ML 1% E24

| Probsbly the
Isrgest retail
voriety n UK.
It you don't
see what you
want please

HP? (JAH} 991§ phone or write
+
. ]

112 Core

0 (Smaill 86pl
| NoST (Med)  86py | 2N3427

{Post inc. prices)
Towers PFA 100
TFransistor PFA 200
' 10,000 mF BOV
TTLOata  3.95,F 4
Data conversion

Intectace Data

Memory applic.

750 UHF
750 VHF
30012 Flat

Verobloc 399p || 40 Way
POWERFET
AMP MODULES
FROM
| PANTECHNIC
now svailable
trom LONDON.

BOOKS Ina VAT {

Manual (Bible]
10.50

450 |
Volt. Reg. Data i
3.9

850
Aariel Cable NE
500 AG58A 2

Rainbow
Ribbon Cabie

LOW OHMIC VALUE RESISTORS 2N929 36p
(%WOR %W} 2N329A el |
0.220 8.202 E12 1p gzgggA x i
WIREWOUND RESISTORS 8% 281893 30p |
2.3W 0.2203 - 3308 EN2 280 N 150
4.7WO0.479) - BKBE12 N2 7.4
10-11W 1.062 - 33K €12 7 2N2102 ::
2N221
IN2218 g’
Quelity NRIA T Ze
€3 Serins N2 275
4 7K 2M L 120 | By Matsushita or Siemens IND2I9A 280
(ather good makes may be sent only | | 2N2220 220
in the rare eveni of supply dithculty) 2N2221 22p
AXIA MN22A 2%
ofd v 222 20
a8 M2222A  p
yo 0 Low Voltage ||2n2223 2.60
WA l“n % 2N2§‘2)3A 4.16
N2303 o
AT caps. (1 1® 8o [|2N2368 2
5% or better | | 00 2N2369 19p
22 B T |12N2369A 18
22 & 7 fi2N2 A
22 100 8p | 2N2647 .y
22 30 9p | 2N2904A  2p°
f E 10p | 2N2905 280
33w 2N290SA 28
Pl e 4
250v |4 30p
N TaCTons 41 B 2307 280
12 a7 &0 2029074 26p,
rear 10087 % Ny
& N2 2
B2nF-1500F 10/ i 2 s ‘:|
% 7 bmm 100V 2N2! 1
cAncErrous :g 'g ZZNZSQZBS 10p.
1 ¢ N30
100nF-180nF 12p!( 2 F-1 b 2N3053 2%
220nF, 270nF 16p]| 22 L 2N3054
330nF. 390nF20p|( 2 83 23065 CSF #0p
470nF. 580nF 27112 10 2N3055RCA 80p|
1*:; 2 ,§N3|07 8o
WF (10mm) 6o N3108 a2
plete rengs (&7 6 280 950 1 2N3109 4
of other voltages g 'g lzugg 1.50
& spacings in N; 38p
PI s & 4 2N3251 380
dioo 16 el 0O o bansae e
Tanauw e 3w N e
N344 2%
BEADS 10 8 2N3442 135
1738V efliioo 100 opliy, 2N3442MOT 2.40
22135V pHiz0 10 16pf 2. 2N34da 1.70
33135V eflize 16 wipll 3 2N3445  480-
assy el = zela bendsl|| ZN3446  €.08
0r38y "D 20 0  28pll 5. 2N3447 5.72
22718V "D 0 63 0ol 6. 2N3448 6.561
32/38v P20 100 40 2N3468 1.00'
2y ™ e wmla 2N3512 1,06
EATVINE B - RS AR v
drsev il ez ol on]|2N3638 380
o 3;3“ o 10 2 280{| soove Jp 2N363BA e
eorsy  Zofloo & Bell Ser of 13 sheeust| INIE%4
/ Sollgo 63 43l e300 2N3702 1
10735V Mol 70 100 sop 2N3703 10p
1610V e 000 18 Wp 2N3704 10p
:gl;g x 1000 25 38 Cless Epony | 2N3705 1
A (1000 40  48oll Giass. For berter | 2N3706 10,
22/8.3V 260|000 63 than | 2N3707 10p
g;:g:’/ Rplizoo 16 Expose |2N3708 10p
380 {12000 28 2N3709 10p
47/6.3v 1m0 «© - 12N3710 10p
Dol 8 A
{47 18 t
4700 2% o [2M3713 Y38
% |2N3714 298
Wire & Cable N353
PVSA:-I per metre 2N3716 3.60
Iid Hook up 215, | 2N3819 210
Wire 00220 Zhiaaeo e
e o
. sTns
BT 4% ) Caeemey R 5
r e 2N3860 i
Stendard Vert Twin 2% ampite L) ’,‘&
5| 3Core2% amp - | 2higgee
Standard Horiz |/ 1 250 A
Lo O | RS IN3%0s .1:9
umbwhest or ore
%~ Spindle for =l N304 15p
Pre- ' e + spacenib  S0p ’2N39°5 :2
e onty %o _3Cor¢ ;n:gge i
T C280 o Equv © | 8Core
v R | 1zicore ' 12na032 4
Radial Lon 50 Core €240 15W) 4 58f | 2N4038
i 2N4037 &
Leads Screaned Coble 4.99- 1504239 1.00
| Lok Gl 2N42e0 3100
» 330k ‘Stereo 3 =
4InF 680F, | MiniSingle ey o lEEY
9p' |'Mini Stereo  15p || X25 Element 2.08 | 5000, 5
150nF, 220nF, |14 Core 4 Scraens W | 15t
4p %0 | 2nas 30p
t4 Core 1 Scroon IN4403 i
s4p 0,1 284405 36p
8Core 2N4430 a2
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40 Cricklewood Broadway, London NW2 3ET. tel 01 452 0161 tix 914377

This is a small list from our vast stocks. Full price list free on request. You may order
by phone quoting Access, Visa or American Express no., or by normal mail order.
Callers weicome. All in stock items (95% ex stock) go out same day. Please add
16% VAT & 70p p&p. Govt Depts, schools, etc. orders welcome. Overseas orders
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no VAT but allow extra p&p. Qty discounts negotiable.
[ VN10KM BRIDGE  JUMIBTT &M~ grcmos | | FALSTTL
VN4GAF RECTIFERS Ln"’” 43N 1000 i 100|| 7400 Vilasg p| 741500 1
VNEGAF 7PV shown in JLMIBSE 7,44 ) 4001 100|| 7401 1ip| 74Ls0Y Wo
Zrx07  opi|  oracke  JLMIBES 377 [l 1tp [ 7402 1p) 741502 11p
ZTX108 10pd} 13 amp type LM;%;N 2.75 |t ao06 7403 741503 12p
ZTX109 100| wot (100t 200 HMZD0TNE 260 flaoo? 150 17404 12| 74504 12p
ZTX300 13l wo2(2000 280l 017N 1. if 4008 Doll7405 e[ 741805 12
W4 400l oliypryin 138 20t 7. 18pf 741508 2
| WOB (800} 40w ||y qy 280f 4010 24p 1 7407 16p] TALSIC 120
NEsdaN  1sof 40 1004 7408 1ug] 24ts11 2
2amp type NESS5 16p J 4012 15p 7409 1apf 74L812 12p
Square with hole [1\jerch 4013 2007410 o) 261513 %
S01(100) 37l NESSe B s01a 46p 7411 16p
(5021200 40p | Nesso 325§ 4016 297412 140
) S04 (400)  40p |iNESS? a0 4018 20047413 16p)
S081800) 550 |{NESES 118 [ 4017 E5S e s
6 amp iyPe NE5661.49 g el EAIL 19
| Square with hole | xg% ;:g ;g “ ;:% :;:
| PWO01 (100} 50p{f NEST1 3.76 || 4021 390 #7421 20p!
|PW02 (2001 78p|| NESS34a 128 || 4022 39017422 20p
400l pwoa (400) BSp|| PLLOZA 486 ﬁgi g: ;Agg
PWO06 {600) 90p{| PLLO3A  12.78 4 [
Mol _IIRCa136 58p |1 4026 12p 7426 1:';
25 amp type {TBAS00 2.97{1 4026 Tip | 7427 18p
Metal clad with ||} TBAS00Q  3.11]| 4027 20p §7428 18p
Setinole TAS10  2.95[|4028 37p 7430 “p
K01(100) 2.20{|! TBAS100  3.05| 4028 43p #7432 170
30pF K02 (200)  2.30}|| TBA520 2.87)| 4030 14p § 7433 21p
K04 (4000 2.80}[ TBAB200  2.76{{4031 11987437 19p
K06 (600) 3.40[(| TBAS30  2.85{4032 80p 7438 19
———l TBA50Q  2.76(|4033 12007440 150
Proprietory Teasa  2.72((4034 12917401 [
Brid il TBas400 274 || 4036 s3p 87442 2
8a081500 1.20]|TBASS0 32814036 24907443 &0
3700 1.00'[TBAS50Q  3.27¢ 4037 1.30 7444 6bp | 741580 1.2
1N4003 Pl BY164 S6p | TBASG0C  2.67) 4038 99p 7445 a6p § 741883 Tp
1N4004 S{pdi BY179 92p || TBASTO  2.37] 4040 40p 7446 sop | 741588 3%p
1TN4005 = TBAS70Q  2.48§ 4041 40p 37447 3op | 741586 18p
1N4006 6{pll ZENER DIODES |lTcamo 219} 4042 39p | 7448 w0p { 741590 22p
1N4007 Bl 400-500mwW | TCAsd0  v.e9]4043 16p J7450 155 | 241592 Zp
14009 20p|  E24Senes |iTDA0G2 1M 4 41p 7451 15p § 741583 240
1N4148 80l|2.4-47V 8o 'llivpatoos  3.eaf 4045 99p 17453 16p § 741595 ol
1N4150 18— A1004  2.87§ 4048 Mp 17454 14p Jf 74LS96 50p
N44ag 22p411.3 Watt A1005 3940 4047 wpfl7460 ¥6p § 7415107 20
1N4517 22p| E24 Series TBAI010A 2.25] 4048 9p 87470 100 745109 Zp
1N5172 p]3.382v 1601 TDAT Tl 400 2pha72 25 790811 p
1NG176 4p)  ToAloza  3.1844050 zokana Zolrasis 2
1N5400 12 2.6 Want | TDAZ610 35014081 upllra7a fepJ7atsus 20
INS401 13p| E24 Series TDA2611A 280 | 4952 anl7476 748122 2p
muoz 14p§7.6-75v 1.10 |luaaT70 . 169 :ggg gv ;m 2 ;:t 33 &
5403 150} - i p B7480 20p
INSdos  16pl  NEWOPTO |luikzes  seu] 4058 83p 7481 1i9f 748128 24p
N5405 7p}  OEVICES  liupcsrsce 2.6 § 2958 89p §7482 63p | 7418126 Zp
1N5406 180 | Now LEOS UPC1156 278 4059 4.5 7433 38p § 74L8132 3p
INSA07  19(l100, in siock xra208 2% 4000 - [T sl se | 2
INS408 200 n o rag i ] 4062 790 7485 sonq 745138 24
1N5024 82916 u groen ZNa18 2.2 4066 220 #7486 e § 7418138 TP
1N5625 60p'y - Voow N103a 1] 087 2207489 1704 74LS145 700
R BT (B SlEs ks Shind 2
ZTK22 35 !
1544 ¥ S5 0L 4070 13p §7402 fod F2TETIN
PR e e EA 1 2 ] [
BA p [7434 2
BAIID  A0pY 5oog o, 12011 1602 7.001 4073 130 $7455 % hrasiss =
B Blaeeolme gl LR Els 2
BA142 20 o 17497 5 |
BA14S i [T K 274 4077 130 |74100 Eodrasiss 20
BA155 180 Micro 0.1~ esog 2.8 4078 13p §74104 s0p J 74LS160 p
mE ELRCn mlmE tgen ghte  shios 2
B L - 1 S
BA158 %S0 Zo Zeflsoeo  omllaoss prd Eotyds 2o 7aisies o
BA159 2ok 41 ge ciosr BOggA 2.78]| 4086 53p §74109 6, §74L8164 40p
BAIB2 wplpec 120 0p s}-' 4089 120174110 29 ;:'- 165  S0p
BAZ01.  18efGsC T 130 | 9930 210 || do0a &3 B oo fliisies  m
A202 2% v 170 W [lsepmp ey e 63p 174118 s3p 2 bl
BAI16 250!| Super bright g 4 Tpl74119 s7p f 74517 op
BAN7 2501| Uarge 1100 280 98 34096 70p f74120 58 "'[5‘73 Sp
BA318  30p|| umes brghisl 3 o By Ered |27 =S =
BAVI0 160 ncluding [ 3098 740 (74122 a0y JETSIAR
Bl 1 Curport. | % epan g Py
BAV20 150 ADCO&:)ORT For higher 74125 30p fLolos .
R TR o i, A =3 Bt
gl T AbComr 1o.0a] " eub s pfrasis2  p
BAX16 $1p ~ .08 subatituts 74132 28 7415183 370
BY126 20p 5.2376 5.90 TAC for &0 74136 2o S P
BY127 29 cursss  doa]  wrefixsg {4121 s 7415194 2o
BY134 82 0ol 40107=74C107 [74142 I3 S p
By 182 128 INS1771  20.00 74143 1.96 ] 748196 46p
795} RO2513LC ‘6.ewi] 46 CMOS 4144 1 7418197 a8p
AL ) RO2513UC  7.50)| 4502 s0p 5 7a5221  sop
BY2GS = SAA 3.001]4503- ] Eothd] 2o 47405240 e
8207 3891 SAAS010  7.10|4507 Fo Lehed o fras2er s
) Uz SAAB012  7.10)(4508 1.19 152150 7405242  SBp
BY297 4sp 8.3 oo b.sof| 4510 65 40 §2415243  sbp
S S5l | SAA5030  9.00§( 4511 Py Lodi sz 3
Mz2361 180 SAAS040 16,00} 4512 290 172154 To Rrais24s 7
palo 70p[CA3049 3210 5xa5041 15.00(| 4514 110)74es o |asza s
2A87 200(CA3059  2.80[ SanB0s0 6 80]|4518 viofrse o |ras2s =
QA0 10p { CA3060 4,¢|SM5‘M 8 4518 50p 454167 7415249 sbp
0A%) 100 f CA3090AQ 3.7 TMSEO11 3‘§ 4618 9 174159 X0 f7aisasy  0p |
QA95 20p | ca 3130 ©ip} 8726 1.35,] 4519 2p 194160 R 7405263 Xp
0A200 20p§ € 139 18728 1,351/ 4520 8p 174181 aop ] 74L5257 2p
0a202 200 10 iz 138) 4521 900 |7a100 Jal8758 T
= ca3140T 1350 4526 sop |712 S Nrasms s
BR100 aop| HATSGEW BILS9 op!|ea] 5% 174164 wp §74L5280  #p
= HAI388 811596 120 P 174166 wp 7415266 18p
(LC7120 2.2l 910597 4532 69p 74168 ap jl7sa3 8%
I WLC7130 81LS 30p |1 4534 LE-1 Pt 7452715 1.2
TF361 Jop8ILsss  120ll4636 28 (74170 3 H2as2%0
Pl 8522 39 74172 250 200
e 6532 596l 438 %0 {4173 @ || 7415280 %69
tgss rd :gﬂg go 74174 sap [} 7415283 40p
56 H155 2 1 it wp 795289 470
LF387 e 22874178 = Pr4LS25%0  4ep
tmasgN  &p[tBOACTC — 2.851 asss 7 o f7asze  aop
[ M349N Z0ADART lm] 4550 74178 ooy [ 7415205  TBp
TIC106a 48pd (MIG0K 4%} ZmOAPIO Y Y 18 74180 ) B
TICI068 47p{ |ni3soNts  Thg| INAZSEB  3.38] 4569 b o L5 Boisa3 188
oa TICI06C #8{ (3a0Ng  150| vOLTAGE | 4584 : o hraisie  1e
TICI06D 630 [ M3g1AN  2:26| REGULATORS | 4585 ™ 0 Krasazs 2%
TIC106M 680} | M3BIN 140 — Positive — (I < Selusaze 1
JimM382N T2 100mA MEMORIES 8 | 203327 230
Jiciiea oo LM3ssT 340 7miosa  doell 20} jaisu47 o
lga 1IC1ISB 880y Im3gan  1.40] 7BLIZA  30ol| 210! s Lol raisaas mse
8A TICVI6C TM0i pa3gent  6p| 78L15a4  30p|| 2102AL2 pd R ™
TSI 13 Lm3seha 1201 78L24a  Sopl ZMIT S o frass
| B0p [ m388N  243| 1AmpT0220 (2114 (2000180 S luse: 13
o Ji (m3sineo 10| 78057 39, 253. 745365 299
TiCizsA 12l Maoingo 193] 78121 3| 270 o hrersses 2o
Ji€i268 Ml iwzack 121} 78181 30| 2716 150 w ll7ais3e7 290
LM723CN  40p 4T 38y 7415368 2p
Ticizeo Toflimazscn  340{  ~Negative— T8 [rasam  sep
LM725CN 3194  100ma Togz | 4060 ) /4LS378 (=
TRIACS LM733 6%p 1 79005 ‘sp { 4116 (200n3) 7405386 114
Texas 400V | m7a1CH  96p{ 79112 sop | 41183 3.8 74H00 1.45 | 7415390 46p
10220 Case LM741CN 150 | 73015 5oy | 4164 74101 e | 7408393 4
TIC206D(4A) 6608\ M741CN14 80p | _ YAmpTo220 © § 6204 7.6 74104 1.56 | 7418395 -
TIC225DI6A) 74p | M747CN  68p | 7905T °  44p 6116 4.8 74H05 156 || 741533 190
) TIC226DIBA) 630 myagCH 100 | 79127 aap | 6514 74H10 1.45 [|74LS3%8 2%
TIC236D(12A) | m748CN  3Bp | 7915T 44p1 8810 1.9 76H11 1.46 || 7415399 19
1.18]1 M1303N  1.20) 79247 aag [ 7489 43 741120 1,46 [ T4LS44S o
| ticasspiieal limzoan 250  zemo | 74189 4 7421 1,48 |} 7405450  2.20
122 m130sN  310.| INSEATION | 74LS289  3§74m30 145 ) 74LS540 180
,TICZSJDINA‘I LMI30IN  2.75|| OIL SOCKETS ;:'[?5:3 23 74H40 1.56 [| 7415541 "
LMI310N  1.48! 24 pi X)) 74451 176 [ 74580y,
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Specially designed to let Grandad hear the telly clearly without
annoying the rest of the household, it will also double-up as a
general-purpose bench amplifier.

ALTHOUGH we loved the old man and
owed him a lot, Grandad was becoming
a pest with his complaints that he
couldn’t hear the TV sound. For a while
we did our best, though the volume
was painful, but something obviously
had to be done about it — if not for
ourselves, then certainly for the sake of
the neighbours! Fortunately our TV set
is a modern one, with two headphone
sockets built in, so when we bought
him a pair of ‘phones, we thought the
problem had been solved — but it
wasn’t long before he refused to wear
them because he didn’t like the voices
"*inside his head’’ when they should
have been coming from the screen.
Anyway they became too
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INTENSITY LEVEL
(a8}

NOTE: 0dB = 2 x 105pa

SENSITIVE
REGION

64

T T T T T 1
256 512 1024 2048 4096 8192
FREQUENCY (Hz)

Figure 1. The response curve for the
average person’s sense of hearing (after
Fletcher and Muson).

uncomfortable for him, after an hour or
two. Another solution had to be found.

Grandad wasn’t really deaf; he did
not need a hearing aid, as he could
carry on a normal conversation, but he
did find it difficult to follow
conversations on the telly. Strangely, it
seemed to us, he preferred the sound
from a small portable set to the one
with full range hi-fi reproduction.
Indeed, several factors seemed to be
involved, some of a general nature and
some peculiar to the elderly.

The diagram of Figure 1 shows the
average frequency vs intensity
response for an average person’s
hearing. Clearly, the energy required for}
a sound to be just audible varies greatly
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NOTES:

IC1 1S LM380

Q11S 2N3819

LED1 1S TiL211

T11S 6V 100mA CT TRANSFORMER
BR1 1S 1A 50V BRIDGE RECTIFIER

oV O

*PINS 3,45, & 9,10,11,12,13 ARE ALL CONNECTED TO OV.

Figure 2. The circuit; the input is high impedance adn will accept any audio input of around

10 to 50 mV.
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___ _Parts List_____

RESISTORS -

(All Y4 watt 5% carbon)

Bl . o o e 3 330k
R2,3 S e . e 3k3
BAMORrs . ot o g s b E e 1k
R0 e A 100k
POTENTIOMETERS

BRI .. A i e 22k

miniature cermet preset

CAPACITORS
(All radial electrolytic unless stated)
CUS,7 . ... .v v vnws e 100n
disc ceramic
G204 . ... g e 10u 16V
(G T WSS e 4u7 35V
(CEI g o o !....100u 16V
COEETI Y 1000u 25V

axial electrolytic

SEMICONDUCTORS

ISR, . A e . (B LM380
power amplifier

Of F el - 2N3819
FET transistor
BRSNS 50V 1A
bridge rectifier

LED1 . .. .. ........ .. TIL211

0.2” green LED

MISCELLANEOUS

SVVAIPL. Dl L . A SPST
mains toggle switch
111U 6-0-6 1.2VA

Crystal microphone; centre-tapped
transformer; speaker (see
Buylines); Mains 'P’ clip; mains lead
and plug (2A fuse); case (see
Buylines); % ” jack socket (plastic);
LED bezel; PCB, wire, solder etc.

BUYLINES . . ......... page 34

with frequency; very little sound
energy is needed if it is at the right
pitch, and the frequency range 2000
Hz to 4000 Hz is where the average
ear is most sensitive.

Anyone who has worked in long
range radio communication will know
that restricting the audio bandwidth to
between 500 Hz and 4000 Hz greatly
improves the clarity of the transmission
(especially in adverse atmospheric
conditions), and this seems to indicate
that, for speech, most of the essential
information is contained in that
frequency range.

Another factor, it seemed, was that
the elderly find it difficult to
concentrate on more than one sound at
a time. They are easily put off by
unwanted 'noise’ — this is as much to
do with the way in which sound is
interpreted (psychoacoustics) as with

26

the sense of hearing. Hi-fi-quality
sound, with its extended frequency
range, produces too much ‘noise’ at
the upper and lower limits of hearing
which, for the elderly, masks the
information in the mid-range
frequencies. So, simply turning up the
TV sound was not the solution because
the unwanted frequencies are also
boosted (this, also is why deaf aids are
personally tailored to an individual’s
frequency response curve).

Grandad’s Specifications

So, with these points in mind, we were
able to write a specification for
Grandad’'s TV amplifier:

® The output frequency must be
tailored to peak at about 2000 Hz,
with little response below 500 Hz or
above 4000 Hz.

® The output should be directional,
so that it could be directed at Grandad,
not at usl

® The output level to be sufficient to
allow it to be placed near the TV
screen, to give it realistic 'TV sound’.

The first step was to select a small
loudspeaker, which automatically
restricted the frequency response to
the specified limits and-also produced a
degree of directivity. Unfortunately,
the power available from a headphone
socket is not sufficient to drive a
loudspeaker, so an amplifier had to be
designed and constructed. A single
integrated amplifier, the LM380,
proved adequate for the job, especially
as it needs very few external
components.

The price of batteries being what it
is (expensivel), a simple mains power
supply was built into the unit, together
with an on/off switch and a LED
power-on indicator. Since most TV sets
do not have a headphone output, the
circuit was adapted for general use by
incorporating a microphone input. A
crystal mic (use a short lead, because
of its high impedance) is quite
adequate, or a more expensive electret
type can be used with a longer lead, if
necessary. Dynamic microphones
contain a coil which will respond to the
varying magnetic field produced by the
video scan, so they cannot be used
here.
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Project B
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TO SPEAKER

Figure 3. The PCB layout, viewed from the component side. Large areas of copper have
been left to serve as a heatsink for the LM380 amplifier.

Grandad's Circuit

The microphone will give an output of a
few tens of millivolts when placed
fairly close to the loudspeaker with the
volume control set for normal listening,
and this is fed via coupling capacitor
C1 to a FET amplifier, Q1. This
provides the high impedance input
required for the microphone and a
voltage gain of between five and six.

A 4u7 capacitor, C3, couples the
output of the FET stage to the preset
volume control PR1, and C5 couples
the signal to the inputs of IC1, the
LM380 amplifier. This has an internally
fixed gain of 34 dB (50Vout/Vin)}, but it
is reduced to 20Vout/Vin by using a
‘common mode’ input, where part of
the input voltage is coupled to the
inverting input of the amplifier via the
100Kk resistor, R5.

Capacitor C6, connected to the
bypass pin {pin 1) of IC1 de-couples
the internal bias of the amp, preventing
AC ripple on the output, while C7
performs the same function on the
supply line.

The output is fed to the speaker via
C8; together, C8 and the speaker voice
coil impedance form a high pass filter,
rolling off the response below 200 Hz
when an 8R speaker is used. The
speaker itself is the main factor in
shaping the frequency response; by
choosing a small 4” diameter unit and
monting it in an unsealed box, most of
the lower frequencies are attenuated,
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while the mechanical properties of the
cone ensure that frequencies above
about 4 kHz are also ‘lost’.

Finally, the amp is powered from a
simple DC supply derived from a
6V/100mA centre-tapped transformer
and a diode bridge; the ripple voltage is
filtered out by C9. LED 1 is included to
provide ‘power-on’ indication, with R6
to limit the current through the LED.

Construction

In order to improve the stability of the
amplifier (reducing the chance of it
becoming an oscillator), it is mounted
on a PCB which has a very large area of
copper. The unused pins of the IC are
soldered directly to these areas — do

-not use an IC socket in this projectl

This method also provides an effective
heat sink.

The layout shown in Figure 3 is
designed for a preset volume control to
be mounted on the PCB; should a full-
sized pot be required as a front panel
volume control, leads must be taken
from the PCB to the potentiometer
solder tags. The choice of preset or
variable volume control is left to the
constructor — perhaps the solution
depends on how many ‘‘knob-
twiddlers’’ there are in the housel

Grandad’s TV Amp can be built into
any enclosure large enough to hold the
components, including the speaker.
Our prototype was cased in a rather

classy custom-built box:from Newrad
Instrument Cases Ltd (see Buylines for
the ordering details); this also has a
pre-drilled hole for a panel-mounted
volume control.

Operation

The problem with any microphone-
amplifying system is the risk of
acoustic feedback, which will occur
whenever the mic is picking up sound
from the loudspeaker. Steps must be
taken to prevent this from happening!

First, the best position for the TV
Amp is on the floor, or on a low table in
front of the TV set, so that the sound is
coming from the same direction.
Second, the mic should be placed as
close to the TV speaker as possible,
but without actually touching it. Then,
the preset or volume control must be
adjusted so that, at normal listening
levels, there is no trace of whistling or
““howl round’’ from the TV Amp.

In most cases, this arrangement will
be quite satisfactory though for very
deaf people, it may be necessary to
place the Amp closer to the listener and
to use a longer mic lead. If such is the
case, a crystal microphone should not
be used. with a lead longer than about
three feet.
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CASIO macGic rom TEMPUS

WORLD’S FIRST THERMOMETER
WATCH :

NEW

TS-1000
ONLY £24.95

100m water resist
Full display
12/24 hour
Thermometer
Thermo alarm
Daily alarm

Time signal

Pro. stopwatch
World time

Resin case

WORLD’'S MOST

VERSATILE WATCHES

10 alternative displays —
over 60 useful functions

oIGITAL DATEKEEPING THIS MONTH NEXT MONTH

TIMEKEEPING

WATER RESISTANT

Rugged, go anywhere sports watches. Ali have a full display
of time and auto calendar. Alarm and selectable half-hourly
time signal. Countdown atarm timer with repeat memory
function, ideal for dinghy racing. Professional 1/100 second
stopwatch. Time is always on display, regardiess of display
mode. Amazing 5/7 year iithium battery life. 12/24 hour
display.

Except for the W-35, the stainless steel case watches have a
protective black bezel. (2-450, wW-450C).

50 metre water resistant

wW-23
£14.95

Please also the J-30 under Jogging
watches.

We a!sp stock Citizen watches and Casio,
Citizen and Seiko Divers watches.

IF YOU SEE A BETTER OFFER
WE WILL BEAT IT

ANALOG/DIGITAL
Analog time plus 12/24 hour digital dual
time, calendar, alarm, time -signal, pro
stopwatch.
AA-86 LCD hands. Also has C/D alarm timer
£19.95
AQ-101 True analog hands,
memory £39.95

GAME WATCHES
Calendar, alarm, time signal, pro. stopwatch

NEW

GOLF WATCH
CC-9 £17.95

plus date

When playing real
golf

Counts strokes at each
hole. Totals strokes
over 9 holes.
When.playing Game
Par for each of 9 holes.
Distance from hole in-
dicator. Select golf
club. Select direction
of swing. Bunkers and

RESIN

out of bounds. Stroke
counter. Memorises
lowest score.

GM-30
£19.95

GM-30 Destroyer/submarine sea battle
game.

GM-40 Catch blocks from UFO and build
pyramid.

GAME/CALCULATOR WATCHES
Calendar, alarm, time signal, pro.
stopwatch.
Popular DIGITAL INVADER game

CA-86
Resin
£19.95

ULTRA SLIM CALCULATOR WATCH
CS-821 Specifications as CA-851, beiow
centre, but without the game function. Only
6.6mm thick £24.95

MULTI-ALARM WATCHES

Daily alarm with pre-alarm; daily alarm with
post-alarm; weekly alarm (or extra daily
alarm); hourly time signal; Calendar; pro.
stopwatch.

CA-951 Calculator. 2 melody alarms.
CA-95 Resin version of CA-951 £19.95
MM-400 6 melodies. Monthly alarm or extra
daily alarm. Dual time. Time is always on
display.

JOGGING WATCHES
Calendar, alarm, time signal, pro. stopwatch.
Pacer signal for jogging and rhythmic sports.

J-30 50 metre water resistant. Countdown
alarm timer. Input data: Pacer signals. Out-
put data: Elapsed time. 37.7 x31.4 x7.6mm
thick.
J-80 Countdown alarm timer. Input data:
Pacer signals, length of stride. Output data:
Elapsed time, distance covered.
J-100 as J-50 but with calculator function in-
stead of countdown alarm timer.
STANDARD WATCHES
Calendar, alarm, time signal, dual time, 1/10
second stopwatch.
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FREE ACCESSORIES WORTH 10%
of price on request with all
CASIOTONE KEYBOARDS
The world’s fastest selling keyboards

GENERAL SPECIFICATIONS

All Casiotone keyboards {except VL-Tones) are polyphonic
— up to 8 notes can be played simultaneously. They all have
an integral amplifier and loudspeaker, plus output jacks for
headphones and external amplification.

DIGITAL SYNTHESISER

CT-1000P

£326

A RUNAWAY SUCCESS ALREADY
10 preset voices and 1,000 switchable sounds, with a pro-

tected memory for your 10 favourites. 5-octave split
keyboarc_IA programmable arpeggio/real time sequencer;
transposition. 4§ x 36 x 143 inches. 22.5lbs.

BAR-CODE PROGRAMMABLE

The 345 {max) note steps and 201 {max) chord steps can be
programmed by both Casio bar-coded music scores and/or
manusal entry via the keyboard.

The Auto Play function, One-Key-Play function and Melody
Guilde {lights above the keyboard show you the next nate to
play), can teach you to play your programmed selection.
“One of the finest teaching aids so far developed.” E&MM.

CT-701

£445

5 octave, split keyboard. 20 preset sounds with varlable
vibrato and sustain. Fingered or auto chords with bass and

arpeggio. 16 rhythm accompaniments with filkin. Two’
sound effects. 5x373 x 13} inches. 27.6lbs.

MINI-PROGRAMMABLE

MT-70

A portable mini keyboard version of the CT-701. 4 octave
(not split) keyboard. 10 rhythm accompaniments. Without
the two sound effects, it is otherwise very similar to the
CT-701. Battery or mains powered, with optional mains
adaptor. 23 x 25 x 7§ inches. 6ibs.

PORTABLE 4 OCTAVE EASY-PLAY

MT-60 -

25 voices with sustain and vibrato. 8 rhythm accom-
paniments with ‘Intro/fill-in’ function. Easy-play auto
chords, bass and arpeggio. 2§ %25 x 7 inches. 5.5Ibs. Bat-
tery or mains.

OTHER CASIOTONES

CT-403 £275. MT-40 £99. MT-31 £69. VL-56 £79.95. VL-1
£35.95. VL-10 £26.95.

Price includes VAT, P&P. Delivery normally by return, sub-
ject to availability. Send cheques, PO, or phone your AC-
CESS/VISA number to:

TEMPUS'::

Dept HE, 38 Burlejgh Street,
Cambridge CB1 1DG
Telephone 0223 312866
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——VALUE FOR MONEY GIFTS

FREE 1982/3 CATALOGUE
AVAILABLE ON REQUEST
Don'‘t forget —

IF YOU SEE A BETTER OFFER WE
WILL BEAT IT!

ELECTRONIC GAMES

CG-100 CG-20
Space Shuttle Money & Bomb
£12.95 £12.95

CG-10 and CG-20 are powered by solar cells and do not re-
1 quire batteries, Two very skilful games.

BG-20 Boxing Game

£16.95

’ - !
A new version of the |8 ‘q:’. ,..?‘u?.\s
very successful Po D,

BG-15. Now has a full
screen with the
calculator at the side.
Clock and alarm
functions.

MG-880  £10.95 MG-885
Digital Space Invaders

MG-777 3 games — A speed game, a game of skill and a
gsine of chance. Built-in clock function. £14.95
MG-888 (not shown) compendium of 3 games £10.95

ALARM CLOCK COMPENDIUMS

,BG-16 Boxing Game. Clock, alarm, calculator £14.95
FT-7 Fortune Teller, Matchmaker, Calendar £14.95
' BQ-1100 Biolator Alarm clock, calendar £16.95

MELODY ALARM CLOCK CALCULATORS

LB

1 L-:Jmﬁ.lm.:)%
g L;JE'"E__?C-.]E\;

UC-360 £19.95
date memories, 2 date

UC-365 £19.95
3 melodies, universal calendar,
alarms, daily alarm, countdown alarm/stopwatch, time
memory. UC-365 wallet size. UC-360 card size.

TEMPUS, 38 Burleigh Street, CAMBRIDGE CB1 1DG

PORTABLE COMPUTERS
Details on request

BASIC FOR BEGINNERS ~
CASIO ,
PB-100
Learn As
You Go
£69.95

Now you can enter the exciting new world of computers
with this easy to understand system.

FX-801P Casio’s latest masterpiece. A high speed computer
with mtegral micro-cassette data control and hard copy
printer monitoring .. -] £349
FX-700P NEW scientific QWERTY computev
FX-702P The established favourite .

SHARP PC-1500 BUSINESS COMPUTER...

SCIENTIFIC CALCULATORS

Dims: 19 x76.5x 149mm
FX-78d, 231, ((3))
FX-100 10d, 42f, SD, H/Pn((Sl)

Wallet size
FX-550 10d, 48f, SO, ﬁ/P ((6))

FX!X)Bd 41f, SD, R/P, ((15)) b
SOLAI 7.95
FXE%O IOd 491, SD, R/P, ((15"
H, b SOLAI

FX-8100 8 +2d, 46f, SD, R/P, {{5)}, H, b 1 year. Clock,
calendar, 1/100 stopwatch, alarm, hourly chimes and 2
countdown alarms. Wallet size £19.95

PROGRAMMABLE SCIENTIFICS
Wallet size, with wallet. Non volatile memory
FX-3600P 10 +2d, 50f, SD, R/P, {{18)), Integrals, Regres-
sion. 2 program areas, is program steps, 7 memories £22.95
FX-602P Plus FREE Program Pack worth £9.95............ £69.95
10 +2d, 50f, SD, R/P, {{33)). 10 program areas, up to 512
steps, up to B8 memaories. Alpha/numeric.

SINCLAIR SPECTRUM SOFTWARE

Professional quality software from MICROL
USE AND LEARN Vol. 1 25 BASIC PROGRAMS on
cassette tape plus SUPERB 100 PAGE BOOK £9.95
USE AND LEARN Vol. 2 30 MACHINE CODE ROUT|NES
On tape plus 50 PAGE BOOK £9.
THE DATABASE The best? 48K only £9. 96
THE SPREADSHEET The best? 48K only...... o .cec..unu £9.95

BE AN AGENT
Sell our products to your friends
and family and earn yourself
10% commission

Please supply/send details of

I Total£ ..o enclosed, or debit my ACCESS/VISA card number ..

I Address
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YOUR GUIDE TO THE WORLD
OF MICROPROCESSORS

MICRO-PROFESSOR

Alow cost tool for learning,
teaching & prototyping.

MIicro-Professor is a low-cost
Z80 based microcomputer which
provides you with an interesting and
inexpensive way to understand the
world of microprocessors.

Micro-Professor is acomplete
hardware and software system
whose extensive teaching manual
gives you detailed schematics and
examples of programme code. A
superb learning tool for students,
hobbyists and microprocessor
enthusiasts, as well as an excellent
teaching aid for instructors of
electrical engineering and computer
science courses.

The Micro-Professor is much
more than a teaching device. Use it
for bread boarding and prototyping,
designing your own custom
hardware and software applications
with Z80, 8080 and 8085 compatable
code.

The standard 2K bytes of RAM is
expandabie to 4K, and the standard
2K bytes of ROM can be increased
to 8K.

All this plus built-in speaker, a
cassette interface, and sockets to
accept optional CTC/PIO. Bus is
extendable.

As weli as being an exciting
learning tool, the Micro-Professor
is a great iow-cost board for OEM’s.

Flight Electronics Ltd.

Micro-Professor

£7995 «h_

EPB-MPF EPROM
Programming Board
£84.95 + p&p

For all + 5V IKP/2KB/4KB
EPROMS Read/Copy/List/
Verify Capabihty.
SSB-MPF Speech
Synthesizer Board
£69.95 + p&p

A vocabulary of up to 400
words based on the TMS
5200 chip.

PRT-MPF Printer

Board £74.75 + p&p

Memory dump
BASIC program listing Micro-Professor s a trade mark of Muititech Industnai Corporation.
280 disassembier 280 is a trade mark of Zilog Inc.
Complete the coupon today! Please allow 28 days for delivery. HE
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