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OVP POWER AMPLIFIER
P POWER AMPL'FIER MODULES Now enjoy a

ide reputation for quality, reliability and performance at a realistic price. Four models
available to suit the needs of the professional and hobby market. i.e, Industry, Leisure,
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible
Supplied ready built and tested.
OMP100 Mk Il Bi-Polar Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%,
S.N.R. —118dB, Sens. for Max. output
500mV at10K, Size 355 X 115 X 65mm.

world-

NOTE:

Vu meter. Open and short circuit proof.

PRICE £33.99 + £3.00 P&P.

MODULES

PRICE £39.99 + £3.00 P&P.

OMP/MF100 Mos-Fet Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
80, Siew Rate 45V/uS, T.H.D.
0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 x 123 X 60mm. PRICE

Typical

PRICE £62.99 + £3.50 P&P.

OMP/MF200 Mos-Fet Output power 200
watts RM.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Stew Rate 50V/uS, T.H.D.
0.001%, Input Sensitivity 500mV, S.N.R.
—130dB, Size 300 X 150 X 100mm. PRICE

Typical

PRICE £79.99 + £4.50 P&P.

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

Typical

os-Fets are supplied as standard (1 00KHz bandwidth & Input Sensitivity 500mV). If required
P.A version (50KHz bandwidth & Input Sensitivity 775mV). Order — Standard or P.A

Louds

POWER
8" 50

12”710

- £30

10" 6

LOUDSPEAKERS 5" to 15"up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie

S.A.E| (28p) for free details.

case. with tinted acrylic front. Size 84 - 27 ~ 45mm.
PRICE £8.50 ~ 50p P&P.

peakers available including CabinetPlans. Large

RANGE

ATT R.M.S. Hi-Fi/ Disco.
agnet. 11"
ens. 92dB. PRICE£10.99Available with black grille £11.99 P&P £1.50 ea.
WATT R.M.S. Hi-Fi/Disco

Vu METER Compatible -with our four amplifiers detailed above. A
very accurate visual display employing 11 L.F.D. diodes (7 green, 4
red) plus an additional on -off indicator. Sophisticated logic control
circuits for very fast rise and decay times, Tough moulded plastic

ally voice coil. Ground ally fixing escutcheon Res. Freq. 40Hz. Freq. Resp. to

agnet. 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res

req Resp to 4KHz. Sens. 95dB. PRICE £28.60 - £3.00 P&P ea

McKENZIE
85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco.
2" ally yoice coil. Ally centre dome. Res. Freq. 45Hz Freq. Resp. to 6.5KHz. Sens. 98dB. PRICE £28.76

P&P ea.

12" 85| WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone.
Res. Freq. 45Hz. Freq. Resp to 14KHz. PRICE £29.80 - £3.00 P&P ea

15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally yoice coil. Die-castchassis. Res. Freq. 40Hz

Freq.Resp |04KH1.PRICE[54.99~ £4.00P&P ea

WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2" voice coil. Res. Freq. 76Hz. Freq. Resp.to 7.5KHz. Sens. 99dB. PRICE£19.15+ £2. 00P&P.
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco.
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £61.00 + £3.00 P&P.
15" 200 WATT R.M.S. C15200 High Power Bass.

Res. Frleq. 40Hz. Freq. Resp. to 5KHz. Sens 101dB. PRICE £69.45 + £4.00 P&P.
15" 400 WATT R.M.S. C15400 High Power Bass.

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £85.00 + £4.00 P&P.

8" 15

1
1
1
1

1" voide coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz
0" 300 WATT R.M.S. Disco/Sound re-enforcement etc.
,,” vdice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB PRICE£33.49 + £2.00 P&P ea
* 300 WATT R.M.S. Disco/Sound re-enforcement etc.
1, vdice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE£41.49 + £3.00 P&P ea.

WEM
5" 70 WATT R.M.S. Multiple Array Disco etc.
1" voide coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz

WATT R.M.S. Multiple Array Disco etc.

Sens. 89dB. PRICE £19.99 + £1.50 P&P ea.
'Sens. 92dB. PRICE £29.49 + £1.50 P&P ea

SOUN
5" 60 b

1
6," 60
8" 60

Price

profe:

S
RE
R

FM| MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 657 x 46 x 14mm (9 voit)

3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied

(12 |volt) Price: £14.49+ 75p P&P.

INGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
EIVER 27MHz. Range up to 500 metres. Double coded modulation.
iver output operates relay with 2amp/240 volt contacts. Ideal for
many applications. Receiver 90 x 70 x 22mm (9/12 voh). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29
P&P + 75p each. S.A.E. for complete list.

LA B (Full Range Twin Cone)
ATT R.M.S. Hi-Fi/Multiple Array Disco etc.

WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
ATT R.M.S. Hi-Fi/Multipte Array Disco etc.

PNHOBBY KITS. Proven designs including glass
[E@fivre printed circuit board and high quality
components complete with instructions.
1£8.62 + 75p P&P.

ssional performance. Range up to 3 miles 36 x 84 x 12mm

alamiy POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL

VISA

ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
| BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
- VISA/ACCESS/C.0.D. ACCEPTED.

3 watt FM
Transmitter

“ voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea
1"'voice coil. Res. Freq. 56Hz. Freq. Resp to 20KHz. Sens. 89dB PRICE£10.99+ £1.50 P&P ea.

11" vdice coil. Res. Freq. 38Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £12.99 + £1.50 P&P ea
10" 60 WATT R.M.S. Hi-Fi“Disco etc.
11,” vojce coil. Res. Freq. 35Hz. Freq. Resp. to 16KHz. Sens. 89dB. PRICE £16.49 + £2.00P&P

EXN

* PRICES INCLUDE V.A.T. ¥ PROMPT DELIVERIES * FRIENDLY
SERVICE * LARGE S.A.E. 28p STAMP FOR RRENT LIST

BURGLAR ALARM IDEAL for Work-

Better to be *Alarmed' then terrified. shops, Factories,
Thandar's famous ‘Minder' Burglar Alarm System. QOffices, Home,
Superior microwave principle. Supplied as three units, etc. Supp lied
complete _with interconnection cable. FULLY : A
GUARANTEED. ready built.
Control Unit — Houses microwave radar unit, range

up to 15 metres adjustable by sensitivity controlv[
Three position. key operated facia switch — off —test

— armed. 30 second exit and entry delay.

Indoor alarm — Electronic swept freq. siren.

104d8 output. .
Outdoor Alarm — Electronic swept treq. siren. 98dB
output. Housed in a tamper-proof heavy duty metal 8
case.

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

SAVE t 13800 Usual Price £228.85
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a coltection of self-assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made speciaily to suit todays
need for compactness with high sound output levels. Finished in
hard wearing black vynic' = with protective corners, grille and carry
handle. All models 8 ohms. Full range 46Hz - 20KHz. Size 20" >
15” » 12" Watts RM.S. per cabinet. Sensitivity 1TW. 1mtr. dB.

OMP 12-100 Watts 110dB. Price £149.99

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

1 K-WATT
SLIDE DIMMER

* Control loads up
to 1Kw

* Compact Size
43" 1" X 25"
* Easy snap in fix-
ing through panel
cabinet cut out

* Insulated plastic
case

* Full wave con-
trol using 8 amp
triac

* Conforms to

102319 STEREO RACK AMPS

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

MF200 (100 + 100)W. £169.00 Securicor
MF400 (200 + 200)W. £228.85 Delivery
MF600 (300 + 300)W. £274.85 £10.00

BS800

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

PRICE £13.99 -~ 75p P&P

BSR P295 ELECTRONIC TURNTABLE
* Electronic speed control 45 & 33", r.p.m_ % Plus

Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim * Cue lever * Anti
skate (bias device) * Adjustable counter balance *
Manual arm % Standard ',” cartrige fixings *
Supplied complete with cut out template * D.C.
Operation 3-14v D.C. 65mA

Price £36.99 — £3.00 P&P.

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

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordinary dynamic tweeters. As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
{more if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.
TYPE ‘A’ (KSN2036A) 3" round with protective wire
mesh, ideal for bookshelt and medium sized Hi-fi
speakers. Price £4.90 each ~ 40p P&P.

TYPE 'B' (KSN1005A) 3'," super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.99 each + 40p P&P.

TYPE 'C’ (KSNB0O16A) 2" X 5" wide dispersion
horn. For quality Hi-fi systems and quality discos etc
Price £6.99 each + 40p P&P

TYPE ‘D’ (KSN1025A) 2" ~ 6" wide dispersion
horn. Upper frequency response retained extending
down to mid range (2KHz). Suitable for high quality
Hi-fi systems and quality discos. Price £9.99 each

+ 40p P&P.

TYPE °‘E’ (KSN1038A) 3%" horn tweeter with
attractive silver finish trim. Suitable for Hi-fi monitor
systems etc. Price £5.99 each + 40p P&P.

LEVEL CONTROL Combines on a recessed mount-

ing plate, level control and cabinet input jack socket.

85 % 85 mm. Price £3.99 + 40p P&P.

STEREO DISCO MIXER

STEREO DISCO MIXER with2 X S5bandL. &
R. graphic equalisers and twin 10 segment
L.E.D. Vu Meters. Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following:—
3 Turntables (Mag)., 3 Mics, 4 Line plus Mic
with talk over switch. Headphone Monitor.
Pan7P7oé L\., &SR, l\gasxer Output controls. Out- \
put mV. Size 360 X 280 X 90mm X

Price £134.99 — £3.00 P&P \\ )y

B. K. ELECTRONICS
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BF336/7 35 |MPSA70 40 |VN66AF 110 | 2N3708/9 10 | 25C1963 80
BF394 40 [MPSUO2 58 |VNBBAF 220 | 2N3713 140 | 25C1957 80
BF451 40 [MPSUO05 VNB9AF 120 | 2N3771 178 | 25C1969 160

WA l FORD| ELEC I RONICS AC!26/7 30|BC337/8 12| BF494/5 40 |MPSUO6 55 |ZTx107 12 | 2N3772 195 | 25C2028 85
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250 High Street, WATFORD, WD1 2AN, HERTS.

8

I
t
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: ALL DEVICES BRAND NEW & FULLY GUARANTEED. SEND CHEQUES, P.O.s & A[n)us 1: BCY39/40 85 |[BFX84 = 35 ggzzng ;g 2Tx451 23 gmggg &'; ggggg;z 223
AD161 BCY41/42-30 |(BFX85/6 35 [OC71/7 2TX500 14
BANK DRAFT OR ACCESS/MASTER CHARGE & VISA CARD NUMBER WITH | D18} 43 |BCvélr2 30 [1BFesse 38 1087778 50 | 213002 15 | aNdoss 18| 29kas. sa
ORDER. GOVERNMENT & EDUCATIONAL ESTABLISHMENTS' OFFICIAL :;:ég’s £ %z;g;g? :15: gggg gg gg?%a/:‘ ;g %Zgi ;gl gmggl/z ‘5“ gg?gga ggg
ORDERS ACCEPTED. P&P ADD £1 TOALL CASH ORDERS. OVERSEAS ORDERS, | aF124/26 60 |8Cy72 18 | BFY55/56 56 |0C200 75 [2TX531 125 2N4286 23] gau;% 325
| AF139  40|BCy7s 30| BFY64 40 |TIP28A 32 |ZTX550 25 | 2N4289 " 25 1 15
i POSTAGE CHARGED AT COST AIR/SURFACE. PRICES SUBJECT TO AF178 75 |ootr4 199 | Brves 130 |TIP29C 38 |3Ned7 . 23 | 2Na314 78I 3N140 115
. 1 |
| CHANGE WITHOUT NOTICE AND AVAILABLE ON REQUEST AF186 70 (D121 98| BFYS0 80 |TIP30A '35 |IN698 40 | 2N4d00 28| 40315 80
i AF23e ss|BDiz4 118 BRYSD 80 |TIP30C . 37 |2Neoe 48 | 2N4dz7 20 :gg;g ‘gg
VAT. Applicable to U.K. Customers only. Unless stated othewise, BC107 ~ 121BD131/32 55 | BSX20 28 [TIP31A 2N706A 25
VAT o e e e o e s o the ok " Beiors 14 |orayo s | a3 |Thoie 36 |anros® 29 | Nayasve 30| 40zer ‘30
all prices are exclusive of VAT. Please add 15% to the total cost including P&P. BC108 12 | 80135 45 | BSY26 35 |TIP31IC 45 [2N918 a0 | 2Ns138  25!| 4037 90
H Wae stock thousands more items. It pays to visit us. Nearest Underground/BR Station: Wattord High Street. | BC108B 14 | BD136/37 35 | BSYSS 35 |TIP32A 43 | 2N1131/2 40 | 2N5172 25‘ 40348 120
i Open Monday to Saturday: 8.00am to 6.00pm. Ample Free Car parking space avallable. BC108C 14'['BD138/39 35 ['BU105- 180 |TIP32C 45 [2N1302 45 | 2N5179 45|i 40360 60
4 P Y ik Ld P paring BC109  12|BD140 40| BU20s 160 [TIPG3A 70 |oN1a07 70| 2Nsis0 4s|f d0aei2 70
IC CAPACITORS: (Values in uF) 500v; 10uf52; 47 78p; 63V: 0.47,1.0,1.5,2.2,3.3,4.78p 1010p; | BC1098 14 | BD144/45198 | BU206 200 [TIP33C 75 [2N16718160 | 2N5190/1 75, 1
: 15512:1-1"2?":’3; ‘1’:‘3 68 Czoo- 1503 19p. 220 )p 1000 70p; 2200959;7 50V: 68 20p; 100 17p; 520 2¢p; | BC109C 14|BD158 68 | BU208 170 |TIP34A 85 | 2N2160 295 | 2N5194 -80'[ 40411 285
! 40V; 22 9p; 33 12p; 330, it 32p; 1000 '48p; 2200 90p; 25V; 1.5.4.7,10,22,47 8p; 100 11p; 150 12p; 220 15p; | BC114/5 25|BD184 . 35| BUY6SC 225 |TIP34C 105 | 2N2219A 28 | 2N5305/8 30 | 40412 90
i 7 42p’ 2200 50p; 3300 76p; 4700 92p; 16V:47,68,100 9p; 125 12p; 330 | BC117/8 25 |BD205/6 110 [ MD8001 250 (TIP35A 120 | 2N2220a 28 | 2N5457/8 30 40467A 130
i 330'22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; P p; P p; I
i 16p; 470 20p; 680 34p; 1000 27p; 1500 31p; 2200 26p 4700 72p. BC119  35(BD245 65| MJ2955 90 [TIP35C 130 ] 2N2221A 25 | 2NS459 40468 85
! P j : BC137/9 40|BD378 70| MJE170 150 |TIP36A 130 [ 2N2222A 25 |2Ns4ss 3g 40594 105
" 14 9 MJE180 150 [TIP36C 140 2N5777 45| 40603 110
TAG-END CAPACITORS: 63V: 2200 120p; 3300 145p; 4700 245p; 50V: 2200 95p; 3300 155p; d0v: 4700 | BC140,. 22 |BD32% 70| WWEND 132 |TERel 168 | 2neses 23 | ZNE70 801 50678 '8
: 160p; 25V: 2200 70p; 3300 85p; 4700110,000 250p; 15,000 270p; 16V: 22,000 200p. BC147  121BD645 80| MJE370 100 |TIP41B 52 | 2N2483/4 27 | 2N6027 32 | 40871/2 80
: - BC147B 15 |BD695A 150 | MJE371 100 |TIPa2A 85 | 2N26d6 80 |25A671 250 R
: [ POLYESTER CAPACITORS: Axlal Lead Type SIEMENS pcb | BS148 12 |BDE96A 150 | MJES20 50 [TIP428 58 [ 2N2904/5 28 [25A715 75
400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8, 10N, 15n, 18n, 22n, 12p: 33in, 47n Type Mini w"’c BC148B 15[BF115 45| MJE521 90 [TIP120 70 | 2N2906/7 28 230495 85
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P - ; 33n,47n,68n, 8p; 150n, 22 CAPACITORS t 4n7 6ng F178 35 5! 2N3055 50
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TANTALUM BEAD CAPACITORS Rotary 0.25W Log & LIN Values. 33n39n47n 8p | peoynL  12|'BF198/9 18| MPSAOB 30°|UC734 98 | 2n3663 20 | 25C1678 140
{ 35V: 01F, 0.22, 033 15p 0.47, 086, | Oy QO 00 & 0 : 39n.56n  12p | geyy3  y0[BF200 35| MPSA12 29 |VK1010 99 | 2N3702/3 10 | 25C1679 180
; 1.0, 1.5 16p; 2.2, 3.3 18p; 4.7, 6.8 22p Q. (Linear oniy) 82n,100n  11p | pCo131 12| BF224A 40| MPSAS5 30 |VN10KM €5 | 2n3704/5 10 | 25C1923 65| ACCESS &
: 10 28p; 18V: 2.2, 3.3 18p; 4.7, 6.8, 10 Single Gang................ seeeees 381 oov BC214 10| BF224B 40| MPSAS6 30 |VN46AF 90 | 2N3706/7 10 | 25C1945 225 VISA
18p; 15.36p; 22 45p; 33, 47 50p; 100 5K-2M Single Gange Log & Lin. ... 40p 100 120n 10 BC214L 12| BF245 a8 orders
. . - . 5K-2M Single Gang DP Switch . 100p n, n P | BC237/8 10| BF246 as
: 95p; 10V: 15,22,26p; 33,47 50p; 100 | 57511 Double Gang Log & Lin ... 110p | 150n.180n 12p | peooel 35 |arasea 45 Just phone your
L 80p; 6V: 100°55p. 220n,270n 15p BC307B 15 |BF256B 50 orders through
330n, 330n 20p 3 Broes RF Chokes Miniature PCB type we do the rest.
: MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 470n,560n 26p ggg“’g Lg BFggQ/“ gg 1uH, 2u2, 4u7. 10u, 22u, 33u. 47u. 100u. 220U, 330u, 470y . ..35p el
; 100V: 1nF, 2,4, 4nF, 10 8p; 15nF, 22n, 0.25W log and linear values 60mm 680n  30p 1uF | goaaz/s 12| BF275 55 |1mH. 1m5, 2m2. 4m7. 10mH . . 40p 0923 50234
30n, 40n, 47n 7p; 56n, 100n, 200n 9p; 5K — 500K single gang 80p 34p 2u2 50p 22mH, 33ml—i 43mH, 47TmH ... IR ggp
50V: 470nF 12p. Graduated Bezels for above 45p 100mH, 220mH .......... - B .. 15p
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS Loria7 350 |SPB620 ,18 [rczar 100 L3173 80 745
Range: 0.5pF to 10nF~ 4ap 0.1W Miniature Horizontal or Vertical LF347 120 1SPO265AL 0 :0245 :x tg:;; 2
15nF, 22nF 33nF; A7nF sp | 100910 4M7 8p ULN2003 75 | LFSY e ATy 0 |1ne2ee 170f 3181 100 s00 45
. 100nF/20V 7p 200nF/6V_8p 0.25W Larger 100R to 3M3 Horz 12p UPD7002 40 | eass -85 |TA7205 :? HC253 90{ LS183 188 | 502
0.25W Larger 200R to 4M7 Vertical ~ 12p WD 1631 £14 1 rase 85 |TA7222 B HC373  110] LS190 75 | S03 40
i POLYSTYRENE CAPACITORS: by wD1770  £14 7 ol (S197 55|84 40
%" cermet multiturn preset WD2143 850 | LF357 100 |TA7130 HC374 9
10pF to 1nF 8p; 1.5nF to 12nF 10p. 100 Q to SOOK B 89p ZBOAGPU 4M -380 { ILF398 495 [TA7130 1 HC393 110} U :92 ;g 305 40
' - S " 300 280 CTC 285 | LM10 325 | TAA700 200 |HCe40 165] L5193 508 40
t SILVER MICA (Values in pF) ggga 30| Zooncic g |tmsota 30 |TAA00 160 |rcess 185| LS194 73 309 40
2,3.3,4.7,6.8,10,12,15, 18,22, 27,33, 39,47, COMPUTER Fod Ed A B AT 45 |TAD100 39 LS19s g0 10 4o
; 50, 56, 68, 75, 82, ICs 8251A 350 | Z80A DART  goo | LM308T 75 |TBA120S 1 s 74LS | INSECEEE S 60
85, 100, 120, 150, 180pf p each 8253 1370 260 DMA, 95 | ataN 15 {TBASS00 LSoo 22 | LS221 €5 s 40
200, 220, 250, 270, 300, 330, 360, 390, 470 4 8255 215 | zeoapia 925 | 310 b Moot 1S01 22 | L5240 80| s22
560, 800, 820p!" 21p each frited ol Zoarlo 318 | tmzzea 45 [TBABDO 199 |tso2 22 | L8241 8Os 50
i 1000, 1200, 1800, 2200pf 30p each 8259 200| zsosio-r  sso | LM334zZ 125 [TBABI0S > tggg gg R
i 3300, 4700, 5600pt 80p each 8571 coa | zeoa si10 o | a7 250 |TeAszol ) Lsos 22 | 1R800 70|38 7
: Z80ASI0-2  £9
: MINIATURE TRIMMERS Capacitors 4 ks B s [Mas . 60 |TBAS90Q tsos 25 | L9245 88| si0 40
256KDram LM349 125 [TCA270Q 160 |LSO8 22 51
13 2 to 6pf, 2 to 10 22p | 26501 8282 450 LMmass 50 |TCA280A H LSto 22 | LS248 100 | Se4 40
t 2-25pF 5-65pF 30p |2716-5V 8283 450 Ma77 210 |TGA940 117 s 22 | LS249 100 | S65 40
10-88pF 3ep |2732-4 6284 as LM380 80 |TCA950 140 [(s12 22 {1825! 35545874 . 70
2764-250 8288 £11 NEAR IC LM38IN 175 |TCAg65 191 |13 30 | LS253 70| sss 295
RESISTORS Carbon Film, miniature, Hi-Stab, 5%. 27C84 8748 £55 5 |yt 190 |TGA1008 110 | (S14 50 | LS256 90 ) S86
27128-250 8T26A 99 LMas4 225 | TDA1010 0 |(s15 22 | L5257 551S112 150
RANGE val  1-99 100+ 57550 8127 1501 sssc 801| LM386 90 {TDA1022 0 | Lsio 45| L3258 88| s113 120
0.25W 202 —10M E24  3p 1p 3242 8731 B mos 20! CMass  ~ 200 | TDAI024 3 | [S20 22 | LS259 90| s114 120
05w 202 —4M7 E12 - 3p p 4027 T % 70scspin 35| LMase 160 | TDA1034 153 |82y, 22| 15260 701s124 3
_ 4116-200n 8TI7N 90 Pl 5 LS261 100 | 5132
w 202—10ME12 6p  4p ]411e-200n s 220 71 50 | LM393 85 |TDA1054 190 | 1822 2215266 25 |S133 50
2% Metal Film 510 — 1M E24  6p 4p 44162 9637A 250 | 741 8 pin 18 | LM394CH 380 | TDA1490 5 IE 54 gg LS273 80 | 8134 60
1% Metal Film 510 — 1M E24  5p 4p | 4816-100ns AMZELS3IC 125 | 747C Mpin 80 '[mggm M iEgvrecs 128 1153 22 | LS275 350 | S135 110
100+ price applies to Resistors of each type not | 4864-15 AM26LS32A 125 | L0 pin 160 | LM733 s | TDA2004 : : 14 Ls28 24 tgggo 128 S138 170
mixed. o320 Avrato. s | s4o0cy a7s | Lmiass 35 | TDAZ006 10C 17213 2 is2e 10 R® I
" M1871 300 [ TDA2020 5
RESISTORS NETWORK S.1.L. §117-100n A0t Il AUt '3 |imiom 400 |TDA2us0 190 | 1833 23 | [2030° 10| S1st 140
7-Commoned: (8 pins) 1009, 6800, 1K 2k2, s CDar24 150 | AY-1-5050 99 | LM2907 395 | TDB0791 & || gg 221 15203 75| 5157 2
4K7, 10K, 47K, 100K 18p 63A03 COMB017 275 | AY-3-1350 350 | LM2917 300 }TL170 150 | 'S40 22 | LS294 999 | 5158 190
15 pi | Av-3-8910 380 | LMas0o 70| TL4B7 1S295 130
8 Commoned: (9 pins) 1500, 180, 2700, 3300, 6402 D8748 . - £33 AYEA217 830 | LM3s09N 85 | TL497A LS42 50 18287 850 162 300
1K, 2K2, 4K7, 8K8, 10K, 22K, 47K & 100K 20p. |6502CPU DM8131 278 a8100  575.| LM3911 185 | TLSO7 Ls47 75| 12554 Yoo | S163 3%
. Seozn o 355 | Bookiet for 1 tmaga 300 [ TLs09 3 1548 751 [Soe0 220 178 280
& . - LM3915 345 [ TLOBICP LS320 21
DIODES VARICAPS | BRIDGE g DSsear 800 | o aa1s lgg LM3916 300 | TLos2CP 3 Lss1 22 LS§323 300 | 5188 ;22
) RECTIFIERS Edl DS3eOM20 o9 |AY-513174 630 | LM1zeo0 110 | TLOBACN 3 LSs2 25 [ 15323 300 | S189
. - : 6504 250 DSeoLS120 300 Av-s1350  3es /| LS7220 380: [ TLo71CP a Lssa 22| -o300 Jso | 157 289
Beiose 40 6508 e Vol avssion s Ls7ozs 380, | TLO72CP LSSS 22| 5326 200 | 307 290
BB106 40| 1A/80V 78 | 6520PIA et 1a5 | cazor 130 Ms1513L  230'[ TLO74CN 1 Lse3 52 | 2325 200 | 201 250
1an00v 20 | eszevia Deteas 233 | cazorz 75| Ms1515L  320°| TLOBICP Ls73 28 | L8327 290 | s225
1a400v 25 | 65224 Doz 200 | cazota 215 | Ms1516L  * 475°| TLOB2CP ‘L7428 900 q4o | 5228 352
TRIACS [Nl Fd E0365 £28 | CA2018 85 | MB3712 200-| TL083CP 1€ s | L7538 (S352 115 | 5241 375
2A/50V - 28 | B532RRIOT CA3019 90 | MB3756 240 | TL0B4CN 1 es | L1576 2815353 85 | 3544 478
N 2A/200V 40 | B545RTC oo 1% | Caozo 210 MC1310 135 | TLO91CP o8 | 1578 34| S355 220 | 3581 228
2A/400V 42 | 6551ACIA o Ei CA3023 210 | MC1455 50 | UA2240 e es | 382 35 LS356 200 | 3287 225
3A200v 2A/600V 50 | 6592PC Fo1791 £22 | RaooeA T | Merece 35 [ Uazasao ] (57 |Lses 70} 3385 Tao | 2op 338
Ay o5 | eamoov  es | sa00 PN 75 | CA%035 255 | MC1469 300 | UAS6I7A -+ oo | 1588 35 |Ls264 150 {s260 70
BAIOOv 89 | sarac0v - 96 | 6802 CA3036 270:| MC1488 70-| UAAT7O 50 103 LS365 42 | 5262 £10
8A400V 89 | op200v 215 | 68A02 HD4315 250 275 MGras o | uaa180 o LS9 - 86| 237 42 £
8ABOOV 115 6803 225 | CA3043 75 | MC148 7 65 | ISo2 50 S287
10A/600V 296 HDE3AO3RP - 700 | CA3045 365 | MC1434 695 | ULN2002A 85| 74490 89 | Lso3 45 |lS367 42 |s288 180
127100V 78 | 25p/200v 240 | 2508 [MeB4sSP 755 | CA3046 70 | MC1495 300;| ULN2003 7 1392 35 |is3es 42 1558 200
12A400V 82 | 55/500v 396 | 6808 IM6402 425 | CA3059 325 | MC1496L 70| ULN2004 17 LSes g0 | LS373 80 | s30t aso
12AB00V 136 | Byjgs s | S509E NSG06ON 1250 | CA3075 215 | MC1596 225/| ULN2803 19 LA | 1335, 49| Lsara @0 [szes 250
16A100V 103 6810 v 70 | CA%080E 65 75| ULN2283 8 12197 49 |is3rs 55 |S3ra 37s
g | 16A400V 108 g8 MG 1489 70 | CA081 190 | MC3401 50| UPC556 88 | 7racoas 1s0f [2199 350118377 100 |S374 375
g | 16ABOOV 220 6820 MG 14411 675 | CA3085 160 | MC3403 65 | UPCSTS 30| 1acass 1s0| 12115 3g|Lsare 85 [sa12 380
4 | 25V500V 220 j se21 MG 14412 725 | CA3086 60 | MC3404 85:| UPC1025H 55 | 740373 180 | 3.y 3¢ |LS379 127 |sa70 325
5 | 254800V 75107/8 oo MG3242 590 | CA0S0AZ 250 | MCa423 80| UPC1156H 55| 74C374 2200 5155 g5 |LS360 310 [sa71 600
oo CA3123E  165°| MF10 300/| UPC1181 180 | 740022 220| F2122 35| 1s3s2 310 [sa72 400
1Na0oY2 % e 2 | sesa isep 2 | Ganao 85 | MFCE040 75 | UPC1182 180 | 74Cees oo 2123 |30 {1S384 357 15474 400
:mgggw g ;2:;‘52 gg:gsp Mgm?’ 3;3 ‘CA3140 40 | MLo24 275°| UPC1366 100} 740925 650 t 125 37 tggg J;g 5475 425
5 150 o713
1N4148 4 75154 6850 MCgoas 28 | camez 540 | NE531 120°| XR2211 45 |HCOO 30| 13132 22} 5303 48
1N5401 12 6852 MCe846 625 | S ha180 260 | NESA3K 225 | XR2216 50 | HCO2 30 |3193 oo |LS395 100
1N5404 16 6854 MKIOOO M  oox | caczaoe 100 | NES4s 390 | XR2266 73 |HCo8 30| 3132 35 |LS396 185
1N5406 1 68854 MM5303 636 |HA1336W 175 | NESSS 20 | ZN409 83 |HCI0 30| 538 gg L5398 185
1N5408 19 6859 MM5307 1275 | HA1366W 160 | NESSE 60 | ZNa14 30 [HC20 30| (5130 48 |LS399 115
1544 H gac00 MM3387A 865 | HA1388 235 | NESSS 170 | ZN423E @ |HC24 55| (5145 g0 [LS445 125
15921 9 o MM38174 875 | ICL7106 875 | NES60 350 | ZN424E HC32 40| (S147 130 t:g; 19
6Ar100v 40 B0BOA MM74Co22 420 | ICL7107 975 | NES64 420 | ZN425E HCa2 65 |iLS148 115|| L2465 130
6A/400V 50 BOBSA RO-3-2513L 700 | ICL7611 95 | NES65A 120 | ZN426E 230.| HCS1 30 |LS151 55 20 100
6A/800V 60 RO-3-2513U 650 | ICL7600 250 | NES66 150 | ZN428E 2 C74 60 |'LS153 65 5
os SAAS0S0 875 | ICL803BCC 300 | NES67V 140 | ZN429E 225 [ HG86 - 50| 18184 120 | L5541 98
8123 SFFo364 800 | ICL8211 225 | NES70 400 | ZN459 85 | HC107 40| Ls1s5 58 |LS624 188
a131 PO2SGAL 475 | ICM7205 1150 | NE5532 150 | ZN1034E 130 | 38109 50| LS156 55 | L9629 120
. a13s Seto) 13 |IOM7217a  £11 | NEssasA 120 | ZN1040E 108 |13 65| LS1sr a7 Lseao 150
s TMS2T16.3v 725 | ICM7224 785 | OM33s 650 | ZNA234E HC153 60| LS158 48} 545 195
ZENERS 75491/2 811995 TMS4047 100 | ICM7240 300 | RC4136D 55 70 | Hcieo 35| LS160 eo | 3282 'g7
81LS% TMS4164 200 | IOM7555 80 | Ro4ssa 55 135 [HC161 80 | L8161 801 5660 85
2N4444 81LS97 TMS4416 335 | ICM7556 140 | SAB3209 425 75 C164 80 t :gg :g LS670 150
Range: 2V7 to 81LS98 TMS4s00 - £12 | LASSS0 20 | SABaaTt es 80 FHC165 85| 314 70 |LS673 850
39V 400mW 8202 TMS45a2-3 250 |LAOSIP 340 | SABAdZ0S 298 : HC173 90 | 13185 o8 |LS674 850
8p each 8205 Tmseont 500 LARe 28 | S0 208 HCi174 90 | [S1ee ss |LS678 275
Range: V310 o Theaesr  o1a |iasize 320 | sLe2zocD 150 HC175 100 | 5169 138 |LS684 3
- 8214 TMSg927  £14 LA 0 \ 0 120 LS687 300
33V 13w 8216 TMS9928 €16 |LC7120 300 | sN76227N 85 ) o240 120|Ls1ee 90
15p each | sT2 25p ao2q T Tms9029 £16 1LC7130 300-| SN76477 HC249 LSi170 120
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? 3 . PANEL 1
‘ ! VERO IDC CONNECTORS METERS RELAYS
SWITCHES, DIP SWITCHES | eso: PHOTO DEG FSD ' B mount
TOGGLE: 2A 250V {SPST) 4 way 85p; 6 way 80p; 8 way 65p; HOT! ] . PCB  Plugs Female Female | g0, 45, asmm Miniature, enclosed, PCB mount.
SPST35p DPDP 48p 10 way 125p {SPOT) 4 way 190p Jeroblack..... 3508 with laten Header Card | oo 8 OLE Ch
g " e LE Changeover
SPST onien - 585 YEno,BOARDS 0 ¥ Eurobreadboard $90p S age 0 Gol oaoo BLio1 B05A Gort 129 DG, (10V5 1o
SPDT c/over  84p ) ROTARY SWITCHES e Supersing &52 13500 o-1mA 19.5V), 10Aat30V DC or 250VAC  195p
SPDT centre off BSp (Adjustable Stop type) Superstrip 3% | 10 way esp esp e5p 100p | O1mA
SPDT biased both 1pole/2to12 way. 2 pole/2 to6 way; 3 pole/2 to 16 way 75p 75p 60p - O TOmA DOUBLE POLE Changeover, 8A 30V
ways 105p 4 way: 4 pole/2 to 3 way 55p 20 way 90p 90p 9Sp 165p. { AT DC or 250V AC
DPDT 6 tags  80p 26 way 105p 110p 115p 230p 0-100mA RL-113'53R Coil, 6V DC(5V4 to 9V8) 190p
DPDT centre off 88p COPPER CLAD 34 way 115p 130p 135p 320p 0-500mA RLB-111 205R Coil, 12V DC (10V7 to
DPDT biased both ROTARY: Mains DP 250V 4 Anip onsort  88p BOARDS 40 way 140p 145p 150p 335p 0-1A 19V5) 195p
ways 145p Fibre  Single- Double-| 54 \,0 - 165p 170p 175p 350p o024 RLB-114 740R Coil, 24V DC (22V to
DPDT 3 positions o a en gl‘asse' ﬁ'&e‘;’ ﬁ'z";: 60way 195p 210p 225p 495p | >-2% arv - 200
/on 185 ROTARY: (Make-a-switc ) x
:%glnag way 220: Make a multiway switch. Shafting assembly ['yeoo pins per 100 . | 6°x12°175p  225p ggggv AC
. has adjustable stou.. AAczcommgdaE;;s ur:crl‘;) Single Ended ... 55p oALo ETon N 520p ODULATQRS
LIDE 250V; 6 wafers (max. 6 pole. way switch). I poyble ended . . 80p M
DP| gr 1A 14p Mechanism only 90P | wire Wrap S/E. 155p g’:sm vs.rian 100 EURO CONNECTORS SA(S]IE&&}I:IF
i D/E 255 s spare tip. .
BPoT A" :3’ WAFERS: (make before break to i the sbove Wire Wrap i - god Flashed ‘ET,,'" e ’g.';“: .{E‘é‘.:. CRYSTALS | "ideband 8MHz S50
P switch mechanism. 1 pole/12 way. 2 pole/ VERO TOOLS FERRIC s Pins P
way. 3 pole/4 way. 4 pole/3 way. 6p/2 Way 659 Spot face cutters 150p CHLORIDE DIN41617 100
w’,:f‘s‘%:xgﬁ::n” Mains DP 4A Switch to fit asp pi‘; insertion tooH85p :ZISDEES% An:ydrous g:N“ﬁymz 125p — — 175p ’;‘gggsﬁm 1% BUZZERS
SPor atchiog 2000 Spacers dp. Screen & VERO WIRING Pose 2:32A%8  200p — 178p — | 200KH: 379 | miniature. solic-state 6v:9v& 12V 70p
atchin
DIN41612
DPDT moment 200p OCKER SWITGHES FEN +Spoal .3 2x2A+C 228 — 185p210p | IMHz 282 | PiEZO TRANSDUCERS FB2720  70p
ROCKER: 5A/250V SPST 28p | Combs.......... 8p EDGE DIN41612 3 x 32 “28MH. 450
,’j;?".',f‘;;‘;;:"",",?, ROCKER: 10A/250V SPDT 38p | Pen+ Spool+ Combs CONNECTORS | Aa+e+cC 260p200p295p300p | 1:28MH: pred ERS
Push to Break 25p ROCKER: 10A/250V °§§I clot :g: s R 2 acen 1.8MHz 545 LOUDSPEAK
ROCKER: 10A/250V DI with neon x 6 way - DIL PLUG {Headen | 1.8432M 2)0
DIGITAST Switch DIL SOCKETS 2x 12 way - 160p _ Solder 10C | RIBBON CABLE | 20mn: 225 | Miniature, 0.3W- 8 Ohm &0,
Assorted Colours Low Wire Turned| 2x 15 way 165p | 14 pin 40p 95p price per foot 2.4576M 200 | 2in. 2vin, 2%in, 3in P
ss"p each D ont mounting sw“ﬁ‘gs Pin  Prof Wrap  Pin §‘ ;2“ way 1;38 :sgg 16 pin  45p 100p Grey Color | 3'12MHz 240 2'/zlr| 400, 640 or 800 238:
Decade Switch Module P 8 8p 20p 18p x 22 way . 24 pin 65p 135p 150 | 6" x4" 80
B.C.0. Switch Module 3%0p | 14 10p 23p 28p | 2x 23way 150p 4sp | 28 Pin 150p 200p {10 way 15p 26p 2;?}321,. o5] 7" x5 80 225p
ULTRASONIC Mounting Cheeks (per pair) 95p 1 :gp 400 ggg 2x28 :t:i fggp 2450 | 40 pin 200p 255p [ 16 way 25p 40p Fr sty 300 | & %5 8n 250p
- TRANSDUCERS P e 2x 30 way 280p - 20 way 30p 50P | oMKz 140
A0Khz 475p (Pr)- | JUMPER LEADS (Ribbon Gable Assembly) | 2 200 S8p 37p | 2x0way 2600 - ZIFTEXTOOL |28 vy 420 250 d0soMez 290 VIDEO MONITORS
Length 1emn 18P 24pin 40 | S e S | 2x 43wy dmow .|  DILSOCKETS Sowy Sob sop | 44a3stom  100°
( - 2y 4608MHZ 200 — o~ Hi-
GAS/SMOKE 40 30p 8% 72p | 2x75way 600p 5500| 50 w 1 ® ZENITH — 12" Green, Hi
P (Header Plug) Jumper 24 pin 01 50 way 100p 135p | 4 aomn 200 .
DETECTORS 24 |§:I"|ge|: ended l3’45(:; A gép ugal«l;p 360p 23 pin :gg: 64 way 120p 160p S.SMH,‘ 150 Resolution Popular £76
: 40 pin 5185MHz 300 1431. Standard
TGS812 or | ANTEX SOLDERING IRON siL S24288M  300] @ MICRO\QTIEC %GB it
1GS813 Female IDC Header Jumper Leads 36 inches long C-15W  600p Cs1 8200 | sooper ‘D' CONNECTORS 6.0MHz 125 Res, olour \
20pin 26 pin 34 pin 40pin | Giew e20p xszsw 8509 | 4 1 pitch 9 15 25 37 | giaamHz 140 14" incl cable £176
£6 each Singleended ~ 160p 200p 260p 300P | Spare tips, assorted size Y00p° | 00 P wey wey wey way | Gosacmi:  aae
Holders for Oabeend  200p 370p 480p 5285 | soore eomsimes sp | Feay | 655301 55| ® MICROVITEC 1451. 14"
above 40p- Iroh stand with sponge 195p Solderlugs  55p 80p 120p 150p | 7igeMH:  175|  Medium resolution £225
Anglepins  110p 175p 225p 300p | 7.68MHz 200 GA 12". Med-res. RGB
i 1 100p 160p 250p | gOMH 140 @ KA - Mec
VOLTAGE REGULATORS SOLDERCON PINS | Fomme® 00p 1000 160P Goso3aM 308 Colour. Has flicker-free charac-
1A T0220 Plastic Casing Ideal for making S Solder lugs ~ 90p 125p 180p 275p | gge723M 178 ters. Ideal for BBC, Apple, VIC,
TRANSFORMERS * e 7008 i Angle pins  150p 200p 260p 390p | 900MHz 200 t £210 (car £7)
3-0-3V; 6-0-8V: 9:0-3V; 12-0-12V; 150 15v @ . 5V 7805 45p - 7905 50p 100 pins 35p PCB pins 100p 125p 195p 355p | 10.0MMz 170 etc
100mA By e :gp ;g?g gg: 500 pins 1o0p 10.24MHz 200| @ KAGA 12". As above but
B o o oA w0 12a | 16V 7818 4oe  1o1e  son Covers 7P 70p (70p 6Sp | 10sMMz as0| T jgesolution £330 (car £7)
VA: 2x6V/0.25A; 2x9V/0.15A; 2x 10. 3 : z ! ‘
MY 235p | 24V 7624 dse T8 S0P ALUM BOXES | 10C 25 way ‘D' Plug 385p; Socket 4505 | 120Mriz 150 | @ Connecting Lead for KAGA
SVA ZiuOSA 2:0VIOIA 2X2VIO2A | oo L package’ 3x2x1" 5p -4 €3
15’ 4x2v x2" ‘wﬂ L .
Standar St Boton type o loi0s 3o 7oos 4% 4x2hx2n 1035 | 25 way'D' CONNECTOR (RS232) | 13omis~ 158 | Carriage €7 Securicor
OVA' 2:6VI0SA, 210VI04A  ZX12V/03N 8V 78L08 30p  — - 4x4x2° 108p Jumper Lesd Cable Assembly | 16.0MH: 200 .
JAVA, Se45VI1 A, 2x5V-1A; 2xaVIOBA Zavau | 12V 78Li2 30p 79012 pH Snixim sop |28 long: Sincie end. Female S10p | 164320 10| BT TELEPHONE
12VA: 2x45V/1A3; 2x 15V 78L15  50p  79L15 ] x4 x 1" " long. g -
SR IILERY | e T e, T | AR | EORENBGIL 5B ab. %) CCONNECTOR
4VA: 2x6V/1.5A; 2x9V/1.2A; 9 TDA141 p x A X 2
g.sA. ZxSOWO.SA 365p (60D pap) :g:}g; ?,’,3: TL49TA 185p 5x2%x2%" 130p | 36" long, Double Ended, M/F 995p S:Aggﬂ;h;m ;gg LIU1/4A  Mini Line Master  438p
S0VA: 2x6V/4A 2x0V/2.5A 2x12V12A 2x15V/15K | HEa198 135p  78HO5+5V/5VSs0p | 6x4x2'  120p - 150 | LUU1/6A  Mini Lino Stave  205p"
2x20V/1.2A 2X25V/1 A 2x30V/0.8A 520p(60p pap) 78H12+12Vi5A 6x4x3"  150p L CONNECTORS A 170 | CI0 2748 Line Master 370p
SOYA: Ouiputs #SVISA: 412y, 25V, ~8V. | Lm317k  250p sose | Lisxd %%k AMPHENOL C IDC SOLDER | 27.145M - 160 | LJU 2/6A Line Slave 250p
-12vat1A S20p SOPPER) | LM3ITKP  480p  7BHG4SV1o+25ViSV | Bx&x3" 400 | 24 way IEEE plu 465p 460p | 386667M 240 | LU3/4A  Flush Master 370p
100VA:  2x12V/4A; 2x15V/3A. 2x20V/25A. | |m323K 450p  5A 550p | 10x4x 240p y EEE plug 485p 480, 28.0MHz 240 | LIU3/6A  Flush Slave 240p
2xaSVIZA: 2x30V/1 A DSOVIIA 988R (750) | M3a7 1155 78HGSVo24VioA :g x \Z> X3 ;;g: 5 ::)y, L:E:.fy::cs oug  375p :wo: 100.0MHz 205 | LJU 10/3A Dual Splitter 475p
P“I’ cg:‘r.g‘ec:‘o.?::dded over and above our nor #257425 ver 2;‘5’: 765p 12 x8x3" 295p 36 way Centronics skt 480p 450p 4 WAYBT Plug 65p
— oS
cMos T wlme gl oro SPECIAL OFFER SPDOS
4076 22 | 3246 a0 | ELECTRONICS ‘ ] The only professional Disc
4077
w0y B faore a2l el | ASCESS 1+ 10+ Interface for the Spectrum Micro.
4081 20 | 45s.
o0 3 lue a0 |des 'S0 | Mo 9 orders 2764-250nS 185p  175p
007 28 | 1085 80 | asse 50 [Tisizver 14 Just phone your SPECIAL OFFER £60
4008 60 | 4086 oo ]assr 250 |ti2202-Red 12 orders through, 27128-250nS 245p 235p
4009 40 |- 2" Green, Yellow or we do the rest.
a0 013%  Tofamo 110 | Amber 1. el 6116LP-3 170p  145p
@z o |wes  r0laser  toa |02 Beolwr | 0923 50234 6264LP-150nS  315p  305p
4096 100 | 4562 . — X
08 50 [ewer 280 R R Frotiabhaliily B = N R GANG OF EIGHT ER
4015 40 | 1098 19 as¢ ? Yeliow 85 = oy GRAMM
&9 s 8| a5 | Aregninessred se COMPUTER CORNER EPROM PRO
4017 40 ey o8 | 4580 258 | High:Bri Green or A Copies up to eightata pass, 2716 t0 27256.
201 % |ne2 96 | 4581 128 | re 8 BBC Master 128K Microcomputer : EPROM type is set by switches. Erasu;e is
4020 so | 1163 98 [ 4582 . 99 ;;frg‘du e 5 Se»kos'\?au%%sgixt& GFSDErTng:erS . checked ﬂutoma“fal”yd S'lmp'ecﬁgﬁs{f’m
55 [4174 96 [ 4se3 100 £Ds. Red, EPS ot matrix . Alpha liquid crystal display
prid) 60 | 4175 108 | asea & e s Red o LX80 Tractor Feed Attachment facility 6 hex digits. FAST or NORMAL
4023 20 ‘:zg; ;gg :ggg 330 | Rectangle Stackable LX80 Cut Sheet Feeder . . programming.
4352 g: ‘,405 850 | 4599 155 IF-‘EgE Yellow18 Epson FXBSGDLot (Tlitg))( g’.’":e’ . . £385
4 p ed, Green or Yellow i P rinter . ..
4410 725 | 40085 90 Centronics
S92 30 |11 750 | aooer 45 | Loanauler LEDs Tractor feed attachment for GLF'....... . £9 MENTA — The Z80 TUTOR
aa12 805 | 40098 A/TAX, rinter. . . X
W% 43 41> 580 |aotoo 215 |Creenoryelow 22 | KAGATAXAN KPO10 Primtor. . Designed for Schools and Colleges to
4030 20 e 239 ii%s 132 | SFhzos Detector 118 Brother HR15 Daisy Wheel Printer. . ... teach 280 Machine code. Menta uses TV
4031 125 (4422 770 | 40102 100 | O O Red 82 1o . for display. Shows STACK & PROGRAM
4032 85 |ii% 509 | 400a 10 | TiL7é Detector 88 Securicor Carriage on above. ............... ‘in HEX. Editing facility includes: direc:
B | m)ien g ine % | SRS keyeoard ASSENBLER, RS-252 Outpy
4451 350 | 40106 40 | TIL i DISASSEMBLER. Used to write bug
a0 aE0[4aso  aso|aotor s BARGRAPH ARRAY Sare U Lam (i) short machine code routines. Menta is a
325 | \sricd A lete_controller with 24 bits of I/D
dosr B LI 35| 4onee MVS7164 fed. IN AT OUR RETAIL SHOP FOR A DEMONSTRATION OF complete_contro
i9 a0z S| %0 28 [Mseisicm. Y OF THE ABOVE PRODUGTS. BE SATISHED BEFORE YOU used for ROBOTICS,
0 "8l asiaia aee| isoutoss’ | ANYOFTHEABOVEPRODUCTS. BES DESCRIPTIVE MICRO
4041 55 | 4504 7 145 CATALOGUE.
s | ILD74
4042 45 | 4505 250 | 40163 La7a 275 .
4043 a5 | 4506 100 [ 40173 100 ? - :
7 75 | TIL111/2/4 0 "
pror o B SR prie 458 | 15CT8 Darington 135 57" Disc Drives for the BBC BBC & MICROCOMPUTER
4510 © 55| 40181 . " .
B OR|E BllE Ck|aihe (A1 Drvesare suppled cased it & ACCESSORIES
4048 50 | 4512 85 | 401 3§ ;g Darlington Power Supply and Utilities Disc _
4513 150 | 401
:ggg gg 514 115 | 40194 ;g TVILs;&m;péglwl‘l;B @ (£S200 — Epson Slngle 200K, 40 track Double sided BBC Master 128K £425
4515 115 | 40195 - )
4051 120 f BBC Micro peripherals,
4052 40 | 4516 50| 40244 150 140 @  £$400S — Mitsubishi Single 400K, Double sided We stock the full range of icro p s,
4083 ©lie ok Jee|mbnsce 14 40/80 track switchable. . . Hardware & Software like, Disc Drives (Top quality
praed 10 1 4s19 3| 40373 220 | T80 | 140 ®  CD400 — Epson dual 400K, 40 track, Double sided Epson & Mitsubishi), Diskettes, Printers, printer,
052 oo |dsa1 130 [ 45706 338 |DLTOT 3 GA 125 | it Paper, Interface Cable, Dust Covers, Cassette
:gg; 1233 ngzz 125 :zgsgg Red :gg L] CDBOOS Mitsubishi dual 800K, Dout e sided 40/80 track swnlci;a;l‘z Recorder& Cassettes, Monitors, Connectors(Rea:y
i 70 oPTO 500 130 otter (Graphic
2 OgE Blewe. e B LT raie Cave P & St e et
4082 986 | 4528 :g 82:“53 :: g g’fe;egACA 150 and Cables to house your own drives......................c....... £35 tlzk e )Sideways Ro(g;A mBoa'rd EPROM.  Eragar
4063 80 | 4528 3"%1GreenCA 150 ® Al Single Drives with Power supply are supplied in a twin case for later S, . A y i '
4066 28 | 4530 10| Bone, 2% Lop 3% Digits 496 inclusion of a second drive Machinecode ROM. The highly sophisticated Wat-
:ggg ’28 4532 85 | TIL13g 225 LCD 4 Digits 532 (Securicor Carriage on Drives £7) ford's 16K BEEB DFS, WORDWISE, BEEB-CALC,
prid 2[5 25| eerecrveopnensmion..... %5 ¢ DISCINTERFACEKIT complete - £47 Software (Educational Application & Games),
23;? §f, :‘ggg 221:0 SLOTTED Optical Switch similar to 2RS _: ngI!:I;gt_xnlg::;vzprehenmve)(NO VAT) .. €7 BOOKSs, efc, etc, Please send SAE for our descrip-
X Components. 'op Quali 5 N
o2 :S jgi? :50 ° 10 x M4 Single Side Double Density 40 track... . :}g tive leaflet.
o ) 10 x M5 Double Side Double Dens!ty 40 track £
10 x M7 Double Side Double Density 80 track.. (87 . .




The CMC Componenis

42 Clifton Industrial Estate, Cherry HIﬂTOﬂ Rd, Cambridge CB1 427
Telephone: (0223) 213374

* Ordering: All components are brand new and to full specification. Please add 65p postage/packing
(unless otherwise specified) to all orders and then add 15% VAT to the total. Minimum order £5.00.
Either send cheque/cash/postal order or send/telephone your credit card number.
Official orders from schools, universities, colleges etc mos{ welcome.

\

Credit Cards welcoﬁne
Trade counter open: Mon to Sat 9.00 - 5.00
|

DIL SOCKETS SERIAL CABLES
COMPUTERIC's B |ow profile APPLE iie to NIGHTINGALE MODEM/JUKI 6100
74121 40 6532 500 8 pin APPLE iie to NEC Printer
6551 525 14 pin APPLE iii to BROTHER HR/25/EPSON DX 100
6800 160 16pin - MACINTOSH to IBM pc/DIABLO 630/EPSON PX8/
6821 130 18 pin » I MA(ISIN'tI;?Sl;I/BB"C l\aICRO |
20 pin e can supply serial cables for all other popular
MC6802 250 e computers. Please contact us for details.

MC6809 550 22 pin .
MC6832 500 24 pin Introductory Price , £12 each

MC6840 350 ig pin
mgggg? ggg pin DISC DRIVES (uncased)

400k 5.25 TEAC Slimline £99
8216 150 SWITCHES 400k 5.25 TEAC Slimline,
Z8OPI0O 240 DIL 4 way complete with a 40/80 switch £104
Z80CTC 250 6 way 400K 5.25 Namal Drive £75
2764-25 190 8 way 3 inch Disc drives for Amstrad Computers £80
27128-25 250 10 way (p&p £5.00 for above items) )

|

i Sub-min Toggl|

LINEAR oaovon  29¢ DRIVE ACCESSORIES
tm 301 Single disk cable £5.50

319 ' SPST (2 ta Dual disk cable £7.50 -
LM 324 N SPDT Eg tag; Single disk drive case £8.00
LM 339 DPDT (6 tag) Dual disk drive case £16.00
LM 347 SPST (2 tag) Single disk drive case with own power supply
LM 348 : SPDT (3 tag) complete with signal and power cable £17.00
LM 556 SPDT (3 tag Twin disk drive case with own power supply
LM 557 centre off) complete with signal and power cable £25,00
LM 741 DPDT (6 tag) p&p £2.50 for above items.

LM 747 DPDT (6 tag

LM o centre off) TRANSISTORS
. Rockers AC127 BC149 BC184L
RIBBON 5A/250v SPST AC128 28 BC149C BC186
AC176 24 | BC153 BC187
CABLES 10A/250v SPDT AC187 24 | BC154 BC212
price/ 10A/250v DPST AC188 . 24 | BC157 BC212L
foot (neon) AD161 40 | BC158 BC213
10way 14 AD162 40 | BC159 BC213L
16way 24 CRYSTALS AF139 40 | BC160 BC214
20way 28 100kHz : AF239 50 | BC167A BC214L
24way 36 200kHz BC107 09 | BC168B BD121
26way 38 1.0MHz BC107B 11 | BC169C BD124
28way 50 1.008MHz BCio8 10 | BC170 BD131
34way 58 1.8432MHz BC108C BC177 BD132
40way 67 2.0MHz BC109 BC178 BD133
50way 84 2.4567MHz BC109C BC179 BD135
& 3.278MHz BC140 BC181 BD136
VOLTAGE 4.0MHz : BC141 BC182 BD137
REGULATOR 5.0MHz BC142 BC182L BD138
78L12 28 6.0MHz BC143 BC183 BD139
7805 40 6.114MHz BC147 BC183L BD140
7812 40 8.0MHz BC148 BC184 BD158
7815 40 10.0MHz

7905 40 12.0MHz TOROIDAL TRANSFORMERS
7912 40 1 8'0MHZ VA 1-9  These prices are for single
7915, 40 ' 20.0M z 15 5.47  primary with two secondary
LM323K 400 20.0MHz 30 5.56  taps, with 8 colour coded fly
50 6.31 leads, Each transformer is
‘D CONNECTORS : 80 6.82  supplied with a mounting kit,
male 15 120 7.40  consisting of one steel washer,
solder 50 80 : 160 8.72 two neoprene pads, and a nut
angled 110 170 225 9.70  and bolt.
female 300 10.84 P&P £2.50 for above items.
solder 85 120 500 14.47
angled 150 200 1000 29.76
cover 70 70 1.2KVA 34.32
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

]
Nuff Said
‘What we have seen recently is a
tragic shuttle failure, two Titan
rocket failures, the Delta rocket
explosion, the Chernobyl nuclear
accident and a surgical bombing

raid on Libya that turned out not
to have been so surgical. It con-
firms what a lot of us knew all
along—technologyis notperfect-
ible,’ John Pike, associate director
of the Federation of American
Scientists,

Patently
A Patch-up

B ritish Government proposals

meant to ‘encourage innova-
tion’ have been published in a
White Paper entitled ‘Intellectual
Property and Innovation’ (Cmnd
9712, price £6.70 and available
from . Her Majesty’s Stationery
Office.)

Launching the White Paper, the
Secretary of State for Trade and
Industry, Paul Channon, claimed
that the proposals would make
the UK’s intellectual property
system — which covers patents,
copyright and trade marks —
‘more accessible and relevant’. In
fact, the major proposals seem
destined to make the system
more intrusive and more
confusing.

In only one area are the pro-
posals actuallylikely to encourage
innovation—thatis, the intention
to allow easier public access to
the Patent Office database. The
patent system itself will remain
almost unchanged. The Govern-
ment’s plan to take the Patent
Office away from the Civil Service
and make it a ‘body corporate’
rather like the BBC could be seen
as a prelude to privatisation, It
seems quite plausible that the
Government may wish to make
the - Patent Office a paying
business — charging for the
traditional and newer services it
has on offer.

Circuit designers will not find
their position substantially mod-
ified as aresult of any of the White
Paper’s recommendations. Pro-
tection of circuit designs may be
afforded by the patent system —
although little has been sugges-
ted to make it less unwieldy and

expensive than it is. No clarifica-
tion has been offered on the
definition of or:gmahtyas farascir-
cuits go. There is a problem issue,
since it can take vast amounts of
time and money to prove a design
does more than merely exploit
the well-known characteristics of
its components parts. For many
manufacturers in such a fast-
moving field as electronics,
market lead has become far more
important than patent
protection.

It is possible that a proposed
‘unregistered design right’ may
apply to circuit designs —
although the White Paper men-
tions only ‘semiconductor ch:ps
in this context. The new right is
intended to protect the designs of
‘purelyfunctional articles’ foraten
year period. Disputes will be
settled by the patent office but,
unlike patents, the new right will
not require the registration of a
design.

It could be argued that a circuit
design is the perfect ‘purely fuc-
tional article’since it doesn’t even
necessarily have a physical form,
thereby avoiding all aesthetic or
decorative aspects of its design. In
fact, the White Paper recom-
mends that the new right will
come into force with ‘the first
expression of the design in any
independent form, such as a
drawing or in a computer, from
which the article embodying the
design can be produced’ as well as
from ‘the first making ofthe article
embodyingthe design.’ We will, of
course, have to wait for the White
Paper to become law and for the
lawto betestedin court before we
can safely assume that the new
right will benefit circuit designers..

For the public as a. whole,
perhaps the most significant
recommendations in the White
Paper are the opes dealing with
home taping.

The expected levy on blanktape
is to be introduced, but will only
cover audio compact cassettes
ofgreater than 35 minutes playing
time. ‘The levy,’ says the Depart-
ment of Trade and Industry, ‘will
entitle consumers to make, for
private purposes, sound record-
ings of broadcasts or pre-
recorded material but not to copy
computer programs.” Make what
you will of the fact that videotape,
reel-to-reel tape and compact
cassettes of 34.9 minutes playing
time are excluded from the levy.
Make what else you will of the fact
that private recording from TV
broadcasts is to be legalised but
not from pre-recorded video
material. The proposals are shot
through with such potential legal
and moral minefields.

On thée whole, the White
Paper is a patch-up of the intellec-
tual property system, which barely
brings copyright and patent up to
date and certainly does not
simplify the intellectual property
system. The idea that its recom-
mendations will ‘benefit . . .
innovative talent’ (as. Paul Chan-
non has said) is, to be kind, pro-
bably blind optimism.

One or two minor points worth
noting are that the White Paper
confirms the current position that
computerprograms are subjectto
coprighteveninnon-human read-
able form (for example, on ROM
chips) andthat low powersatellite
broadcasts for TVRO or SMATV
systems will also be subject to
copyright,

Tre m[ﬁﬁ@f’
FGMFUFE’"
investiga

T ests at Sandia National Lab-
oratories are producing the
first live TV pictures of silicon chip
transistors as they experience a
potentially catastrophic current
surge, The surge is known as snap-
back, and if left uncorrected, can
ruin the integrated circuit con-
tained on the chip.

The pictures show a 1/100th
of an inch square portion of a %"

ETI JULY 1986

IC. During snapback, micro-
scopictransistors appear as short
bright lines on an infrared TV
image. The brightness is caused
by high energy electrons flowing

through the transistor. Transis-

tors not in snapback do not shine
because they have no high energy
electrons.

Snapback attacks in-channel
metal oxide semiconductor tran-
sistors. Some microelectronics
experts believe that without pro-
per planning and understanding,
snapback could become a pro-
blem for the next generation of
extremely small ICs, which will
have individual features of 1.5
microns or less.

Snapback occurs only if two

conditions are present. First, the
transistor must be operating at or
above a certain voltage, called the
snapback voltage. Then an initiat-
ing event (weapon-produced x-
rays or simple static electricity
that can occur during wafer test-
ing, for example) must trigger
snapback by producing an over-
abundance of electrons in a tran-
sistor. The excess electrons pro-
duce the uncontrolled current.

If allowed to continue, this ex-
cessive current can melt the wires
that connect an IC to'its ceramic
package or the wires that inter-
connect different devices on the
IC. Snapback can also cause elec-
tron migration, which can lead to
short or open circuits.

Sandia’s computer-controlled
snapback test setup includes a
750 watt pulsed xenon laser (typi-
cally used for cutting metal and
polysilicon lines on ICs, but used
here to simulate the snapback
triggering event), an automated
probe station (typically used for
obtaining a variety of electrical
measurements on wafers), an
infrared microscope TV camera
and monitor, and appropriate
voltage and current measuring
instruments. The laser pulse
deposits enough energy on a 10-
micron-square region of the ICto
initiate snapback, thus permitting
the minimum voltage required
for sustained snapback to be
measured,
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"QUALITY|
FRACTIO|
are for "ol
Colleges G
ORDERS.
+15% VA

CARBON FILM
5"s HIGH STAB
LOW NOISE

W E24
W E12 sp
2WEZ 9
METAL FILM
ULTRASTABLE
0.4W EXTRA
LOW NOISE
10910 1 MQ
1 E24 3p
LOW OHMIC
GLAZE 0.5W
0.22Q 1o
82Q
€24 7
WIRE WOUND
ON CERAMIC
€12 SERIES
2103W 0.22Q
103309 29

4107W 0.47Q

PRESETS
ROTARY POTS
LOW NOISE
'+ SPINDLES
E3 SERIES
47102 M LN

40p
4k7 102 M LOG

a0p
As above with
DP Mains

Switch 99p
As above stereo
1.3

PRE SETS
PIHER
(DUSTPROOF)
E3 100 Q 1o
10 MQ
Mimi Vert  12p
Mini Horiz  12p
Standard Vert

4
Standard Horiz

14
CERMET 20
TURN
PRECISION
PRESETS
*a"'E3 SERIES
50Q to S00K

99

1 3 8" E3 SERIES
100 Q to 100K
1.19]

CERAMIC
100 V

DISC (PLATE}
E12 MICRO

MINI
TYPICALLY
+ 5%
1pF 1o 4n7  6p|
POLYCARB 5%|
SIEMENS
7.5 mm
MINIBLOC
250 V
InF 10 6n8  8p
10nF 1o 47nF9p
56nF to

100nF 12¢
150nF 154
100 V

100n, 120n 124

150n 1
180n, to 220n
15p
270n 16g
3300 224
390n 24
470n. 560n 27
680n 334
14F 110mm) 379
2.2uF (15mm)
75¢
POLYESTER
250V RADIAL|
10n 10 100n 8,
150n 10y
220n n
330n 15
470n 16
6800 19
1uF 2
1.54F a3
2.2,F 45

TANT _BEADE

135V 14
22 35V 14

333V 14

47 35V 14p
68 35V 14

138V 14p
1535V 14p
2235V 15p
3335V 18p
473V 1p
6835V 23p
016V 21p
03V 31p
1516V 25p
15357 4lp
2263V 29
2216V 32p

7 3V 32p
47 63V p
a7 10V 78p
a7 16V 99p
1003V 3p
100 6.3V 1.28
100 10V 1.97
100 6V 275

ELECTRO
LYTICS
Mainly
Panasonic

AXIALS (Wires

each end)
uFd v
47 63 9%
47 100 10p
1100 10p

1 450 39
22 25 %
22 63 10p
22 100 13p
2.2 450 43p
33 40 13p
33 63 14p
47 35 10p
47 50 13p
47 63 14
47 100 16p
47 450 45p
10 25 9%
0. 50 Wp
10 63 16p
10100 18p
10 450 58p
2 25 13p
22 40 16p
22 63 18p
22 100 24p
22 450 66p
47 25 16p
47 40  20p
47 63 '30p
47 100 32p
47 450 132
100 16 16p
100 25. 18p
100 50 25p
00 63 2%
00 100 34p
100 450 1.95p
220 10 18p

20 16 19
20 25 25p
220 40 29
220 63 34p
220 100 46p
470 16 25p
470 25 32
470" 40 38p
470 63 50p
470 100 €9
000 16  34p
1000 25 43p
1000 40 53p
1000 63  75p
2200 16 53p
2200 25 71p
2200 50 80p
2200 63 1.54p
4700 16  87p
4700 25 9%

RADIALS
(Wires one
end
uFd V

10 35 3
22 10 13
2 16 8p
47 10 8p
a7 16 9p
100 10 10p
00 16 1lp
220 10 13p
220 16 13p
470 10 14p
100010 23p
100016 28p
220010 39p
2200 16 51p
470010 75p

7402 25p
7403 26p
7404 35p
7405 25p
7406 39p
7407 39
7408 25p
7409 25
7410 25p
741 25p
7412 25p
7413 asp
7414 59p
7416 35
7420 25p
7421 25p
7422 25p
7423 35p
7425 35p
7426 39
7427 39p
7428 3%
7430 25p
7432 35p
7437 29p
7438 39p
7340 3%
7441 39
7442 85p

7444
7445
7447
7448

7450
7451
7453
7454

7460
7470
7472
7473
7474
7475
7476

7480
7481
7482
7483
7484
7485
7486
7489

7490
7491
7492
7493
7494
7495
7496
7497

74100
74104
74107
74109

74110
74116
74118
7419

74120

74LS01
74LS02
74L803
74LS04
74LS05
74LS08
74LS09
74LS10
7aLS11
74LS812
74L813
74LS14
74LS20
74L821
74L822
741827
741528
74L830
74LS32
741833
741837
74LS38
74LS40
741842
741547
74LS51
74L554
74LS55
74LS73

a9p

65p

Access

COMPONENTS FROM CRICKLEWOOD! This list contains only a

N OF OUR STOCK, which is constantly being updated. Prices quoted
he-offs'’ -quantity discounts by negotiation. Official. orders from Schools,
ovt. Dept etc welcomed. WE.SPECIALISE IN CREDIT CARD PHONE
A quick call will check stock position and current prices. Add 60p p&p

741874

74LS75

741876

74LS78

741583

74LS85

741586

74LS90

741892

74LS93

74LS95

74L8107
74LS109
74L8112
74LS13
74LS114
74L8122
7415123
7415124
7418126
7415126
74L8132
74LS138
74LS139
7418145
7418147
74LS148
74L8151
74LS153
7418154
74LS157
74LS158
74LS160
74L8161
74LS8162
74L8163
74LS164
7415165
74LS166
74LS169
74L5170
74L8173
74LS174
7418175
74LS181
74L8183
7415190
74LS191
74L8192
74LS194
74LS195
7415196
7415197
7418221
7415240
7415241
7418242
74LS243
74L8244
7415245
7418247
7415248
7418249
74LS251
7418253
7418257
7405258
74LS259
74L5261
7415266
74LS8273
74LS275
74L8279
7415280
7415283
7415290
74LS293
7418295
7415299
7418323
74L8324
74L8325
7418326
7418327
74LS347
7415348
74LS352
7415353
74LS365
74LS366
7415367

7409368 °

7418373
7418374
7415378
7418386
74LS390
74LS393
74LS395
7415396
74LS398
7415399
7415490
74LS540
74LS541
7415640
7415641

4023

4024 49p
4026 1.50p
4027 39p
4028 47p
4029 75p
4030 35p
2031 1.25p
4032 65p
4034 1.39p
4035 95p
4036 2.75p
4038 85p
4040 59p
4041 55p
042 49p
4044 a9p
4045 99p
4045 59p
4047 59p
4049 35p
4050 38p
4051 65p
4052 55p
4053 s5p
4054 7%
4056 79p
4059 3.95p
4060 65p
4063 85p
4066 39p
4067 2.25p
4068 25p
4069 25p
4070 25p
4071 25p
4072 25p
4073 25p
4075 25p
2076 65p
4077 25p
4078 25p
4081 25p
4085 55p
4086 59p
4089 1.19p
4093 35p
4094 69p
4095 89p
4096 89p
4098 79
4099 9p
40103 1.95p
4502 55p
4503 35p
4505 3.50p
4507 35p
4508 1.19p
4510 49p
4511 49
4512 49p
4514 1.04p
4515 1.05p
4516 55p
4518 45p
4519 29p
4520 a9
4521 1.09p
4522 79p
4526 65p

ASK
. FREE
CATALOGUE

6803 5.99
6809 6.49
8035 5.49
8039 4.99
8035 ASK
8086 11.50
-8088 9.50

ZB80ACPU 2.95
Z80BCPU  7.95

MEMORIES
M4 250
2532-300N 3.49
2532-400N 3.45
2564 7.74
2708 3.50
2716 3.45
2732 3.99
2732A 4.50
2764 280  2.80
27128250 2.90
27256 250 6.50
4116 150N 1.95
4118 4.65
4164-150 1.65
6116LP3  1.79
6264 3.75
6810 1.55

8

+ A o0 | 26172
79057 66p | 250313
79067  1.35p | 25J49
791217 66p | 25J50
79157 66p | 25082
79247 66p | 2583
1% Amp TO3 | 25KS5
7905k 2.59p | 2SK134
7908K  2.70p | 2SK135
7912k 2.59p | 25K226
7915k 2.59p | 25K227
7918K  2.95p | 3N201
2.95p | 35K88
40250

AC142K |

T to all orders. Al in-stock items despatched same day unless notified.

W
b3
°

oo
S8
s

: M

MISC LOGIC RA
O

146818 4,50
ADCOB04 5385 | 2N2219
ADC0816 2N2219A
20.80 | 2N2222
ADC0817 2N2222A
1254 | 2N2369
SAA5000 405 § 2N2369A
SAA5010 7.81 | 2N2303A

SAA5012 781
SAA5020 5.95 | 2N2905A
SAA5030 6,99 | ZN3053
SAAB040 2N3054
15.95 | 2N3055
SAAS04! 2N3055H
15.95 | 293439
s '35 | 20
SAA5070 Ry
18.95 | In3s53
8126 1.09 | on3632
8128 1.09 | SN0
8795 100 | N2
8797 1.09 2N3704
8iLses  1.65 | SN3700
81197 1.65 | Sn3708
81LSI 165 | on3v07
811598 1.65 | Sna819
6522 3.49 | 5N3820
6522A  5.45 | HN3g66
6532 5.25 | 5n3903
6821 175 | N304
6840 3.75 | 5n3905
6845 6.49 | Sns06
6847 6.49 | 5N4036
8154 Ask | 5na037
8155 330 { SN4240
8212 220 | Sna400
8216 160 | Snado1
8224 295 | onaao2
8226 2,95 | 2na427
8255 350 | 2nag7
8271 53.00 | 2N5206
780ACTC 2.9 | 2n5298
ZBOADART 2NB401
7.99 | 2n5a15
780API0 3.19 | 2N8a16
ZNA25E8  3.49 | 2N5a47
ZN426ES  7.99 | 2NS448
7N427E8  6.89 | 2N5449
ZNA428BEB  4.55 | 2N5450
2N5451
2N5457
} 2N5458
_ Ppositive — | 2N5459
100mA TO92 | 2N5460
7805 -~ 29p | 2NS5S51
7806 47p | 2N5657
7808 47p | 2N5684
7809 47p | 2N5686
78012 29p | 2N58%4
78L15  29p | 2N5886
7818 47p | 2N6027
7824 29p | 2N6030
1 amp To220 | 2NGO3)
7805T  55p | oN6059
78067 85p | g3
78087 85p | Jna1o6
78121 55p | Sngo1n
781657 55p | Snaoss
78187 85p | Sness7
78247 55p 2INB676
1% Amp TO3 | 254496
7805k 2.33p | 254509
7808K  2.73p | 25A678
7812k 2.33p | 25A684
7815K  2.33p | 25A699
7820k 2.33p | 25A706
— Negative — | 33A701,
100mA 7092 | 52p507
7905 4% | 5gpsa
79012 49 | 320016
79015 49p | 52pee8

9p
3%

FREE CAT.
FOR THE
ASKING

AC176 39p

AC176K  49p

ACI87 39

AC187K 49p

AC188 39p

ACI88K  49p

AD161 55p

AD162 55p

BC107 16p

BC107A .17p

BC1078  19p

BC108 16p

BC10BA  17p

BC108B 18p

BC108C 20p

BC109 17p

BC1098  18p

BC109C 21p

BC140 38p

BC141 43p

BC147 15p

BC148 15p

BC149 16p

BC157 39p

BC158 37

BC159 a4p

BC160 55p

BC16t 59p

BC169 19p

BC169C 23p

BC177 29p

BC178 29p

BC179 31p

BC182 15p

BC182L 15p

BC183 14p

BC183L 15p

BC184 16p

BC212 16p

BC213 17p

BC213L  15p

BC214 18p

BC21aL  19p

BC300 59p

BC301 59p

BC302 59p

BC303 59p

BC327 16p

BC394 52p

BC440 35p

BC441 37p

BC447 33p

BC448 33p

BC449 39

BCA460 38p

BCA61 a2p

BC477 37

BC478 38p

BC479 38p

BC546 16p

BC547 19p

BC548 16p

BC549 17p

BC550C  19p

BCS57 19

BC559 18p

BCS60C 19p

8C639 27p

BC640 27p

BC650 27p

BC6E51 27p

BCY70 31p

BCY71 33p

BCY72 25p

BD131 63p

BD132 63p

BD135 30p

B8D136 30p

BD137 36p

BD138 36p

BD139 38p

BD140 38p

BD237+ 4a5p

BD238 a5p

BD239A 63p

BD239C  66p

BD240A  68p

BD240C 79

BD241A  66p

BD241C  68p

BD242A 69p

B8D242C 79

BD243A 76p

BD243C 81p

BD244A  76p

B8D244C 84p

BD245A. 1.26p

BD245C  1.30p

BD246A 1.30p

BD246C 1.46p

BD410 1.65p

BD419  1.45p

BD440 79p

BD441 99p

BD442 99p

BD529  1.10p

BD530  1.26p

BD535 82p

BD536 82p

BD537 85p

BD538 85p

BD651 99p

BD652 99

BD677 89p

BD711  1.50p

BD712  1.50p

B8D762 9p

BDT63 98p

BDT64C 1.42p

BDT65C. 1.37p

BDVB4A 2.34p

BDVESA 2.34p

BDV65B  2.55p

BDV66B 2.65p

BDVO3  1.05p

BDVS4  1.05p

BDX32  3.90p

BDX33A 1.22p

BDX33C 1.26p

BDX34A 1.22p

BDX34C 1.26p

BDX42 78p

BDX43 83p

BNX45 85p

BOX66B 4.76p

40

() 4
BDX678  4.76p
BDYS6  3.23p
BF180 46p
BF198 18p
BF199 18p
BF200 7%
BF244A  83p
BF244B ~ 83p
BF245A  63p
BF2458  60p
BF246 67p
BF246A  69p
BF246B 69
BF256A  67p
BF2568 - 67p
BF256C  67p
BF257 67p
BF258 68p
BF259 69p
BFA457 48p
BF458 59p
BF459 65p
BF900  1.33p
BF961 69p
BFRYO . 2.25p
BFRIT  2.75p
BFS61 65p
BFS98  27p
BFT66  2.75p
BFX29 65
BFX30  60p
BFYS0  36p
BFY51 36p
BFY52 36p
85170 65p
BSVB!  2.65p
BSX20 - 33p
BSX21 4%
BU105  1.89p
BUIOS 249
BU109 199
BUI26  1.94p
BU204 249
BU205 1.9
BU206  2.16p
BU208  1.93p
BU226  4.45p
BU326S 2.75p
BU406  1.58p
BU407  1.58p
BU48  1.49%
BU409  1.69p
BU500  5.01p
BUX48  6.75p
BUX80 ~ 1.99p
€430 7.32p
J300 88p
J310 88p
MJ802  4.70p
MJ900  3.21p
MJ901  3.39p
MJ1000 . 1.78p

MJ1001  1.86p
MJ1800
MJ2500
MJ2501
MJ2956
MJ3000
MJ3001
MJ4502
MJE340
MJE350  1.20p
MJE2955 _2.52p
MJE2955T - 92p
MJE30S5 2.42p
MJE3055T *89p

MPSAQS  17p
MPSA0S.  17p
MPSA12  29p
MPSA13  25p
MPSAt4  25p
MPSA20  49p
MPSA42  29p
MPSA43  29p
MPSAS5  17p
MPSAS6  17p
MPSA92  27p
MPSA93  27p
MPSLOT 29
MPSL51  29p
MPSUO5 1.24p
MPSU06 1.34p
MPSUO7 1.64p
MPSUS5 1.42p
MPSUS6 1.72p
MPSUS7 1.86p

MRF450A 18.88p
TIP29A  35p

TIP2OC  42p
TIP30A  37p
TIP30C a4y
TIP31A  66p
TIPIC  S7p
TIP32A . 58p
TIP32C 59
TIP33A  1.22p
TIP33C  1.35p
TIP34A 1.27p
TIP3aC  1.35p
TIP3SA  1.87p
TIP3SC  2.14p
TIP36A  1.94p
TIP36C  2.22p
TIPA1A  47p
TIPAIC  58p
TIP&2A  62p
TIPA2C 65
TIP49  1.05
TIPSO 1.15p
TIPS3  2.35p
TIPS4  2.66p
TIP110 © 67p
TIP112 76p
TIPS 70p
TIPYI7 78
TIPI20  74p
TIP122  80p
TIP127 84p
TIP130  1.06p
TIP132 119
TIP135  1.13p
TIP137  1.20p
TIP140  1.85p
TIP142  2.13p
TIP145  1.95p
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TIP147  2.27p
TIPI62 237
TIP2955  95p
TIP30S5  88p
T1S43 61p
VN10KM 69p
VN46AF  1.46p
VNGBAF  1.65p
2TX107  16p
2TX108  15p
2TX109  18p
2TX300  16p
ZTX301  17p
2TX302  18p
2TX303 18
ZTX304 20p
2TX310  21p
ZTX312  23p
21313 24p
21X314 27p
2TX320 22
2TX330  26p
7TX341  25p
2TX450 22
2TX500  18p
2TX501 19
ZTX502  20p
ZTX503  21p
ZTX504  22p
2TX510  22p
ZTX531 26p
ZTX650  36p
ZTX651  38p
2TX652  42p
ZTX653  45p
ZTX750  37p
ZTX751  4lp
2TX752  45p
2TX783 47
AAN6 29
AATIS  30p
BA102 57p
BA1SS  20p
BA1S6  25p
BA1S7  25p
BAIS3  20p
BA1SY  21p
BA1B2  31p
BA317 ap
BAVIO  10p
BAV20  13p
BAWAY  21p
BAX13 8p
BAX16 8p
BB105 65p
88109 45p
BY126 12p
BY127 13p
8Y133 19p
BY399 27p
MR754
1400V 6A) 61p
MR756
(600V 6A} 87p
0A9? 16p
0A200 10p
0A202  1p
IN914 ap
1N4001 4p
1N4002 4p
1N4004 Sp
1N4007 7
1N4148 3p
NS401  13p
IN5404  16p
1N5408 20

p
17A 200V 125p
17A 800V 158p
70A 400V 230p
70A 1.2KV 295p

TRIACS
DIACS

THYRISTORS
48 & 12 Amps

Texas T0220
Suffix A

100 v
Suffix B -

0V
Suffix C -

00 V
Suffix D

a00 v
Suffix M

600 V
4A
TIC106A  66p
TICI06B  67p
TIC106C.  68p
TIC106D  69p
TIC106M  75p
8A
TIC116A  88p
TIC1168  89p
TIC116C  93p
TIC116D  97p
TIC116M  99p
12A
TIC126A  86p
TIC1268  90p
TIC126C  91p
TIC126D - 92p
TIC126M 1.10p

TRIACS

Texas 400V
T0220 Case
TIC206D -
(aa) 79
TIC225D .
(6A) 88p
TiC226D
8A) 89p
TIC236D
(124) 137
TIC246D
(16A) . 1.40p
TIC253D
(20A)  2.70p

OOD BROAD i
DO
0 /] D 099 0110
TIC263D LM301AN 36p | TLO74  1.09p | expose to UV
25A)  2.91p | LM304H 4.34p { TLOSI 39p | Single sided
DIACS LM307N * 74p | TLOB2 s6p | 100 - 160 2.25p
BR100,063 LM308N  69p | TLOB4 99p | 100 220 2.65p
ST2  29p fLM309K 2.09p TL4%4 420p | 203 - 114 2.55p
LM310N 3.33p | TL497  2.69p § 233 - 220 5.75p
LM31IN - 69p gggg 3 ;sp Double sidecl
LM317K  357p -77p | 100 - 160 2.35p
Eg‘;\’ggg LM317T  1.45p | UAA170  2.49p | 100 - 200 2.95p
400mW 3V3 1o | LM317HVK UaA1B0 2.49 | 203 - 114 3.05p
3V 7 10.80p | ULN2001 1.54p | 233 . 220 6.45p
TAW ava o JLmaza  agp | ULN2002 1.54p | Developer for
v fap | LM3342 139 ULN2003 1.15p § above (do not
Sew 7v5 1y | LM335Z  1.47p F ULN2004 1.150 | use Sodium
75V 75p | LM336Z 1.30p UPC575C21.19p | Hydroxide)
S 3V3 10 230 | LM337K 6.58p | UPCT156H 500mi  3.19
© op | LM337T 1.36p 1.75
P | m3zon  4sp | UPC11BY 1.37p
LM328N  8ap § UPC1182 1.37p
BRIDGE _ Fideiviliiacd Imatr-Rr) BTN
(PIV shown | [yocn gTga0 fUPCIIBS  97p METRE
in brackets) | MAZOL 8oap | Opca002 195 Solid
1% amp wype | WASED 2o | xRz206 3.95p | connecting
WO1{100) 28p wire
LM380N141.19p | XR2207  4.00p
WO202000 380 | \agong 139, | ZN409  1.49p MAINS
WO04(400)  33p 3% | SNata 84 SPEAKER
LM381IN  3.50p P | 1 in 1 Ampl6
2 amp type LM382N  1.93p | ZN1034  1.99 Amp15p
Square g Twin 2% Amp
> LM383T  2.76p
with hole LM38aN  2.75p 9
3 Core ~
e P rormicrs Eiytie
SO4(4001  Sp | LMIBIN 189 Post 3 Core
P | Lm3sen  1.60p inc 13Amp  62p
6 amp LM391N601.55p rices SCREENED
Square LM391N801.75p | o, :«v(h 2a0v | Single 16p
with hole LM396K 22.34p Stereo 29
PWO1(100) 95p | LM723CH 1.25 primaries
-£9p Mini single 13p
PWO2(2001 935 | LM723CN 30 | 6 o 9™ | oo | wini Stereo 169
PWOA(AOOi‘ . Lm7ZSEN 590 | 30oy 218 | 4 Core’
PWOBI600) p | LM741 Ln.osp 12012y 239 )4 Screens 49
LM741CN 280 | 150 15v  2.49 | 4 core single
1.39 | LM741CN14 VA Screen 62p
25 amp type 12004, . gy a3p|8Core 73p
Metal clad | LM747CN 579135 © o0 a3p| 12 Core  88p
with hole LM748CN  62p 15 . 15y 43p| Heaw Duy
KO1(100) 2.62p | LM1035N 5360 |5 | 15y 43| Mike Guitar
K02(200) 2.75p | LM1037N 3.620 | 5 © 50y 4739 | Lead 33p
K04(400) 3.26p | LM1458N  44p BOVA AERIAL
KO6(600) 4.10p | LM1496N 167p | 5 | 15y~ ggg5| 5092 RGSBA
BYW64 35A LM1886 558 | 5 oy gog 29
400W . 3.86p tm;ggg fggp 5. 20v Bgs| 750 UHF 31p
pl5 . 3v s9s| 750 VHF 31p
m pviiive s ERIEVIEEL] R oth
any welrs 66p RAINBOW
wonderful | LM2917N 2.66p RIBBON
devices in | LM2917N82 66p Prices
stock, inc var | LM3301 1.16p “ per foot
shapes & sizes | LM3524  2.95p | 017 COPPER | 5 00 25p
of LEDS. | LM3%00  69p | ~ TRACKS 4605, 395
R - Red LM3911 2.09p | L - W (mms) 4 56,5, 8p
G - Green LM3914  2.99p | 50~ 100mm 49p § 5, o0 62p
Y - Yellow LM3915 "2.99p Zgo' ‘?gomm 690 { 35way 750
Large diffused | LM4250 2.89p 2100mm | 34 82,
1. LM13600 1.64p 79 40wa; 332
RSD 10p { LM13700 1.64p | 150 ~ 100mm 6dway  1.49p
GSD 16p | MC1466L11.99p 129
Y5D 16p | MC1468L 8.50p § 160/ ‘°°'“T
Small diffused | MC1488  99p P
R3D 10p | MC1489  99p | 200 - 100mm s ANTE’I‘N
G3D 16p | MC3340  2.66p 159p |  SOLDERING
Y30 16p | MC3357  2.11p | 500 - 100mm IRONS
Micro 0.1 | MC3446  3.98p 389p | €250 (15W)
RIM 21p | MC3247 5.50p | V@ Board 225p 6.20p
GIM 230 | MC3470 6.95p | Track cutter XS250 (25W)
YIM 23p | MC4024  6.60 165p -50p
Large. clear | MCa0aa 6 G0n | Pin inserter239p | tron Stand
RSC 14p| MF10 2.18p | 100 pins s suﬂs;d ‘ 2.10p
G5C 19p | NES29  2.25 0 lements
vac 190 | Nessin 7.38p | 100 pins d-sided | (State ron)
Super bright | NES43N  2.75p 65p . 2.75p
high efficiency | NES4aN 2.31p | Verobloc 495p C240 Bits
Large (100 | NEsSS 28p | Vero wiring No 2 (Small
times brighter]. | NESS6 69p | pen * spool 1100
RS 530 | NESS8  1.89p 429p | No 3 (Med)110p
GsU 230 ] NESGO  3.25p | Spare spool83p | No 6 (Microl
Y50 s53p | NESGs  1.06p | Combs 8 20 25‘5“:”
- 25 Bits
el I ] PP fo et
LEDS NEST0  3714p for free 10p
NES7TIN  1.98p catalogue | No 81 (Large)
140p

3
3.99p
4.95p
69p
5.54p
3.33p
69p
79p

AY38910
AY38912
CA3046
CA3048
CA3059
CA3080E
CA3130E
CA30T 2.22p
CA3140E  45p
CA3140T 1.67p
CA3240E 1.39p
HA1366W 1.99p

HA1388  3.96p
HA1389  2.96p
HA1389R 2.96p
HA1392  3.69p
HA1397 4.89p
ICL7106  7.51p
ICL7107  9.37p
ICL7611  85p
ICL8038  3.40p
ICM7655  69p
ICM7556 1.49p
1200C  1.9%
LA4201 1.9
LA4400 = 1.99p
LA4420 " 1.36p
LA4422 1.93p
LA4430  1.94p
LA4440  2.98p
LA4460  2.98p
LA4461  2.98p
LF347 169
LF351 39
LF353 65p
LF355  1.15p
LF386  1.09p
LF357  1.63p
LF398  6.50p
LM10CH 6.99p

LM11CRH 10.95p

NESS32AN

NESS34A
RC4194
RC4195
RC4558
RC4739
SN76477
SN76003
SN76013
SN76023
SN76033
TA7204
TA7205
TA7222
TA7227
TBAS00
TBAS10
TBAS20
TBAS30
TBAS40
TBASS0
TBAS60C
TBAS70
TDA1002
TDA1003
TDA1010A
TDA1011
TDA1022
TDA1024
TDA1151
TDA170S 3
TDA2002
TDA2003
TDA2004
TDA2020
TDA2030
TDA2611
TDA4600
TDA7000
TEA1002
TLO61
TLO62
TLOB4
TLO71
TL072

2.75p
1.99
1.59p
2.79p
2.49p
3.95p
62p
9gp
1.250
39p
56p

FERRIC
CHLORIDE
Quick
dissolving
Enough to
make over
1 litre 1.75p
ETCH RESIST
TRANSFERS

1 Thin lines

2 Thick lines

3 Thin bends
4 Thick bends
5 DIL pads

6 Transistor

pads
7 Dots & holes
8.0 1" edge
connectors
9 Mixture
Any sheet of
above 39p
GRADE ONE
GLASS PCB
SINGLE
SIDED
178 - 240mm
1

420 - 195mm
Sp
420 - 245mm
3.75)

DALO ETCH
RESIST PEN
« spare nib

1.

PHOTO
SENSITIVE
PCB
1st Class
Epoxy Glass
for Letter
results than
spraying

SOLDER
125 gms
18 swg  3.90p
22 swg  3.90p
PLUGS &
SOCKETS

"D*Connectors

Male.  1.10p
Female  1.75p

CENTRONICS
36W
IDC Plug  485p

IDC Socke14ssp
Solder plug375p

IC SOCKETS
L. PROFILE
6 pin 50p
8 pin 8p
14 pin 9p
16 pin 10p
18 pin 16p

40 pin  5.35p

P SWITCHES

DPDT C.OFF

99
4PDT 379
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20 Kilo Cycles

B arry.Porter, one ofourregular
contributors, will be taking
part in a sponsored cycle ride in
aid of the British Heart Founda-
tion on Sunday June 15th,

Barry, himself a victim of heart

disease, will be joining over’

20,000 other people on the Lon-
don to Brighton run. Among
those taking part will be three
heart transplant patients, a num-
ber of people who have suffered
" variousforms ofheart diseaseand
a sprinkling of celebrities includ-
ing John Peel, Kenny Lynch and
Sharon Davies. The ride is expec-
ted to raise over £500,000 which-
will go to fund a research group
at Oxford.

Thie ride is now in its eleventh
year. It started as an informal
event with just 35 participants
and’ last year attracted over
21,000, many taking partin fancy
dress and using some rather un-
conventional forms of transport,
The £400,000 raised went to sup-
port cardiac care groups.

The riders will set out from
Clapham Common in South Lon-
don. Groups of about 600 will

start at half-hourly intervals from

around 6.00 am onwards. Barry’s
group will be setting off at the
more civilised hour of 9.00 am.
The route chosen avoids main
roads and runs through Mitcham,
Carshalton, South Merstam,
Smallfield, Turners Hill, Ardingley,
Lindfield, Wivelsfield and Ditch-
ing. The ride is not a race, and
Barry says he will be delighted to

stop and accept liquid refresh-

ment from any ET| readers who
happen to be lining the route! He
will be wearing an ETI T-shirt
whichissonewthat we can’teven
tell you what colour it will be.

Anyone who would like to
sponsor Barry (either by the mile
or a fixed amount for the whole
distance) should contact him
after 7.00 pm on 0582-65231. The
organisers are not accepting any
more entrants for this year, but
anyone who requires more gen-
eral information should contact
the British Heart Foundation,
102 Cloucester Place, London
wi. !

We hope to include a brief
report of Barry’s progress next
month,

(‘W(me QLT
PCB ﬁl Jaterfal
A novel new PCB material from
Redpoint offers a solution to

some of the cooling problems
associated with surface-mount-
ing components. Unlike conven-
tional copper-cladboard, ithasan
aluminium core which conducts
awaytheheatandreduces therisk
of local hot spots.

The new material is known as
CLEA (Copper Laminated Epoxy
Aluminium),

ETI JULY 1986

It consists of an -

aluminium sheet which is coated
with an epoxy layer. The epoxy
provides electrical insulation
whilst allowing maximum heat
transfer to the aluminium. A cop-
per foil covers the epoxy layer,
enabling PCB tracks to be etched
using a slightly modified version
of the normal PCB-etching pro-
cess. The material can be cut to
shape using conventional metal-
working techniques.

CLEA is available in both single
and double-sided versions, allow-
ing high component packing den-
sities to be achieved. Redpoint
say they expect the material to
find applications in both surface-
mounting and hybrid assembly
processes.

For further details and samples
contact Redpoint Ltd, Cheney
Manor, Swindon, Wiltshire SN2
2QN, tel 0793-37861.

Amstrad.and Eric Hammond
Among 1986 Award Winners

mstrad have gained the 1986
TOBIE award for Electronics
Application of the Year with their

- best-selling PCW8256 word pro-

cessor. The Electronics Personality
of the Year award went to Eric
Hammond, leader. of the elec-
tricians union, who aroused con-
siderable controversy last year by
allowing his members to operate
Rupert Murdoch’s printing plant
at Wapping in place of print
union staff. .

The TOBIE awards (Technol-
ogy Or Business Innovation in
Electronics) are announced an-
nually at the British Electronics
Week Ball, held this year at the
Grosvenor House Hotel, London,
on April 29th. The winners are
decided by postal ballot among
readers of the weekly trade paper
Electronics Times.

There are three nominees in
each category. The other can-
didates for the applications
award were Epson with their Taxi
Software package and Plessey
whohave developed an Adaptive
Compass which they believe will
form the heart of future vehicle
and aircraft navigation and
weapon guidance systems, Eric
Hammond'’s competitors for the
personality award were Robb
Wilmot of European Silicon Struc-
tures, a company producing low
volume custom chips by direct
writingusingelectronbeams, and
Peter Fraiman of Electronic

Brokers who is credited with hav-
ing personally developed the
concept of “second user’ test
equipment.

Among the other awards, the
Inmos Transputer was pronoun-
ced Component of the Year and
Mars Electronics gained the Pro-
duct of the Year award with their
Gazelleautomaticcircuittester, a
system said to offer the perfor-
mance and facilities of products
costing four times as much. The
Research Achievement of the
Year award went to Professor
Desmond Smith of Heriot Watt
University for his work towards
developing the world's first opti-
cal computer.

British Telecom and Mercury
Communications were both
nominees in the Fibre Optic
Achievement of the Year category
but the award went to Cossor for
their 213S portable fault locator,
adevice designed for ease of use
and reliability. The award for Ex-
port Achievement of the Year
wentto Rodime, whomaintained
their export growth record in disc
drives in spite of a market slump,
and the Distributor of the Year
award went to Farnell for their
continued record earnings
growth.

The TOBIE awards are adminis-
tered by Evan Steadman Services
Ltd, The Hub, Emerson Close,
Saffron Walden, EssexCB10 1HL. f




ALLADINS' CAVE OF COMPUTE
: HOT LINE DATA BASE : i
: * ) N :

$The ORIGINAL FREE OF CHARGE dlal up datag
¢base. Buy, browse or place YOUR OWN AD fore
* goods or [services to sell. 1000's of stock Items, §
o sg‘area and one off b_|a_||'_galns Updated dall{. M
¢ ONLINE NOW. CCITT, 8 bit word, no parity. e
¢ "~ For300 baud modems call 01-679 1888 ¢
* For 1200-75 baud modems call 01-679 6183

Your monltor from Its computen! For
only £24.95 It becomes a SUPERB
HIGH QUALITY* COLOUR* TV SET

The fabulous
ANY video manitorwith a composite Input, colour or monochrome.
Made by a major UK Co. as f TOP Q%ALITY. stand alone UHF | CENTRONIC8andsystem expansionports, an

tuner and costing OVER £75 to manufacture, this opportunl# to | 8" diskdrives eitherindoubie density or 1B
N he | numeric keypad and text editing keys, even
ELEBOX consists of a.compact, stylish two tone charcoal USER programs, eliminating“iost character’

\ve your mohitor a DUAL FUNCTION must not be missec!

moulded cass, contalning ALL electronics tuner, power supplyetc | agreen, antt-glare etched screen, with full
to simply plug In and convert o;g gf&lg#lﬁe icated computer | 2.2 “user manuals and full 80 day guarante

In

monitor into 8 HIGH QUALI SET, giving a real
benefit to ALL the familyll Don't worry It your monitor goes%t have PC2000 System
sound-THE TELEBOX even has an Integral4 wattaudio ampliifier with CPM Etc,
fordriving an external speaker, PLUS anauxiliary output tor superb OST OVER £1400
&Jallty television sound via your headphones or HI Fl system etc

ner features Include: Compact dimensions of only 15.75" w x
75" d x 3.5 h latest technology, BRITISH manufactur fully <
tuneable? channe!push buttontuner, Auto AGC circult, SAW fliter,
LED status indicator, fully isolated 240v AC power supply for total
safety, Mains ON-OFF switch etc. Many other uses

LIMITED QUANTITY - DON'T MISS THIS OFFERI! PLUS SPECI/
ONLY £24.95 OR £19.95 if purchased with ANY of our
video monitors. Supplied BRAND NEW with full instructions and 2 YEAR - VIEWDA

warranty, Post and packing £3.50 *When used with colour crt

POLOUR & MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for thelr own rofesslonal computer
system this monitor has all the features to sult your immediate and future
requirements. Two video Inputs: RGB and PAL Composite Video, allow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including out very own TELEBOX An internal speaker and audlo amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness — even In RGB mode Separate Colour and audio
controls for Composite Video input, BNC plug for composite Input, 15 way ‘D’
plug for RGB Iwut modular construction etc.etc -

This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER
Supplled BRAND NEW and BOXED, complete with DATA and 90 day
$uarantee. %NLY £149,00 as above OR IBM PC Version £165.00

TELEPHON

standard R

Memory dia

5 Day‘D' skt £1.00, BNC skt 75p BBC interface cable £5.50

DECCA 80 18" COLOUR monitor, RGB Input.
Little or hardly used manufacturers surplus enables us to offer this areclal
converted DECCA RGB Colour Video TV Monitor at a super low price o only
£09.00, a price for a colour monitor as a/e! unheard ofl Our own interface,
aaieté modification and special 16" high definition PIL tube, cou led with the
DECCA 80 series TV chassis give 80 column definition and quality found only
on monitors|costing 3 TIMES OUR PRICE. The qualit for the price has to be
believed! Supplied complete and ready fo plug direct to & BBC
\puter or any other system with a TTL RGB output Other features
are: Internal/speaker, modular construction, auto degaussing clrcuilbutractlve
TEAK CASE, compact dimensions only 62cm W x 34 H x 24 D, 90 day
uarantee. Although used, units are supplied in EXCELLENT condition.
NLY £88.00 + Carriage.
DECCA 80, 16" COLOUR monitor. Composite video Input. Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £88.00 + Carr.

NEW only £125.00

send SAE for list.

REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 76 ohm Japanese 5% half hel
composite video Input and sound amp. This large screen colour dlsgla is Ideal drives by TEAC, CANO!|

i UAL applk | Soii'as NEW with 90 da
biied in AS NEW or Iittle used condition ONLY £145.00 + Carr. 78€ £B-503 Double °'ﬁ

for SCHOOLS, SHOPDS, DISCO'S CLUBS and other AUDIO Vi
cations Sup)
DGET RANGE EX EQUIPMENT MONOCHROME video monitors.

BUDG Al K

All units are fully cased and set for 240v standard working with composite video gyfmggssppmoo SSFH I@?ﬁﬁi?gw
to 80 column use. Even when | carriage on 5%" drlves
MINOR screen burns exist - normal data displays are unaffected 30 day | Brand NEW metal 5%"
DSKC1 for2 HH or1 F

inputs. Units are pre tested and set up for u

uarantee
2" KGM 320-1 B/W bandwidth Inpna will dlspIaY up to 132 x 25 lines £32.95
2" GREEN SCREEN version of KGM 320-1. Only £39.9

DSKC 2 for 1 HH drl
D§B§ rlv

SHUGART 800/80
SHUGART 851 DS

GOULD OF443 enclosed comopa
outputs of +5v @ 5.5a, +12v @ 0.58 —12v @ O.1a and —23v @ 0.02a. Dim 18 x

AC-DC Lingar PSU for DISK drive and SYSTEM applications. Constructed ona | HARD DISK

) ! DRIVE
rugged ALLIOY chassis to continuously supply fully regulated DC outputs of +5v
@ 3 amps, +-5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage E,ﬁ,ﬁ’."'ﬁég f:,ﬂ.%?,%%gfé‘ob m%aedpsu
protected. 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94 DIABLO 44/DRE4C00A, B

WKE+5 MbETAB'S.

Carriage on all PSU's £3.00 CDCHA!

!

e A
DEC LA34| Uncoded keyboard with 67
matrix- Idea! micro conversions etc .
AMKEY MPNK-114 Superb word processor chassis ke}{ SF
with 118 keys Many features such as On board Micro, Singie &v rall full ASCII BASF 61

Manufacturers BRAND NEW surplus.

9600 baud SERIAL TTL ASCI| OUTPUT! Less than
Only £69.00 with data Carriage on Keyboards £3.50

AND ELECTRONIC EQUIPMENT

DON’T MISS TEE

OF the NTUR
The FABULOUS CPM TATUNG PC2000

Professional Business System

4 A cancelled export order and months of negotiatlon enables us to offer this professional
m, recently on sale at OVER
| disk drivesi! Or less than the price of @ dumb terminall

Not a toy, the BIG BROTHER of the
PC2000 comprises a modern stylish three plece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER, Used with
the THOUSANDS of proven,
WORDSTA'R‘. FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT

The central processor plinth contains the 84K, ZBOA processor, DUAL TEAC 55F 5%
K of memory mapped screen RAM, disk controller, R8232,
difthat's not enough a ready to plug into STANDARDS" DRIVE portforupto FOUR
M format The ultra slim92 key, detachable keyboard features 32 user definable keys,
ocessor which allows the main ZBOA to devote ALL its time to
er machines The attractive, detachable 12" monitorcombines
for maximum user comfort Supplied BRAND NEW with CPM

ELEBOX an INVALUABLE MUST forthe owner of Double slded 40/86 frack dlék drives (1Mb per drive), PSU, 4

its own Integrai micropr
problems found on oth
swivel and tlit movement
e. Full data sheet and Info on request
C2000 Business S
and ‘Ready to Run’
Purchase ledger, su

COST OVER £1700

NOW onl

Carriage & Ingnam:e T1200

PC20
stem with CPM
T Sale and withCPM and T

%A

AT etc.

y £499

PLESSEY VUTEL, ultra compact unit, sli
than a 1ele£hone features A STANDAI
T {tone dial) with §" CRT monitor and
mtewal modem etc. for direct connection to PRESTE
VIEWDATA etc, Designed to sell to the EXECUTIVE at
over £600!! Our price BRAND NEW AND BOXED at

only £69.00
DECCAFAX VP1 complete Professional PRESTEL
system in slimiine desk

unit containing Modem,
umeric keé%ad. CPU,

y . Connects direct to

3GB colour 'monitor. Many other features

Include: Printer output, Full keyboard in
. BRAND NEW with DATA. A F

£58.00

ALPHATANTEL, Very compact unit with integral FULL

ALPHA NUMERIC keyboard. J d v

receiver and you have a superb PRESTEL 8

via PRESTEL the chea

found!! M‘"K- features: C
i

est TELEX service to be

NTRONICS Printer output
ng etc. Supplied complete with data an

DIY mod for RGB or Composite video outputs. AS

Post and pa'cklnq on all PRESTEL units £8.50
X-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for £11 4116 ns
£1.50 2112 £10.00 2114 £2.50 2102 £2.00

80 trlack d'ouble sided disk

)
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00 DSK 3 ﬁ: Bg% tégg Pgu

on all monitors £10.00 8" 1BM format TESTED E!
rence B 188 %1 75.00 +pp £8.50

250.00
TWINIS:WG"%%ESUM!’.Z Mbtotal capacity in
ct switch mode supply with DC regulated ﬁﬁ'{-‘gﬁﬁéﬂm Mgag‘:égﬁ 8" DS 1 Mb equiv. to SHU
i SAB50R. BRAND at£275.00 +pp
11 .x 6 cm. 110 or 240v input. BRAND NEW only £18.95 "
GOULE GEI40R t 40 arkp switch mode supply NEW £130.00 DA Oisk tog PoL's Ex Stoc

8+8 Mb from £780.00
976280 MbRMO3
£2800.00.

etc.
PERTEC D3422 5485 Mb
E?DlrnE 8Ya" Wlncge?c!’ers [
x earance items - Sold as see
uality gold plated switches on X-Y L‘f'ﬁ%ﬁ“ am‘mo.neezw 14 Mb e
sk drlve, cost over £2000 with data
board on slngle Ean 73 8" 23Mb Winchesters

coded character set with 31 function ‘keys,_numeric keygpad. cursor pad Uniess stated ali drives are refurblshed with 80 da
alf price guarantee. Many other drives and spares In stock - call
sales office for details.

£495.00
x-stock from £180 CALL

CPM Deal
T

1400, at a SCOOP price Just over the cost of

EINSTIEN computer, the DUAL PROCESSOR

tested and avallable CPM software packages such as

00 Wordeprocessor System
CtFP25 daisywheel
er

prin

orts up to

Join the communications revolution with our super
ATA MODEMsbprlces and specifications

lications and budgets .....

ND NEW State of the art products.

DACOM D812123 Mulil standard 300-300, 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dlal, smart modem with
multl standard AUTO SPEED detect, and data buffer
with flow control etc. £365.00
DACOM D8L2123GT The CREAM of the Inteliigent
modems, auto dial, auto cell Index, buffer

etc. etc. X
Steebeck 8B1212 V22 1200 baud FULL DUPLEX
sync orasAync. optional auto dial .00

ANSDATA 307A Acoustic coupler 300 baud full
duplex, originate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec, CCITT, ru?gedlsed
bargain offers Sold TESTED with data Wil work on
ana MICRO or system with RS232 intertface.

MODEM 13A 300 baud unit, only 2" high fits under
P‘hgne. CALL m| £45.00

e only X
DEM 20-1. 75-1200 baud. Compagct unit for use
as subscriber end to PRESTEL, TELECOM GOLD
MICRONET etc, £39.98 +pp £6,60
MODEM 20-2 1200-75 baud Same as 20-1 but for
coryuter on 85.00 +pp £6.50
DATEL 2412. Made by SE Labs for BT this two part
unit Is for s&ncnronous data links at 1200 or 2400
baud using 2780/3780 protocol etc. Many features
Inciude 2 or 4 wire working, self test auto answer etc.
COST OVER £800. Qur ﬁrlce ONLY £199 +pp£8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, ONLY £285.00 +pp £8.00
SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half dtéplex over 2 wire line, ONLY
£85.00 PER PAIR +pp£10.00
M rem X °°n
PECIAL BULK PURCHASE of these compact, high
speed matrix printers. Built in Japan for the Hazeltine
Corporation this unit features ?uallty construction
giving 100cps bidirectional, fuil pin addressable
Fraphlcs‘, 6 type fonts, th to 9.5" single sheet or
ractor paper handiing, RS232 and CENTRONICS
paralie! Interface. Many other features. BRAND NEW
and BOXED. COST £420. Our price Only £199.00

RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein

& Yuasa, .

A300 07191315 12v 3Ah NEW £13.95

A300 07191312 6v 3Ah NEW £9.95

A300 071981202 6-0-6v 1.8Ah TESTEED Ex £5.00
ui .

»

Standard VDU data entry terminals
at glvo away prices!

ME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" Green screen,
2 page RAM, TVI 926, Hazeltine, ADMBSA emulations,
software se(ug. 25 x 80, Clock, Swivel and tilt base
Printer port, Function ke;s otc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJS10 - EX RENTAL, 280 controlled, 15 green
|screen 24 x 80 display, graphics, cursor addressing,
printer port etc, Very good condition TESTED complete
with manual onge 25,00
ADDS 520 - Dumb terminal, used, 12" b/w_screen
RS232 Interface and printer port TESTED.
ONLY £125.00. Carriage on terminals £10.00 .
.}100's of other terminals in stock, CALL for more detalls,

All prices quoted are for U.K. Mainland, pald cash with order in Pounds Sterling PLUS VAT. Minimum order value £4.00.

Minimum CreditCard order£10.00. Minimum BONAFID
established companies £20.00. Where post
9,30-5.30. Sat 10.30-5.30. We reserve the righ

32 Biggin Way, Upper Norwood, London

E account orders from Government Depts., Schools, Universitiesand
and packing not indicated please ADD £1.00 + VAT, Warehouse open Mon-Fri
ecifications without notice. Trade, Bulk and Export

SE19 3XF

Telephone 01-679 4414 Telex 894502 Data 01-679 1888 t“
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Logic-To-Logi c Optoisolator

eneral Instrument claim

their new family  of
optoisolators will save design
engineers a lot of time and.trou-
ble. Unlike existing types, they,
have inputs and outputs which
can be connected directly to
logic circuitry.

Called Optologic, the new
devices are available either as
inverters or buffers and offer a
choice of TTL-compatible totem-
pole outputs or an open collector
arrangement for use with 4.5-15V
CMOS. Both types have LS-TTL-
compatible inputs and feature a
propagation delay of 60ns.

-electronics

The new optoisolators come in
standard 6-pin DIL packages and
have an isolation voltage of 440V
RMS continuous, 2500V RMS
maximum. General Instrument
expect them to be used in level
shifting and for interfacing bet-
ween different logic families. In
addition, they could be used to
drive power semiconductor de-
vices like MOSFETS,

General Instrument, - Opto-
- Division,  Times
House, Station Approach, Ruislip,

Middlesex HA4 8JG, tel 08956 - |

36522,

ETI PCB Service
hisper it quietly, but it

W does  begin to look as
though this ill-fated service may
yet survive. A new agreement has
been thrashed out with our exis-
ting supplier and we hope to
re-start the service next month.

All outstanding orders should
now have been cleared. If anyone
is stillwaiting foraboard they have
ordered, please get in touch with
our Readers’ Services department
at Hemel Hempstead.

The new arrangement will
mean that some boards currently

onthe list will havé to be dropped
because they are simply not sell-
ing in sufficiently large numbers.
How ever, wewill contineto make
sure that boards remain available
for at least a year after an article
is published.

We have also revised the price-
ing structure to remove some of
the anomalies. At present, some
small boards actually cost more
than some larger boards. We are
adjusting prices up and down as
appropriate  to  rectify = this
situation.

@ Graham Nalty, whose Upgrade-
able Amplifier is currently running
as a project in ETI, tells us that he
hasaccessto custom case-building
facilities. This might prove useful
tothose who are still missing parts
of the case for their JLLH Audio
Design  amplifiers. - Anyone
interested should contact Graham
at the address given in the Buy-
lines section on page 40.

® Spectrastrip is a flat cabling
system which allows power, data
and teiephone wiring to be laid
under carpeting with the mini-
mum of trouble. A full set of com-

plementary connectors is also
available ‘and the complete
system is described in a 4-page
brochure which is available on
request. Contact Amphenol Ltd,
Thanet Way, Whitstable, Kent
CT5 3JF, tel 0227 - 26441.

® Hawnt Electronics describe
themselves as the UK’s leading
passive component supplier.
Their new 272-page catalogue is
now available and can be
obtained from them at Firstwood
Road, Garret Green, Birmingham
B33 OTQ tel 021-784 3355.

for our
FREE CATALOGUE

HOME LIGHTING KITS .

These kits contain all necessary components
and full instructions & are designed to replace
a standard wall switch and control up to 300w.
of lighting.
TDIR300K Remote Control £14.85

-
Dinimer -‘
50

MKB Transmitter for above
£4,

LD3Y00K Light Dimmer

£3.95

TD300K Touchdimmer £7.75
TS300K Touchswitch £7.75
TDE/K  Extension kit for 2-way
swifching for TD300K £2.50 — En

MICROPROCESSOR TIMER KIT

Designed to con-
trol 4 outputs
independently
switching on and
off at preset times
over a 7-day cycle,
LED display of
time and day, easily programmed via 20 way
keyboard. Ideal for central heating control
including different switching times for week-
ends). Battery back-up circuit. Includes box.
18 time settings.

CT600K £39.00

XK114. Relay Kit for CT6000 includes PCB,
connectors and one relay. Will accept up to
4 relays. 3A/240V c/o contacts £3.90

701 115 Additional Relays £1.65

We also STOCK awide range of COMPONENTS, MULTIMETERS, TOOLS,
BOOKS and over 30 other KITS for timers, infra-red remote control, disco
lights, etc. PLUS VELLEMAN and PANTEC kits.

TK

ELECTRONICS
13 BOSTON RD
LONDON W7 3SJ

TEL: 01-567 8910

FREE P&P on orders over £20 (UK only), otherwise add

75p + VAT. Overseas P&P. Europe £2.75. Elsewhere
£6.50. Giro No. 529314002. SCHOOL OR LOCAL AUTHORITY
ORDERS WELCOME. Goods by return subject to availability.

SEND" x 6" SAE
OR CALL AT SHOP
MON-FRI 9-5pm
SATURDAY 10-4pm

ETI'JULY 1986

DIGITAL VOLTM

ERMODULE

WITH HIGH BRIGHTNESS LED DISPLAY

We are pteased to once again offer this
tried and tested Digital Voltmeter module

KIT DT10

A simple ihough effective
module which, when
constructed, provides a linear

range of applications.

Order by post, order by ‘phone
Add 15% V.A.T. to all prices

U.K. orders add 70p post & packing
Export orders - post & packing at
cost

Ed

. * High accuracy
+0.1% + 1 digit.

* Operates from single

' supply 7-12V.

* Reads - 99mV to 999mV ¢
which is easily
extended. .

* Large Bright0.43” LED

Displays.

which is suitable for use in a wide range of test equipment. Supplied with full
details describing how to easily extend the basic range, measure current

resistance and temperature. The'module, which is fully guaranteed, has been
supplied to Electricity Authorities, Government Departments, etc. etc.

TEMPERATURE MEASUREMENT

output of 10mV per °C over the temperature range+100°C to —10°C.
The unitis ideal for use in conjunction with the above DVM rpodule,
providing an accurate digital thermometer suitable for a wide

DUAL POWER SUPPLY PS 209

This fully built mains power
supply provides two, 9V
stabilised outputs up to 250mA

each. The unit is ideally suited for

use with the Digital Voltmeter and the
Temperature Measurement unit DT10.

Y Dept ETI 16
Risconp 51 POPPY ROAD,
PRINCES RISBOROUGH,

L!MiTED BUCKS

Tel: (084 44) 6326

11




Please send cash, cheque, money order or postal order to:

ElectroMech Industries Limited

All prices subject to change without notice

o
S » DISKETTES ¢ COMPONENTS ¢ CONNECTORS @ ELECTRO-MECHANICAL AND CABLE ASSEMBLIES 2R
49.00
L 1 1 150
. 5.30
: ngo
.90
1.50
. 3.50
Unit 2, Wessex Industrial Estate, Station Lane, Witney, Oxfordshire. Telephone (0993) 75827 or 76605 15
3 A 18.00
BF311 0.18 2N2646 0.65 SN74LS295 1.00 [ LINEAR ICs JRpltrd 2.50
BF324 0.35 2N2904A 0.25 -SN74L5298 0.95 F BEC D'SR'S LINEAR ICs _Jtiacrcom 325 3
AC125 .26 B 0.38 2N2906 020 SN74LS299 2.00 357500k 0T Drive 555 -20 JpC 156H 250 6300
AC126 25 BF337 0.32 2N2907 0.20 SN74LS30 0,18 CasedwihFcableand poweriead  48.00 45.00 - 710 .40 JPC1182H3 3.25 S
ﬁgggK . 5?38 0.32 2:2907A 0.22 sN74ﬁ2 0.18 Uncased 40.00 37.50 ;ggT . PC1366C 1.75 1500
1 . 355 0.33  2N2926 0.18 SN74LS322 3.00 i i i .80 7N425E8 3.50 g
AC142 33 BF362 0.50 2N3053 0.30 SN74LS323 Eto gl  REE 35 inch Diskette with every gl 118 7N426E8 330 4%
AC176 . BF363 0.35 2N3054 0.70 SN74LS33 0.25 RIEETHUTILUE XKUY Cariage £2.00 each 741CT g 2ZN427E 6.00 2.90
:g}gg . g;am o.zzvg zngoss 0.48 SN74L§352 1.00 Z‘\‘rsa 1014A .30 7N428E8 4.50 295
.. 371 0. 2N3055H 0.70 SN74LS353 0.80 - e . ZN44TE 8.75 .
AD149 .75  BFagl 0.20 2N3441 1.35 SN741S365 -  0.35 BBC CASED DISC DRIVES Ay-3-1015D -75 ZN449E 2.90 3%
5.25"Single INCPSU  W/OPSU AY-3-847 6.85
AD161 .40 BF392 0.22 2N3442 1.38 -SN74LS366 0.35 0 .00 ZN435E 5.00 by
AD162 0.40 BFal4 022 2N3615 1.80 SN74LS367 0.35 100K40T 11300 90.00 AY-3-8475 300 po 1
AF124 0.50 BF420 020 2N3705 0,09 SN74LS368 0.35 400K80T(40/80} 127.00  110.00 AY-3:9710 ERtf COMPUTER IC 8.00
AF125 0.50 BF421 0.22 2N3707 0.09 SN74LS37 0.18 5.25"Dual AY-39725 4.00 AMB228PC 5.50 55-
AF126 0.50 BF422 0.20 2N3708 0.09 SN74LS373 0.50 400K 80T (40/80) 250.00  206.00 BTT8124 3.00 D8755AD 15.00
AF127 0.50 BF423 0.22 2N3709 0.09 SN74LS378 0.75 3.5"Single400K8OT 139.00  115.00 CA3011 1.10 HD6BO2P 2.93
AF139 0.38 BF451 0.22 2N3711 0.09 SN74LS38 0.18  3,5"Dual 400K80T 214.00  190.00 CA3018 0.75 MC8T28P 1.75
1 0.47 BF455 0.28 2N3716 1.40 SN74LS390 0.50  Carriage 3.00 CA3028A 1.00 McsT97P 1.50
AF239 0.50 BF459 0.40 2N3771 1.50 SN74LS393 0.50 CA3046 0.60 MCsT98P 1.40 904 40008
BC107A 0.11 BF462 0.72 2Na772 1.70 SN74LS395A [ XM NCASED DISC DRIVES] CA3052 1.90 M5L8035LP 3.00 it 0.15
BC1078 0.11 BF469 0.40 2N3773 1.80 SN74LS40 0.18 A CA3054 1.00 M5LBOBSAP 2.70 905 40018 0.18
BC108 0.11 BF471 0.40 2N3819 040 SN74LSs2 - 0.3p 925 10FF 2+ CA3085 200 M5LBI55P 3.00 008 oo .18
BC108A 0.11 BFar2 0.40 2N3866 1.20 SN74LS47 0.50 S500KDSDD4OT 99.00  96.00 CA3080A 2.00 Msl8156P 3.20 % ey 0.18
BC108B 0.11 BFa79 0.44 2N3903 0.15 SN74LS48 0.60 1MBDS/DD8OT 99.00 96.00 CA080E 0.55 MsL8212P 1.75 Pyt :ng 0.18
BC108C 011 BF493 0.28 2N3904 0.15 SN74LS49 0.85 . 1.6MBDS/DDBOT 130,00  125.00 CA3085 1.30 M5LB216P 1.50 et o2
BC109 0.11 BF506 0.40 2N3905 0.12 SN74LS51 0.20  1/1.6MBDS/DDBOT 130.00  125.00 CA3086 0.50 MsL8251AP-5  2.95 008 40088 D<‘8
BC1098 0.11 BF597 0.18 2N3908 0.12 SN74LS54 020 35 CA3088E 200 MsL8253P-5 270 009 40088 D.gg
BC109C 0.11 BF758 0.56 2N4037 0.52 SN74LS541 090 1MBDS/DPBOTSIm 76.00 75,00 CA3089Q 2.00 M5L8255AP-5  2.55 0.09 4009 25
BC110 0.11 BF870 0.30 2N4058 0.14 SN74LS55 020 (o eb 00 g - CA3090AQ 2.30 M5L8279P-5 3.50 012 oo b3
BC114 0.15 BF871 0.30 2N4061 0.15 SN74LS640 1.20 age £2.00 | CA3100S 2.00 NBT26AN 3.50 o :m o ?;’g
BC116 0.17 BF8T2 0.30 2N4062 0.12 SN741S641 heSBDISC DRIVE ACCESSORIES CA3130E 0.75 UP88284AD 4.00 o 4mg 4 b3
BC119 0.30 BFYG0 050 2N4314 0.75 SN74LS642 120 D825 110 45 300 CA3140T 0.70 UPD8156C-2 3.50 oo gB .40
BC140 0.27 BF961 0.44 2N4400 0.20 SN74(5643 120 P8\ Uneasd 0.50 - CA3161E 1.50 UPD8243C 2,30 o007 AO:gg 5 235
BC140/16 0.26 BFY63 052 2N4402 0.15 SN74LS644 1.20 ca - CA3162E 5.00 UPDB748HD  16.00 0-20 iy 0.87
BC142 0.29 BF954 0.51 2N4403 0.10 SN74LS645 1.20 Cﬂsisonly X CA3189E 1.70 6821P 2.00 .40 40 OOB 0.25
BC147 0.10 BFY66 054 2N5172 0.20 SN74LS668 ogo 525 -1 HHDrve .00 CA3193E 1.50 g50P EXTl BRIDGE RECTS JBrd 1.85
BC147A 0.10 BFR41 0.22 2N5179 0.80 SN74LS669 - 0.80 35" ~2  SlimDrives 15.00 CA3240E 0.90 gogs 17.00 DHUEB 0.18
BC1478B 0.12 BFRS51 0.20 2N5194 1.10 SN74LS670 1.00 Drive UF Cable 6.50 CA3260E 2.50 goss 12.00 0.18 4401}45 2.10
BC148A 0.11 BFRO 060 2N5457 0.55 SN74LS673 5.00 Cases with PSU Only CA3290E 1.10 828 5.00 03 4omB 0.18
BC149 0.11 -BFR91 0.75 2N5551 0.10 SN74LS674 500 525° -1 HMHDrive 25.00 HA1366W 1.70 8748D 13.00 8-25 prizsi g-}g
BC1498 0.13 BFR94 5.88 2N6027 0.50 SN74LS682 210 35 -2 SimDrives  25.00 300 190 7201 6.90 20 40138 -
BC149C 013 BFX29 028 2N697 0.25 SN74LS684 2.75 LA4032P 2.45 78DACTC 2.00 0.30 4013t 0.25
BC149S 0.13 BFX84 0.33 2N706A 0.20 SN74LS685 2.75 LA4400 3.00 ZgOACPU 200 B620 . 0.75 401478 0.85
BC159 011 BFX85 0.31° 2N914 0.20 SN74LS686 5.00 ZENERS LA4420 2.25 TMS9929 10,00 095 a01e 0.40
BC1598 0.10 BFX8? 0.33 2SA671 1.50 SN74LS687 275 CIOToVIa00mW 007 LA4422 280 TMS9928 10.00 0.5 40158 020
BC170A 0.06 BFXs8 0.33 2SA715 0.70 SN74LS689 2.75 C10-0471.3W 013 LA4461 3.50 7g489AN Al 74HC & 74HCT DISOB 1.25
BC1708 .0.06 BFY17 0.30 25C1173 1.00 SN74LS73 0.30 - - LC7120 3.00 MGeB45SP 5.00 40161 1.25
BC170C 0.06 BFY4) 0.30 25C1344 0.18 SN74LS74AN 0.22 MODULATORS LC7130 3.00 Z80ADART 6.50 0.45 40:525 0.50
BC1828 0.08 BFYS0 030 25C1678 1.50 SN74LS75 027 | - UMizes 3.50 L7z 3.00 z80ADMA 7.00 0.45 40163 0.50
BC182L 0.08 BFY51 0.30 2SD478 0.85 SN74LS76 0.27 UM1233 by LM1889N 2.50 ZgoAP10 2.40 0.45 4016B 0.25
SRR seam g oy -°° MR 2w EEeew R F i
1 0.09 q 3N138 6.50 SN74LS83 0.40 - .00 vL4500A 13.00 . q
BC184L 008 BRY3D 0.50 ! SN74LSs 045 DER PLUGS 1DC MB3712 180 go75 500 070 40178 0.40
BC212 0.08 BSX20 0.25 74LS & 74 SN74LS86 0.20 . MC1315P 2.80 go72A 11.00 0.70 8 1.80
BC212B 0.08 BSx21 0.25 SN74LS90 0.22 16PIN 0.78 MC1330P 1.80 g551A 450 0.45 40188 0.40
BC212L 0.09 BSX26 0.30 SN74LS00 0.17 741592 0.30 24PN 1.04 MC1349P 1.50 ggoo 2.50 0.70 401928 0.50
BC213 0.08 BSX29 0.32 SN74LS02 0.18° gN74L893 0.27 28PIN 1.43 MC145106P 6.65 GBOQEP 8.00 0.70 401938 0.60
BC2138 0.08 BU104 1.70 SN74LS03 0.18 gN74L505B 0.45 20PN 163 MC1460G 2.90 ggogP 8.00 0.45 40194B 0.60
13L 0.10 BU105/02 1.50 SN74LS04 017 3N74L896 0.65 MC1463R 4.80 6gap9P 12.00 0.70 40198 0.30
BGC214 0.08 BU10504 1.48 SN74LSC8 018 17174 D type CONNECTORS] MC1469R 3.00 ga000P8 20.00 0.70 401068 035
BC214B 0.08 BU205 1.40 SN74LS09 0.18  sN7400 0.20 MC3357L 1.90 4793 12.00 1.10 402088 2.10
BC214L 0.10 BU206 190 SN74LS10 0.18  SN7401 030 @ 9way 15way 25 way 37 way MFC4040 075 1601 12,00 0.45 40208 0.50
BC237A 0.08 BU208 150 SN74LS107 0.30 SN7402 0.22 SOLDI 0.42 057 081 115 MFCE040 0.90 g216 1200 0.95 40218 0.50
BC237B 0.10 BSYD5 0.30 SN74LS109 0.30  SN7404 0.25 PCB 0.44 0.60 0.85 ML2378 2.50 1770 12.00 0.95 40228 0.50
BC238 0.08 BUYG9A 210 SN74LS11 0.18  SN7406 0.38 PCBR/A 0.85 1.27 2.01 ML2388 4.50 871 45.00 0.95 402 0.15
C2: 0.09 BUY6EIB 200 SN74LS112 0.30 §N7407 . 038 NE535T 1.10 2703 20.00 1.10 4023UB 0.15
BC2398 0.10 MJE2955 0.78 SN74LS113 0.30 gN7408 0.25° SOCKETS] NE5S01N 0.90- 2797 20.00 095 40248 0.30
C2 0.12 MJE3055 0.70 SN74LS114 030 SN7409 0.25 SOLDER 0.63 0.86 1.14 1.94 NE5534N 1.0 {2038/4 ULN2003 0.70 0.95 202555 =0
BC256A 0.20 MJE340 0.48 SN74L$122 0.35 SN7410 0.25 PCB 071 1.07 160 2 3.75" 1204B/4ULN2004 0.70 085 40258 o8
BC307 2.12 MJE370 0.90 SN74LS123 0.40 gN74100 180 PCBRA 120 188 294 SN76008N 2.25 MC1488 0.58 1.10 15
BC307C 0.12 ES: 0.45 SN74LS125 030 SN74114 0.20 SN76110N 1.20° MC1489 0.58 1.10 40268 0.80
BC308 0.10 MJ2955 0.85 SN74L5126 0.30 sN7412 0.25 el o.58 061 068 078  |SN76IISAN 1.60 SN75108 0.90 1.10 40278 0.25
BC308A 0.10 MJSADS 0.20 SN74LS12 0.18 gN74121 0.40 SN76131N 1.70 SN75189 0.70 200 40288 0.32
BC318A 0.10 MPSA12 0.25 SN74LS132 0.35 SN74123 0.60 IDC SN76396N 1.65 SN75450 0.70 1.05 40298 0.50
BC3188 0.10 MPSA42 0.08 SN74L5133 0.35 SN7413 0.40 PLUG 305 377 494 SN76600P 1.40 5N75480 0.99 0.95 40308 0.15
BC318C 0.10 MPSAS5 0.20 SN74LS136 0.28 SN7414 0.50 SOCKET 325 390 5.27 SN76860N 0.80 SN76013 2.70 1.05 40318 1.00
_BC337 011 MPsUos 0.80 SN74LS137 0.70  aN74141 0.60 SN76707N 210 gN76023 2,80 1.05 40338 1.00
B 011 MPSUS1 055 SN74LS138 030 Sn74147 125 | GIEEICIYIEEINE per metre SN76708N 300 Sn76110 0.80 160 40348 110
BC441 0.33 0OC26 1.20 SN74LS139 0.30 gN74153 0.70 ‘Gray Colour STKo78 9.00 gN76228 0.90 1.60 40358 0.50
BC461 0.45 0C36 050 SN74LS13 0.30 gN74155 0.70 10way 0.40 0.70 TA7204P 1.30 SN76530 0.70 1.10 40385 0.60
BCA77 0.20 0Ca2 095 SN74LS14 0.30 SN74157 0.70 16way 065 110 TA7205AP 0.90 SN76660 0.70 1,60 4040 0.45
BC516 0.28 0OC44 0.80 SN74LS145 0.80 §N74159 1.50 20wa 080 130 TA7208P 1.30 gN76666 1.00 1.60 40438 0.40
BC517 038 OC72 0,50 SN74LS147 110 sN74160 0.0 Y - - TA7222P 1.30 SN76666N 100 0.85 4044B 0.45
BC5478 0.10 0C73 0.50 SN74LS148 - 100 gN74161 0.80 26 way 1.00 1.70 TA7310P 1.15 JIN2001 0.70 0.80 40458 1.00
BC548C 0.10 0C74 0.50 SN74LS15 0.18 SN74163 0.80 34way 1.35 230 020 1.50 | N2002 0.70 1.60 40468 0.50
BC549A 0.15 OCT76 0.50 SN74LS151 0.30  5N74165 0.90 40way ~ “1.65 2.60 HA1388 2.50 LN2002AN 110 0.45 4047B 0.50
BC5498 0.10 0C77 0.85 SN74LS153 0.50 . gN7417~ 035 _50way ©1.95 3.30 LM1357P 1.95 75109 1.20 1.00 40488 0.30
BC5578 0.12 OC81 0.40 SN74LS155 0.40 gN74170 150 6dway . 280 4.20 LM301AN 030 73110 100 1,90 40498 0.25
BC55688 0.10 OC82 0.60 SN74LS156 0.40 gN74173 oos | - - LM310N 240 75112 160 . 0.90 40508 0.25
BC550A 0.10 OC83 1.50 SN74LS157 0.30  sN74174 PYSBBBBT Telephone Connectors LM311 0.55 75113 1.20 0.45 40518 0.50
BD121 075 0C84 120 SN74LS158 0.30 gN74180 080 LIUI/aA - MiniMaster 3.05 LM311N 0.50 75114 150 1.00 40528 0.45
BD123 2.00 TIP100 0.60 SN74LS160 0.50  sN74i81 1.20 LJUIBA  MiniSecondary ~ 2.40 Lm319 1.50 75115 1.50 2.50 :0533 8-45
BD124P 1.00 TIP101 0.62 SN74LS161 0.50 gN74182 080 LjU2aA  StandardMaster  3.10 LM324N 0.35 75127 110 2.50 40541 .60
BD131 050 TIP120 060 SN74LS162 0.55 gN74184 1.55 LM339N 0.35 75122 110 0.60 40558 0.60
BD132 050 TIP122C 062 SN74LS163 0.50 SN74188 >10 LJU26A  StandardSecndry = 2.45 LM348N 055 73150p 1. .80 - 40568 0.60
D133 048 TIP125 0.90 SN74LS164 0.50 gN74190 100 LJUZ/4A  FlushMaster 3.05 LMaseN 0.45 75184 130 1.50 40608 0.50
B8D135 0.40 TIP126 0.60 SN74LS165 0.75 gN7a191 1.00 LJUI/BA  Flush Secndry 2.35 LM38ON-14 0.80 75150 220 1.75 40638 0.70
BD136 2 TiP142 1.80 SN74LS166 0.75 gN74193 1.10 Range of Dual Outlets, Cords, LM3s1 .70 75160 450 1.75 40668 0.25
BD137 TIP29 0.30 SN74LS168 110 gN7420 0.25 Connectors available LM3900 0.70 73169 400 150 4067B 2.00
BD138 TIP20A 0.35 SN74LS169 0.80 7422 0.30 558 50 75162 450 2.20 40688 0.15
BD139 TIP29B 0.38 SN74LS170 0.90 §N74251 090 IDC CONNECTORS LM710CN 0.90 75172 300 240 4069UB 0.15
BD140 TIP29C 0.38 SN74LS173 0.40 SN74284 225 PCB R/A EDGE LM711CN 0.90 75182 100 40718 0.15
BD176 .40 TIP2955 065 SN74LS174 0.35 gN7430 0.22 SKT Pug Plug Plg’ LM741 0.50 72188 0,80 015
BD235 . TIP30 0.30 SN74LS175 0.40 gN74367 0.65 10way 0.61 0.72 0.72 LM747CN 0.80 75189 0.80 0.5 40735 0.15
D236 .32 TIP30B 0.40° SN74LS181 1.80 SN7438 0.35 t6way 075 100 1.00 MB3756 350 75365 150 200 4078 0.15
80237 .35 TIPIOC 035 SN74LS182 200 SN7440 025 | 20way 088 124 124 NE555 0.20 75450 0.60 265 2o7eB 080
BD239 .32 TIPGO55 0.65 SN74LS183 1.50  gN7441 0.60 26way 098 134 134 NE556 0.55 75451 0.45 500 40778 0.15
BD240 .30 TIP31 0.45 SN74LS190 0.55 gSN7442 0.60 Ty Y% 160 168 227 E5 1.50 75452 0.43 290 4ores 0.15
BD2458 .55 TIP31A 0.35 SN74LS191 0.50 - 5N7443 0.80 | Sdway T - - SG3524 2.50 75483 0.56 Top 40818 0.15
D517 .70 TIP318 0.40 SN74LS192 0.50 5N7446 Ogp | - 40way . 1.62 1.88 1.68 STK431 4.00 75454 0.55 270 40828 0.15
BDsas .80 TIP3IC 040 SNTALSIA 050 SN7ass 0.90 S0way 208 263 2.83 STk, 1190 75430 450 300 40508 048
5 . TIP32 0.45 74LS1 ). .. " .
BD675 65 TIP32A 0.45 SN74LS195 060 aNraro £33 I CENTRONICS CONNECTORS TAAT00 275 7245) o8 128 40038 0.25
BF115 .40 TIP32B 0.40 SN74LS197 0.60 SN7474 0.35 36way  PlugIDC 4.55 TBA120S 0.60 1o 40948 0.60
F154 .20 TIP32C 0.40 SN74LS20 0.18 SN7475 0.45 35way SocketlDC  4.55 TBAG20 [N MEMORIES 123 40958 0.75
BF167 .33 TIP33B 0.50 SN74LS21 018 8N7476 1.00 36way PlugSolder  2.01 TDA1011 2,00 2016AP12 2.95 190 4 0.75
BF177 .30 TIP33C 0.65 SN74LS22 0.18° SN7485 1.00 TDA1022 400 21142 2.90 159 4078 2.25
BF178 .35 TIP34 0.65 SN74LS240 0.60 SN7486 0.40 PRINTER LEADS] TDA2006 2.75 2716.350N/S 3.00 1ap 40098 0.75
BF181 .25 TIP34A 0.75 SN74LS241 0.55 SN7490A 0.50 aL 6.85 TDA2190 2.40. 2732450N/S 2.50 150 45028 0.50
BF184 .30 TIP34B 0.70 SN74LS242 0.55 SN7491 0.60 Dragon 7.95 TDA2591 2.75 27324250 2.75 150 & 0.33
BF185 .30 TIP34C 0.90 SN74LS245 0.70  SN7492 0.50 BBC 7.40 TDA2670 1.50 2764-200 2.50 1ap 45088 0.80
BF196 .12 TIP36 1.25 SN74LS244 0.50 gN7493 ' 0.50 Memotech  B.50 TLO71CP 0.40 276425 220 130 45108 0.40
BF197 .18 TIP36B 1.60 SN74LS245 0.50 SN7494 1.00 Amstrad . 8.80 TLO72CP 0.60 27C54-25 8.00 150 45118 0.40
BF198 .15 TIPA1 0.45 SN74L5247 0.55 SN7496 0.65 TLO74CN 1.00 27128-200 3.00 200 45128 0.40
BF199 .15 TIPA1A 0.45 SN74LS248 0.90 DIL SWITCHES] TLOBICP 0.30 27128-250 285 To0 45148 1.00
BF200 .35 TIP41B 0.50 SN74LS249 (X% THYRISTORS ey 0.64 TLOB2CP 0.50 27256-25 7.00 18 45158 1.00
BF224 .30 TIPAIC 0.60 .SN74LS251 0.40 TRIACS P o8 TLO84C! 090 “ - 45168 0.40
827 32 Tioiz oS5 SNraLSass 0% im0 100 | oway 085 Toamos 21 Rt b
BF257 .32 TIP42A 0.50 SN74LS256 0.80 X 3 " .
BF258 .32 TIP42B 050 SN74LS257 0.40 BT101/500R 1.00 1oway  1.25 TC9100 7.50 = LP=LowProfile. TP =TumedPin 45208 0.40
BF259 .30 TIP42C 0.40 SN74LS258 0,50 BT102/500 1.00 TC9109P 7.50 u TP 45228 1.10
BF324 125 TIS90 020 SN7alS255 065 BI106 1.40 W TGAZ70SB 300  BPINLC.SOCKET 020  45%B 0.45
F336 0.30 TIS91 0.30 SN74LS26 0.18 BT107 1.50 PHILIPS 14" Green 70.00 TCA650 3.50 14PINI.C. SOCKET 0.35 45278 0.50
BF337 035 2N1613 0.30 SN74LS260 0.65 BT108 0.90 PHILIPS 14" Amber  74.00 TCAG608 350  16PINLC.SOCKET 0.38 45328 0.50
BF422 0.20 2N1893 030 SN74LS266 030 BT116 1.50 PHILIPS 14" RGB 185.00 TCA740 250  18PINL.C.SOCKET 0.43 45368 2.00
BF451 0.30 2N2219A 027 SN74LS27 0.18 BT120 1.98 . TCAZ00 190  20PIN1.C.SOCKET 048 45388 0.60
BF4948 0.35 2N2221A 0.27 SN74LS273 0.50 BT138/600 0.90 TCA910 1.90  24PINI.C.SOCKET 052 45438 0.55
BF255 0.18 2N2222A 0.24 SN74LS279 0.50 TD3F/700 210 Ask for more details o TDA1003A 190  28PINL.C.SOCKET 0.55 45558 0.30
BF256 0.40 2N2368 0.24 SN74LS280 1.50 TIC126D 03B (oo, Sidetogglerfocker switches, Soiderin TDA1035T 250  40PINI.C.SOCKET 0.85 45568 0.45
BF256LB 0.32 2N2369 0.15 SN74LS283 0.50 TIC45 0.48., Computer leads, siideftoggle/rox witches, °MiNg TDA2002 2.76  24PINZIF 45848 0.40
BF262 0.38 2N2369A 0.23 SN74LS290 0.70 TIC46 0.48 " Irons/spares, general Service aids, (TITYIE monitors, TDA2010 300 28PINZIF 45858 0.40
BF263. 0.38 2N2483 0.45 SN74LS293 0.70 TIC47 0.30 Telephane outlets/cords, connectors TDA2030 180  40PINZIF 47248 1.00
[ ]
Please add £1.00 P&P to all orders unless otherwise stated ; All items are Brand New and fully guaranteed ® Export Orders — carriage at cost
All prices|are EXCLUSIVE OF VAT — please add VAT to total cost including P&P . Government and Educational orders welcome @ Stock items dispatched by return

MAIL ORDER ON

Unit 2, Wessex Ind. Est. Witney, Oxon.

Telephone (0993) 75827/76605
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DIARY

Advanced Infrared Detectors And Systems — June 3-5th
Institution of Electrical Engineers, London. See March’86 ET! or con-
tact the IEE at the address below.

Hitachi Summit Conference — June 9th

Wembley Conference Centre, London. An opportunity to learn about
the latest developments at Hitachi from the Japanese design engineers
responsible. Areas covered include telecommunications, computing
and control, and image capture, processing and display. Tickets cost
£29.50 inclusive from Hitachi Electronic Components (UK) Ltd, 21
Upton Road, Watford, Hertfordshire WD1 7TB, tel 0923-46488.

Network '86 — June 10-12th
WembleyConference Centre, London. For details see March’86 ETl or
contact Online at the address below.

Power Electronics and Variable Speed Drives — June 10-12th
Institution of Electrical Engineers, London. For details see june ‘86 ET|
or contact the IEE at the address below.

The Scottish Electronics Show — June 10-12th

The Anderston Centre, Glasgow. For details see June’86 ETl or contact
Network Events Ltd, Printers Mews, Market Hill, Buckingham MK18
1JX; tel 0280-815 226.

The International ISDN Conference — June 10-12th
Wembley Conference Centre, London. For details see June’86 ETI or
contact Online at the address below.

Amstrad Computer Show — June 13-15th

Novatel, London. For details contact Database Exhibitions, 68
Chester Road, Hazel Grove, Stockport, Cheshire SK7 5NY, tel061-456
8835.

Scottish Technology Week — June 17-19th
The Scottish Exhibition & Conference Centre, Glasgow. For details see
June’86 ETI or contact Cahners at the address below.

Computer '86 — June 24-26th
G-Mex Exhibition Centre, Manchester. For details seeJune’86 ETlor
contact Cahners at the address below.

Image Processing And Its Applications — June 24-26th

Imperial College of Science And Technology, London. Conference
organised by the IEE at which over 60 papers from 14 countries will be
presented, accompanied by technical sessions on image enhance-
ment and restoration, interpretation, industrial and medical applica-
tions, etc. For details contact the IEE at the address below.

Association of Professional Recordmg Studios Exhibition — June 25-
27th

Olympia, London. For details contact the APRS, 23 Chestnut Avenue,
Chorley Wood, Herfordshire WD3 4HA, tel 09278-72907.

Radiio Receivers And Associated Systems — July 1-4th

University College of North Wales, Bangor. Conference organised by
the IEE, the |ERE and RSGB in this country in association with a variety
of overseas bodies. Topics covered will include general and low-cost
receiver design, digital techniques, mobile radioand ICs fortelemetry
and navigational systems. For details contact the Institution of Elec-
tronic & Radio Engineers, 99 Gower Street, London WC1E 6AZ, tel 01-
388 3071. \

Voice Processing — July 2/3rd
Wembley Conference Centre, London. Conference. For details con-
tact Online at the address below.

Addresses:

Cahners Exhbitions Ltd, Chatsworth House, 59 London Road, Twic-
kenham, Middlesex TW1 3SZ, tel 01-891 5051.

Institution of Electrical Engineers, Savoy Place, London WC2 0BL, tel
01-240 1871.

Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner,
Middlesex HAS 2AE, tel 01-868 4466. ET'
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; SUMMER COURSES - 3day
introductory and advanced Forth
courses with notes and working

software .........ccccccevvrerirennenn, £375.00
; Cross Compilers to produce
ROM code
Core(buyonlyonce) ... £250
Targets(each).......oco. £175
6502,6511Q, 6800 6801/3, 6809,
68000, 280, 8080, 8086, 1802, 28,
99xxx, LSI11.
%RTH 83 HS/FORTH
1 megabyte programs, graphics,
floating point, assembler,
StriNgs.. . £230
;MPE-FORTHIOQfor FLEX or MicroProcessor —
0s9 Engineering Ltd
Editor,assembler, full system 21 Hanley Road, Shirley ———
integration, cross compilers Southampton SO1 5AP S
available. £175 | Tel 0703 780084 I

- Master
Eleclronics -Microprocessors
-Now! The PracticalWay!

@ Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

@ Recognise and handle all
current electronic components

~ and ‘chips’.

@ Carry out full programme of

. experimental work on electronic computer circuits
including modern digital technology.

@ Build an oscilloscope and master circuit diagram.

@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

NewJob? New Career? NewHobby?
SEND THIS COUPON NOW,

FREE! COLOUR

Please send your brochure without any obligation to

OR TELEPHONE US 062 67 6114 ~ [>x
OR TELEX 22758 (24 HR SERVICE) CACC

| am interested in
[___1ELECTRONICS

| NAME 1
1

1 MICROPROCESSORS 1
1
!

ADDRESS

[C__1RADIO AMATEUR LICENCE
[ JCITY & GUILDS EXAMS

Other Subjects . . ................ 1
&mmm&mm Ro.mz%mmml,nevmmm}_I_sj
13
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BBC Master Series
AMB15 BBC MASTER Foundation

computer 128K ............... £435 (a)
AMB12 BBC MASTER Econet computer
128K (only ANFS) ............ £348 (a)

AMCO06 Tuyrbo (65C102) Expansion

Module ........civeiiiinn. £87 (b)
ADF13 Rom Cartridge.. ..£13 (d)
ADF10 Econet Module ... ..£49 (c)
ADJ22 Ref. Manual Part | ..... £14.50 (c)

ADJ23 Ref. Manual Part 1l ... .. £14.50 (c)
ADJ24 Adyanced Ref. Manual . £19.50 (c)
ACORN ADD-ON PRODUCTS

Z80 2nd Processor ............ £329 (a)
6502 2nd Rrocessor............ £162 (b)
Multiform Z80 2nd Processor... £299 (b)
Acorn Telgtext Adaptor ........ £125 (b)
Acorn IEEE interface .......... £278 (a)

UPGRADE KITS
1770 DFS|Upgrade for Model B £43.50 (d)
Dual Disc|Controller Board for Model B

incl. 1770 controller .............. £35 (¢
1.20SROM......... .. £7.50 (d)
DNFSROM.......ooovennnnnn. £17.50 (d)
ADFS Rom (for B with 1770
DFS&BPUS....covevarnnnenn. £26 (d)

BBC Micro Computer System

64K Upgrade Kit for BPlus.......

ECONET ACCESSORIES
Econet Starter Kit
Econet Socket Se
Econet Bridge ...
File Server Level 1.
File Server Level Il .
Printer Server Rom
10 Station Lead set ..
Adv. Econet User Guide. .
COMMUNICATIONS RO
Termulator
Communic:
Commstar.
DATABEEB
BBC FIRMW.
Database Management Systems, Word
Processors, Languages, Spreadsheets,
Utilities

(= T ST £229 (a).
TZDP 240 ZEP 100 with Technomatic
PDPBOOP dual drive with built in monitor
StANd ...t £469 (a)
For full details on the wide range of above
packages please write to us.

lus
TORCH UNICORN products incfuding the IBM Compatible GRADUATE in stock

For detalled specification or information on our comprehensive BBC range please write to us.

PRINTERS

EPSON
LX-80NLQ .........coivnnn s £195 (a)
Optional Tractor Feed........
FX85 (80col) NLQ 8K RAM ..£315 (a)

FX105 (136C01) 4\ vvneeennn . £449 (a)
JX90 4 colour printer...... .. £420 (a)
LQ800 (80CON) «.evvvrnnnn .t £495 (a)
LQ1000. . .cvveeeienaannn £729 (a)

LQ1500 (136¢col) 2K buffer. ..£875 (a)
LQ1500 (136col) 32K buffer..£950 (a)
Integrex Golour Printer..... £549 (a)
PLOTTERS

Epson H180: A4 4colour Plotter....£345(a)

TAXAN

ACCESSORIES
EPSON

FX plus sheet feeder.
LX80 Sheet feede
Paper Roli Holder ....
FX80 Tractor
Interfaces: 8143 RS232.

8148 RS232 + 2K

8132 Applell...

8165 IEEE + cabl ...
Serial & Paralle! Interfaces with larger buffers available.
Ribbons: RX/FX/MX80.. ....£5.00 (d)

RX/FX/MX100 .-

LX80 £6.00 (d)
Spare pens for H180........cecvecevssersecssees £7.50/set (d)
FX80 Tractor Attachment £37 (c)
KAGA TAXAN )

RS232 Interface + 2K Butfer,
Ribbon KP810/910

KP810 80/ Col NLQ ........... £220 JUKE:
KP910 156 VoI NLQ ....... £379 (a) RS2z Interface..~
JUKI 6100 Daisy Wheel... £289 (a) o
HR15LX (Serial).......... £285 (a) Sheet Feeder
HR15LX (Serial).......... £365 (a) Tractor Feed it £129 (a)
Paper' BROTHER HR1S:
- heet Feed £189

2000 Sheets Fanfold: Tractor Feeder... 200.(e)
9;15" x 11" & 8213 (g) :ib:gzs ,(:;rbonno; :Owon

J b o rrection Ribbon ...
Labels: (et 7600) ~E18s00) BEC Priker Laac: ero0(
3.5" X 17/15" Single oW eeuuucnn.e. £5.25(d) Paraflel{ o0
27/16" X 17y26" Triple row ......... £5.00 (d) Printer Leads can be o any length.

DISC DRIVES

These are fully cased and wired drives with slim line high quality
mechanisms. Drives supplied with cables manuals and formatting disc
suitable for the BBC computer. All 80 track drives are supplied with 40/80
track switching as standard. All drives can operate in single or dual den-
sity format.

PD800P (2 x 400K/2 x 640K 40/80T
DS) with built in monitor

3.5” DRIVES
1 x 400K/1 x 640K 80T DS TS35

Stand .....iieeeee £249 (a) £109 (b)
PD8OOP (2 x 400K/2 x 640K 40/80T £124 (b)
(o1 N £269 (a) 2 x 400K/1 x 640K 80T DS TD35
TS400 1 x 400K/1 x 640K 40/80T £199 (b)
DS ottt £109 (b) £219 (b)
PS400 with psu 1 x 400K/1 x 640K

40/80T DS ..cevneennnn.. £129 (b)

’

.3M FLOPPY DISCS

High quality discs that offer areliable error free performancefor life. Each '
discisindividuallytested and guaranteedforlife. Ten discs are suppliedin
a sturdy cardboard box.

- 5%” DISCS 32" DISCS

140 SS DD £10:50 (d) _ |40T DS DD £12:75 (d) |80T SS DD £18 (d) '
80T SS DD £14.75 (d), |80T SS DD £16:00 (d) 80T DS DD £25 (d)

DISC ACCESSORIES

FLOPPICLENE Disc Head Cleaning Kit with 20 disposable ¢leaning discs ensures
continued optimum performance of the drives....3%" £16 (d), 5%,"£14.50 (d)
Single Disc Cable.... £6 (d) Dual Disc Cable .. £8.50 (d)

MIRACLE 3000:
A new range of microprocessor based
modems| offering of upto 2400 baud, full

MODEMS |
— All modems listed below are BT approved

10 Disc Library Case.. ..£1.80(c) 30 Disc Case........ .£6 (c)
40 Disc Lockable Box ...£14 (c) 100 Disc Lockable Bo: ... £19 (c)
MICROVITEC

All 14” monitors now available in plastic or metal cases, please specify your
requirement.

14” RGB 14" RGB with PAL & Audio

1431 Std Res ... ..£179(a) 1431 APStdRes......... £199 (a)
1451 Med Res.. £2291(a) 1451 APMedRes ........ £275 (a)
1441 Hi Res...... ..£375 (a)

Swivel Base for Plastic icrovitecs £20 (c)

20” RGB with PAL & Audio
2030CS Std Res....cccvevuenenne. £380 (a) 2040CSHiRes......ccocirmmnineed £685 (a)
TAXAN 12” RGB
SUPERVISION Il with amber/green option ...... £330 (a)
MITSUBISHI XC1404 14" RGB Med Res iBM & BBC Compatible. .. £229 (a)
MONOCHROME MONITORS:

TAXAN KX1201G Hi Res 12" Etched Green Screen ................. £90! (a)
TAXAN KX1203A Hi Res 12" Etched Amber Screen ............... £105 (a
PHILIPS BM7502 12" Hi Res Green Screen £75 ga{

PHILIPS BM7522 12" Hi Res Amber Screen : £79 (a)
Swivel Base for Kaga Monochrome fitted with Digital Clock ............ccecueunen. £21 (c)

SPECIAL OFFER ATTENTION

All prices in this double page advertisement

duplex. Features include ‘HAYES' protocol GEC DATACHAT 1223:
compatibility, auto answer, auto dial, speed BAgTDapproved modem complying with 2764-25 c e e e £2.00 are subject to chang without notice.
buffering| printer port, datasecurity optionetc. CGITT V23 standard. Supplied with ) ALL PRICES EXCLUDE VAT
Manspowered: oo cags(py OO £75(b) 27128-25 ......£2.50 Please add carriage 50p unless
WS3000 V22 (as above plus 1200 baud full Data Cables for above modems available for 2 - . . indicated as foliows:
duplex) ¢ P £495 (b) most computers. 6 64LP 15 £3.40 (a) £8 (b) £2.50 (c) £1.50 (d) £1.00
WS3000 | V22bis2400 (as above plus 24%0
D g £650 (b) Serial Test Cable ‘ Serial Mini Patch Box Serial Mini Test
A world standard modem covering V21, V23 Serial Cable switchable at both ends aflowing pin Allows an easy method to reconfigure pin functions Minitors R§232C and CCITT V24
(Bell 103/113/108 outside UK) and including optionstobere-routedor linked ateitherend usinga 10 without rewiring the cable assy. Transmissions, indicatingstatus with duatcolour LEDs
75,300, 600, 1200 baud ratings. Optional Auto way switch making it possible to produce almost any Jumpers can be used and reused £22 (d) on 7 most significant lines.
dial, autoanswercards, complete controlfrom cable configuration on site. ’ Connects in Line. : £22.50 (d)
computef keyboard. WS2000 £102 (b) Available as M/M or M/F £24.75 (d) v ’
GANG OF EIGHT CONNECTOR SYSTEMS
INTELLIGENT FAST .D. CONNECTORS EDGE CONNECTORS CAMPHENOL RIBBON
EPROM COPIER (Speedblock Type) : 01" 0.156" S:ldeF: 20¢ (grey/metre)
Copiesuptoeightepromsatatimeandacceptsall | Noof Header Recep- Edge | 2°:Eway (commodore) o 309 | sgwaypiug  500p  475p 10way  40p  34way  160p
single rall eproms up t0 27256. Can reduce pro- | “%° ‘ots ‘G 1200 | 5x 12wy vic 20 B ssop | swayskt  ss0p S00p Jeway  g0p  Owav 180
gramming time by 80% by using manufacturer's 20 145p  125p  195p 2 x 18-way — 140p 24 way plug 2eﬁwg‘§ 1203 64-way m‘;
suggestdd algorithms. Fixed Vpp of 21 & 25 volts 26 175p  150p  240p 2 x 23-way (ZX81) 175p 220p 1EEE 475p  475p .
and varigble Vpp factory set at 12.5 volts. LCD u 200 150 3200 | 2x2way (Spestrum) 2250 220p | 54 ay skt
display wiith alpha moving message. £395(b). 8 2% Joob 390p | Zxdoway oo 3508 - IEEE 500p 5009 DIL HEADERS
_1x43-way 260p - PCB Mtg Skt Ang Pin . Solder IDC
SOFTY Il DCONNECTORS 2xaway B | e dwyrsw | 140 20p 1908
b g -~ . in
This low [cost intelligent eprom programmer can §° 15“325 37 | 1xIrway . 400p 500 IR ENDER CHANGERS 18 gin 60p -
program|2716, 2516, 2532, 2732, and with an | MALE: 2xS0way{S100conn) _800p____— 25 way D type 20pin  75p -
adaptor, 2564 and 2764. Displays 512 byte page |ang.Pins 120 180-230 350 EURO CONNECTORS 24pin  100p  150p
on TV — hasaserial and parallel/Oroutines. Can |goider 60 85 125 170 Pl Male to Male........... €10| 28pin 160p  200p
be used as an emulator, cassette interface. IDC 175 275 325 - DIN 41612 ug Socket |Male to Female........ €10| 40pin 200p  225p
igﬁy .. 376Aio564 £I5. bb( ) ,,,,, £195(b) |FEMALE: S'x :33% way it Pi; 230p 2;5p Female to Female...... £10|
aptor for 2764/2564. £25.00(c i - x 32 way Ang Pin 275p 320p e : .
ELP'&nS }gg ;?8 S-}g ggg 3 x 32 way St Pin  260p 300p RS 232 JUMPERS ’ TECHNOL'NE
UV ERASERS Solder 90 130 195 200 3% 32 way Ang Pin375p 400p (25 way D) ! J
- IDCSktA+B 400p 24" Singte end Male VI y Y
DG 195 325. 375 S| 24" Single end Female E ATA s STEM
Al erasefs with built in safety switch and mains |StHood 90 95 100 120| 'DCSktA+C 400p . g ing P
All 4 24" Female Female . Using ‘Prestel’ ‘type protocols
indicator, . Screw 130 150 175 - For2 x 32 way&)lease specify 24" Male Male X ' s e iy -
83} 13 erases up t0 6 eproms atatime.... £4;(c; Lock spacing (A+ B, A+ C). 54” Male Female y fOr: mf%r1m4a;g)ng7§2d 2:"_'(1‘9"0
aspbove butwithatimer.......... £59(c] * one 01- . our
UV140 efases up to 14 eproms at a time. 238‘(}3) soc:KETrsEXTOOL E,!F os| 21 pin yt:lz?rfcggr?eﬁt%mwp 4way 90p6way 105p ’ Fs#,,ervice, 7 days a week.
i i in £7. . - - '
UV141 as above but withatimer......... £88 (b) 28-pin £9.00 40,;“ €12 8 pin Video Connector.200p 8-way 120p 10-way 140p B
14 ' ‘ ETI JULY 1986
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7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7439
7440
7441
74427
7443A
7444
7445
7446A
7447A
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7483A
7484A

7486
7489
7490A
7491
7492A
7493A
7494
7495A
7496
7497
74100
74107
74109
74110
74111
74116
74118
74119
74120
74121
74122
74123
74125
74126
74128
74132
74136
74141
74142
74143
74144
74145
74147
74148
L 74150
74151A
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74164
74165
74166
74167
74170
74172
74173
74174
74175
74176
74178
74179

74181 340p ; 74LS162A  75p | 74508 50p | 4063
74182 140p | 74LS163A  75p | 74510 50p | 4066
dop| 74184 180p | 74LS164 78p | 74511 75p | 4067
%0p| 741854 180p | 74LS165A 110p | 74520 50p | 4068
20p| 74190 130p | 74LS166A  150p | 74522 50p | 4069
a0p! 74191 130p | 74LS168  130p { 74530 50p | 4070
28p| 74192 110p | 74LS169  100p | 74532 80p | 4071
40p| 74193 115p | 74LS170  "140p | 74537 60p | 4072
40p| 74194 110p | 74LS173A  100p | 74538 60p | 4073
40p| 74195 80p| 74LS174  75p | 74540 50p | 4075
30p| 74196 130p | 74LS175  75p | 74551 45p | 4076
0p| 74197 110p | 74LS181  200p | 74564 45p| 4077
30p] 74198 220p | 74L5183  190p | 74574 70p| 4078
30p| 74199 220p| 74LS190  75p | 74s85 300p | 4081
30p| 74221 110p!| 7415191  75p | 74586 100p| 4082
S0p| 74251 100p} 7405192  80p| 745112  150p) 4085
70p| 74259 150p| 74LS193  80p| 745113  120p| 4086
38p| 74265 380p | 74LS194A  75pf74S114  120p| 4089
40p| 74273 200p| 74LS195A  75p| 745124  300p| 4093
30p| 74276 140p| 74LS196  80p| 745132  100p| 4094
80p| 74278 170p| 74LS197  80p| 745133 60p| 4095
38p| 74279 90p | 74LS221  80p|74S5138  180p| 4096
38p| 74283 105p | 74LS240  80p|74S138  180p| 4097
4dp| 74285 320p | 74LS241  BOp|745139  180p| 4098
adp| 74290 80p | 74LS242  90p| 745140  100p| 4099
adp| 74293 80p | 74LS243  90p|74S151 _ 150p! 4501
43p| 74298 180p| 74LS244  B8Op| 745153  150p| 4502
30p| 74351 200p | 74LS245  110p| 745157 - 200p | 4503
33p| 74365A 80p | 74LS247  110p|74S158  200p| 4504
30p| 74366A 80p| 74LS5248  110p| 745163  300p| 4505
30p| 7436A 80p| 74LS249  110p| 745169  550p| 4506
40p| 74367A - 80p| 74LS251  75p}74S174  300p| 4507/4030
40p| 74368A 70p| 74LS253  75p| 745175  320p
40p| 74376 160p| 74LS256  90p| 745188  180p| 4508
90p| 74390 110p| 74LS257A  70p| 745189  180p| 4510
70p| 74393 112p| 74LS256A  70p| 745134  300p| 4511
100p| 74490 140p| 74LS259  120p]| 745195  300p | 4512
110p 74LS260  75p| 745196  350p| 4513
100p 74LS261  120p| 745200  4S0p| 4514
100p| N 7415266 80p| 745201 320p | 4515
100p| 74LS00 ° 24p| 74LS273  125p| 745225  520p| 4516
120p| 74LS01 24p| 74LS279  70p| 745240  400p | 4517
36p{ 74LS02 24p| 74LS280  190p| 745241  400p | 4518
3tp| 740503 24p| 7405283  80p) 745244  500p | 4519
3up| 74LS04 24p]| 7405290  80p| 745251  250p | 4520
3up| 74LS05 24p| 7415292  900p| 745257  250p | 4521
Stip| 741508 24p| 74LS293  80p|{ 745258  250p | 4522
s0p| 74LS09 24p| 74LS295  140p| 745260  100p | 4526
stp| 74LS10 24p| 7415297 £9)745261  300p | 4527
stp| 74LS11 24p| 7405298  100p| 745283  270p | 4528
50p| 74LS12 24p| 7415299  220p| 745287  225p | 4529
60p| 74L513 34p| 74LS321  370p| 745288  200p | 4531
4sp| 74LS14 S0p| 74LS323  300p| 745289  225p | 4532
88p| 74LS15 24p|( 74LS324  320p| 745299  550p | 4534
180p| 74L520 24p| 74LS348  200p| 745373 400p | 4536
108p| 74LS21 24p| 74LS352  120p| 745374  400p | 4538
128p] 740522 24p| 74LS353  120p| 745387  225p [ 4539
110p| 74L524 50p| 74LS356  210p 4541
42p| 74L526 24p | 74L5363 4543
210p} 74LS27 24p| 74LS364 I 4551
sSp| 741528 24p| 74LS365 4553
70p| 74LS30 24p| 74LS366  S50p| 4000 20p | 4555
70p| 74LS32 24p| 74LS367  S0p| 4001 24p | 4556
55p| 74LS33 24p| 74LS368A  50p| 4002 25p | 4557
110p| 74LS37 24p|.74LS373  90p| 4006 70p | 4560
60p| 74LS38 24p| 74LS374  90p| 4007 25p { 4566
80p| 74LS40 24p| 74LS375  75p| 4008 60p | 4568
210p| 74LS42 S0p| 74LS377  130p] 4009 45p | 4569
190p| 74LS43  150p| 74LS378  95p|4010 60p | 4572
50p| 74LS47 BOp( 74LS379  130p{ 4011 24p | 4583
75p| 74L548 80p| 74LS381  450p| 4012 25p | 4584
75p| 74LS49  100p| 74LS385  325p| 4013 36p | 4585
55p| 74LS51 24p| 74LS390  60p| 4014 60p [ 4724
170p} 74LS54 24p| 7405393  100p] 4015 70p | 14411
110p| 74LS55 24p| 74LS395A  100p| 4016 36p | 14412
170p| 74LS73A  30p| 74LS399  140p| 4017 55p | 14416
100p| 74LS74A  35p| 74LS445  180p| 4018 60p | 14419
§5p| 74LS75 45p| 74LS465  120p] 4019 80p | 14490
70p| 74LS76A  36p| 74LS467  120p| 4020 80p | 14495
80p| 74LS63A  70p| 74LS490. - 150p | 4021 60p | 14500
85p| 74LS85 75p| 74LS540  100p | 4022 70p [ 14599
55p| 74LS86 35p| 745541  100p| 4023 30p | 22100
55p| 74LS90 48p| 74LS608  700p | 4024 48p [22101
75p| 74LS91 80p| 74LS610  1900p | 4025 24p {22102
70p| 74LS92 55p| 74LS612 1900p | 4026 90p | 4001474584
90p| 741893 54p| 74LS624  350p | 4027 40p |40106
250p| 74LS958  75p| 74LS626  225p| 4028 80p
270p| 74LS96 90p| 74LS628  225p| 4029 75p {40085
270p| 74LS107  40p| 74LS629  125p| 4030 35p | 40097
110p| 74LS109  40p| 74LS640  200p| 4031 125p | 40098
170p| 74LS112  45p| 74LS640-1 4032 100p | 40100
140p| 74LS113  45p 300p [ 4033 125p (40101
175p| 74LS114  4sp| 74LS641  150p| 4034 250p | 40102
70p| 74LS122  70p| 74LS642-1 4035 70p (40103
BOp| 74LS123  80p 300p| 4036 70p |40104
140p| 74LS124/ 7415643  250p| 4037 110p {40105
80p 629/140p | 74L.5643-1 4038 100p |40106
100p| 74LS125  50p 300p{ 4039 250p (40107
80p| 74LS126  50p| 74LS644  350p| 4040 60p (40108
175p] 74LS132  65p| 74LS645  200p| 4041 55p [40109
110p| 74LS133  50p| 74LS645-1 4042 50p (40110
80p| 74LS136  45p 400p | 4043 60p [40114
110p| 74LS138  55p| 74LS668  80p| 4044 60p [40147
110p| 745139 55p| 74LS669  90p| 4045 100p 40163
120p| 74LS145  95p| 74LS670  170p | 4046 60p (4017374067
110p| 74LS147  175p| 74LS682  250p| 4047 €0p
140p| 74LS148  140p| 74LS684  350p| 4048 55p [40174
400p| 74LS151  €5p| 74LS687  350p| 4049 38p |40175
200p| 74LS152  200p| 74LS688  350p | 4050 35p |40192
420p] 74LS153  65p| 74LS783  £21] 4051 65p |40244
140p) 74LS154  160p 4052 80p [40245
110p| 74LS155  65p| 748 SERIES | 4053 80p {40257
105p] 74LS156  65p 4504 80p {40373
100p| 74LS157  50p | 74500 50p | 4055 80p |40374
150p| 74LS158  65p]| 74502 50p 80C95
150p| 74LS160A  75p | 74S04 50p 80C97
)| 74LS161A  75p | 74505 50p 80C98
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LINEAR ICs
Lmag3 385p
AD7581 £15] LM34CH  400p
ADC0808 1190p|| LM709 3sp
AM7810DC r28] LM710 anp
AN103 3200p | LM711 100p
AY-1-5050 100p| LM723 o0p
AY-3-1350  450p| LM725CN  400p
AY-3-8910 450p| LM733 ssp
AY-3.8912 800p} LM741 2p
CA3019A 100p| LM747 T0p
CA3028A 110p| LM748 30p
CA3048 T0p| LM1011 480p
CA3059 328p] LM1014 150p
CA3060 s0p| LM1801 300p
CA3080E 70p| LM1830 250p
CA3088 eop| LM1871 300p
CA3089E 210p| LM1872 300p
CA3080AQ  37%p| LM1886 550p.
CA3130E 90p| LM1883 4350p
CA3130T 130p| LM2917 300p
CA3140E asp| Lm3302 90p
CA3140T 100p| LM3900 00p
CA3180E 90p| LM3808 100p
CA3161E 200p LM3911 100p
CA3162E 600p LM3914 350p
CA3189E 270p; LM3915 340p
CA3240E 150p | LM3916 240p
CA3280G 270p | LM13600 150p
D7002 €6/ M51513L 230p
DAC1408-8 300p | M51516L 430p
DACO0800 300p; MB3712 200p
DACD808 300p | MC1310P 150p
DG308 300p | MC1413 750
HA1366 190p | MC1458 48p
ICL7106 675p | MC1485L 300p
ICL7611 95p| MC1406 70p
ICL7650 400p | MC3340P 200p
ICL7660 250p | MC3401 T0p
1CLBO38 400p | MC3403 85p
ICM7216B £22] MF10CN 400p
ICM7217 750p | MK50240 900p
ICM7556 90p | MK50398 790p
ICM7556 140p{ MLO20 500p
LCT120 300p | MLB22 400p
LCT130 300p | MME221A 300p
LC7137 350p | NE531 120p
LF347 120p | NES44 190p
LF351 80p | NESSS 2p
LF353 90p | NE556 60p
LF355 90p | NE564 400p
LF356N 110p | NE565 120p
LF3s57 100p | NE566 150p
LM10C 450p | NESE7 125p
LM301A 30p | NES70 400p
LM307 45p | NE571 300p
LM308CN 75p | NE582 90p
LM310 228p | NES532P 150p
M3 00p | NES533P, 180p
LM318 180p | NE55334P 120p
LM318 180p | NESS34AP 150p
Lmaze asp | oP-07EP 500p
LM334Z 115p | PLLO2A 500p
LM3352 130p | RC4136 S5p
LM336 180p | RC4151 200p
LM33g 40p | RCA4558 SSp
LM348 _ 80p | 55668 220p
LM358P s0p | SAA1900 £18
Lmaz7 300p | SFF96384 600p
LM38ON-8 150p | SL4%0 300p
LM380 180p | SN76033N 300p
LM381AN 170p | SN76489 400p
LM382 200p | SN76495 400p
LM383 325 | SPO256AL2  700p
LM384 220 | TA7120 120p
LMB386N-1 100p | TA7130 140p
LM387 270p | TA7204 150p
LM389 180p | TA7205 90p
LM391 100p | TA7222 150p
LM392N 110p | TA7310 150p
VOLTAGE REGULA
FIXED PLASTIC
1A +ve
5v 7805 45p
6V 7806  50p
18V 7808 S0p
12v 7812 4sp
15v 7815  50p
18V 7818 50p
24v 7824 50p
5V 100mA 78L05 30p

Fixed Regulat
LM309K 1A 5V
LM323K 3A 5V
78HO5KC 5A 5V
78H12 5A 12V
Vanable Regula!ors

LM305

LM317T TO-220
LM317K TO3
LM337T 3A+VAR
LM350T 5A+VAR
LM396K 10A+VAR
LM723N

78HGKC 5A+VAR
79HGKC 5A+VAR
78GUIC 1A+VAR
79GUIC 1A+VAR
Switching Regulators

ICL7660

S5G3524

TL494

TL497

78540

.EY ROAD, LONDON NWIO
Iy 01 ”08 117‘7) Telex; 92 8001 '

' COMPUTER COMPONEN

CHARACTER

:gé::;e €18 ::tég: GENERATORS " |
TBA231 120p | 1802CE AM25510 1:::; 81LSO7 uop R03-32513
TBAS00 80p |2650A 8279 €11 AM25L52521 81Ls98  140p| UC 850p
I::;g :: 6502 8282  300p 83LS120  300p| | C 850p
6502A 4s0p| 8284 480p | AM25L52538 9602 el KEYBOARD
TBAS20M :

Torso  aong (830024 TSI SR % cearar  taeg LLTLIAY
TBAS50 250p €18 1 9638 190p! AY 5 2376 1150p
28p ss 2 87554 50p,

TC9108 soop | 880: 3000( 159901 £14 | AM26LS32 ZN425EB 74C922  S00p
TCAB40 178p | 6809 850p| TMS9%01 500 120p ZN42EB 3s0p!74C923 600D

TDA1010 228p | 6809E €8] TMS9902  500p | D7002 €8 ZN427E 800p!
TDA1022 00p |68809 £10 TMS9911  £18|DACBOCBI.V  ZN42BEB  450p! EEmypppm
TDA1024 110p | 68BO9E £12 %Sp!‘?g“ 2:;: oM8131 £28 gxﬁgé bidl aENERATORS
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Common Concern

Dear Sir,

I have no wish to continue the
Greenham Common controversy
— however, | have now read two
letters in Read/Write from readers
who wish to cancel their ETI
subscription because of the article.

_ Thiarticle occupied
three-quarters of one page, an
informative documentary feature
like mercy killing or abortion
would|be on BBC 2 television — if
you dan’t like it, you turn over.
Considering there are 66 other
pages to choose from, the majority
of which are straight-to-the-point
projects without even an SDP
abbreviation, | feel anyone who
cancelf the magazine must be out
of their tiny minds. Perhaps, more
to thetruth, they prefer the £1.20 .
in their pockets.

It has taken engineers like
myself many years to climb the
tree of success, over 30 years since
my first crystal set in Luton in 1956.
Do we stand still or do we
progress? Technology and defence
-are Iiné(ed and breakthroughs in

technology will always find their
way into defence. In my son’s
lifetime Star Wars will make
Greenham Common obsolete, just
like Fleet Street and black and
white newspapers today.

Each month ETl is a chunk of
progress — the latest innovations,
advances in technology and new
products — an Aladdin’s cave of
new thought every month. If no
one dares to include a comment,
an article, for fear of offending
someone somewhere, what a dull
lot and a dull country this would
surely become.

Like many readers | have
learned more about the nuclear
industry in the past weeks than in
all my schooldays. Through all the
argument, the rights, the wrongs,
the facts, one thing has become
apparent to me. We are more
likely to have nuclear accidents
than.nuclear war, and in a densely
popu)ated country such accidents
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could have similar effects to a
nuclear war. Such accidents as a
fire leading to a meltdown in an
old-style magnox reactor could
cause an explosion which could
not be contained. The result, as
everyone knows from April 26 in
Russia, is pollution of the air, the
ground, the rain, the milk and the
food chain, leading to cancer and
certain death within a 30 mile
radius within three days... ina
word, threads. Such an accident
would not grant us 700 miles
isolation and survival like Sweden.
It is also apparent that such an
accident whether caused by
human error, component failure or
terrorist attack could not offer a
safe evacuation of the population
intime, :

The words | can hear are safe;
inspected; automatic safeguards;
cannot go wrong... everything
made by man goes wrong sooner
or later and a designer of nuclear
reactors says he expects one to
blow up every five years (First
Tuesday — ITV— May 6).

Perhaps two readers who
cancelled ETI are reading this.

Yours faithfully,

Keith Lawrence B.Sc.,

likley,

West Yorkshire.

Of Caves and Waves

Dear Sir,

Mike Bedford, in his article on
the Troglograph cave radio (ETI
May '86) has made some
fundamental errors in his
explanation of the underlying
electro-magnetic theory. Of
course, it is not necessary to
understand the e-m theory in
order to produce a working
practical design, but | am surprised
that you should print and thereby
perpetuate certain misconceptions
about such a fundamental subject.

Mike states that we normally
mean the electric field when
referring to radio waves. In fact
transistor radios with their ferrite
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rod aerials, and radio amateurs
with their frame aerials are both
making use of the magnetic part of
the radiated field, which does not
in this case drop off under an
inverse cube law as Mike states.

Mike also states that the
electric field of ‘normal’ radio
radiates in straight lines which is
why direction finding (DF) is easier
than using the ‘eliptical loops’ of
the magentic field. This is not true.
As | have mentioned above the
magnetic field can be used for DF
with no problem. (Rotate your
transistor radio until the signal
fades — the direction of the ferrite
rod is then at right angles to the
direction of the transmitter).

Thirdly, Mike states that electric
fields need aerials of the order of a
quarter or half a wavelength in
order to radiate. Having an aerial
of this size certainly helps, but it is
not true in the general case and a
circular loop can radiate a perfectly
good electric field, just as a wire
can produce a magnetic field.

I think Mike may be getting -
confused because what happens
very close to an aerial (much less
than a wavelength away) is very

different to what happens at larger

distances in terms of the way the

‘fields behave. The maths is quite

complicated, but in simple terms
what happens is that a current
oscillating in a wire or a loop
causes both electric and magnetic
fields to be set up in the
surrounding medium. The maths
can be simplified if we are either
very close to or very far from the
source of the fields. At large
distances the electric and
magnetic fields have a fixed

‘relationship, and the magnitude of

both (in certain directions at least)
drops off with an inverse distance
relationship. The result of this is
that the power carried by the wave
drops off as an inverse square
relationship. This field is often
called the radiation field, or the far
field.

At close distances the picture is
different. The dominant terms in
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the maths do not suggest any
power radiation. The electric and
magnetic fields behave as if they
originated from static conditions
and are called the electrostatic and
induction fields, or together they
are called the near field. For a
current loop the induction field
drops off as an inverse cube
relation, and the electrostatic field
as an inverse square. For a short
wire aerial the relationships are
the other way round. The
magnitudes of all the field
components depends on a
number of factors, and a good
approximation at low frequencies
is to forget the radiation field
altogether.

The field patterns are not quite
as Mike states. It would take far
too long to explain here why they
are different, but it is important to
realise that magnetic waves are not
inferior to electric waves. It is a
question of the orientation of the
transmitter and whether it is the
near or far field that is important.

In Mike’s diagram of the magnetic
field lines (Fig 2, page 26) the
electric field lines would be
concentric circles, not straight
lines as he states, and for an
electric dipole (a short wire aerial)
the role of the electric and
magnetic fields are reversed — no
straight lines anywherel

A personal view is that Mike is
wrong to think that induction
loops are used because waves can
be somehow ‘propagated’ more

-easily than from an electric dipole.

Both vertical and horizontal wires
can perform well, if not better than
aloop aerial. They have
disadvantages in that they are less
portable, require high voltages and
are not (superficially at any rate) as
easy to understand as loops. For
anyone who wants further
information | suggest the book ELF
Communications Antennas by
Burrows, published by Peregrinus
which Mike himself quotes as a
reference. A good book on e-m
theory is Introduction to

Electromagnetic Theory by
Clemmow, published by the
Cambridge University Press.
Notwithstanding these
technical errors, | am sure Mike
has done a good job on producing
a piece of working equipment, and
that is what it is all about really
isn’t it? And it is pleasing to see an
original project of this sort in ETI.

Yours faithfully,
David Gibson,
Broadstone,
Dorset.

We spoke to Mike Bedford, who
agreed with the points made in the
letter and suggested that the
confusion is substantially semantic.
Throughout the articles, read
electromagnetic field for electric
field and induction field for
magnetic field. In the context of
this project, the induction field is
all that need worry the constructor.
— Ed.

AUNTIE STATIC'S PROBLEM CORNER

Since the fire at the Chernobyl
nuclear reactor, and the
consequent rise in radiation levels
throughout the British Isles, we
have had numerous ‘phone calls
from ETI readers concerned about
health hazards from contaminated
food, milk, water, and from the
general rise in background
radiation levels. The Editor has
asked me to devote my page this
month to describing some of the
ways that radiation can be
detected and measured.

It has been known since the end of
the last century that some elements
are radioactive — that is to say, they
spontaneously disintegrate, emitting
high energy radiations. The three main
types of radiation involved are alpha
particles (helium nuclei), beta particles
(electrons) and gamma rays (short
wavelength radiation, which overlaps
the high frequency end of the X-ray
spectrum, and continues into very
short wavelengths —0.54 to about
0.005A.) |

There are a number of measurements
and guidelines to ‘safe’ exposure to
radiation. The most commonly used unit
of exposure is the roentgen, R, defined
as the amount of radiation that
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A portable ratemeter with accessories. It can be used with a Geiger-Muller tube
attached to a socket on the front (as shown) or with an extension lead and socket
which allows the GM tube to be some distance away from the ratemeter. The
applied voltage can be varied from about 350V to 600V to suit different tubes. The
remaining controls select the count range and time constant, and a socket is also
provided so that a semiconductor alpha particle detector can be used instead of a

GM tube.

produces in air, under specified

| conditions, ions carrying %5 x 10-9

coulombs of charge. Air was chosen
because its mass absorption
coefficient is almost the same as that
for body tissue. The damage caused by
radiation will depend on the absorbed
dose, the exposure rate and the parts
of the body exposed (hands and feet
can receive comparatively high doses

without permanent injury, whereas
the eyes are particularly sensitive).

The effects of acute radiation
exposure over the whole body
(ignoring carcinogenic effects and
genetic damage) are: 20-50R, some
changes in blood composition; 100-
250R, severe illness, but recovery
within six months; 400R, fatal to 50% of
people exposed; 600R, always fatal. As
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far as genetic damage is concerned,
there is no safe limit, but the incidence
of observable effects rises rapidly for
sure of more than about 10R
years. From background

ion, the dose to be expected over
e is about 4R, so the margin is
very small. .

- Other units of dosage you may see
bandied about in the press are: the rad
(radi:gon absorbed dose) which is

10-5} of absorbed energy per gram of
absorbing material, and the rem
(roentgen equivalent man) — a unit
which takes into account the fact that
different types of radiation cause
widely differing amounts of damage for
the same absorbed energy. Table 1
gives a rough indication of the RBE
(relative biological effectiveness) — a
nauseating term — of various types of
radiation. Alpha particles, for instance,
cause 10 to 20 times as much damage
for a given energy as gamma rays. The
biological dose in rems is calculated by
multiplying the absorbed dose in rads
by the RBE for the radiation
concerned.

Radiation dosage over a period of
time is conveniently measured by a
device called a dosimeter. A low cost

“quartz fibre dosimeter is available from

Radia ‘ion Type RBE
X-ray, gamma ray, beta ray 1

Thermal neutrons 2-5
Fast neutrons ' 10

Alpha|particles, high energy-ions 10-20

Table 1 A comparison of the relative
biological effectiveness (RBE) of
diffe! ‘ent types of radiation.

Audio Electronics, 301 Edgware Road,
London W2 1BN (tel: 01-724 3564) for-
_around £7. 1t looks like a fat fountain
pen, and clips to your pocket in a
similar/way, so it can be carried around
at all times. At one end is a lens, giving
aview of a scale reading from zero to
5R. The ionisation caused by radiation
entering the tube gradually causes it to
discharge, moving a pointer across the
scale, from which you can read your
total radiation dosage.

In ﬁhe current situation, the main
concern is the radioactive material
which%f finding its way into milk, water

and food. A dosimeter is of little use in
testing radiation levels directly — if
you left it next to some contaminated
milk for a week, it would no doubt
discharge, but by then the milk would
be sour anyway. An indication of the
degree of contamination can be
obtained by using a Geiger counter.
ETV's technical wizards came up with
the circuit in Fig. 1 when asked to

one on the spur of the moment.
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GM TUBE

D3

C
100n W pg +

NOTE:

iC1 = LM358

Q1 =BC107

Q2 =BC212
D1=BA158

D2,34 = 1N4148
ZD1,2,3,4 = SEE TEXT
GM TUBE = SEE TEXT

Fig. 1 Circuit diagram of a simple ratemeter.
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I should point out that the circuit has
not been entirely tested but it should
certainly work with the minimum of
attention. Strictly speaking, it is a rate
meter rather than a Geiger counter, but
it would be a simple matter to feed the
pulses from Q2 into a counter IC
instead.

The coil can be wound on a small pot
core, taking a little care over the
insulation of the secondary winding,
since it produces about 450V. ZD1 to
ZD4 are chosen to suit the particular
GM tube used — the sum of their
voltages should be equal to the tube’s
recommended operating voltage. GM
tubes can be obtained from: Alrad
Instruments, Turnpike Rd. Ind. Est,,
Newbury, Berks RG13 2NS. A general
purpose gamma sensitive tube, the
ZP1200, costs £45.30 inclusive of
postage and VAT.

GM (Geiger Muller) tubes vary in
construction, but typically consist of a
tungsten anode in the centre ofa
tubular cathode — a metal cylinder or
sometimes a layer of graphite on the
inside of a glass tube. The window
allows alpha and beta particles to enter
with the minimum of obstruction and
in some very sensitive tubes the
window can be extremely fragile, and
may admit ultra violet light, which can
also trigger the tube. The best bet is to
buy a low cost, general purpose tube,
which will be quite adequate for testing
your vegetables, and will give fewer
spurious readings. ;

Inside the tube will be aninert gas,
often neon, at a low pressure —
around 10cm. Hg. In circuit, the
applied voltage should be high enough
to prevent recombination of any ions
formed by radiation entering the tube,

* but low enough not to exceed the

dielectric strength of the gas. The tube
will have a recommended range of
operating voltages, so choose a
voltage towards the centre of the range
and fit the zeners accordingly.

Any radiation entering the tube will
cause ionisation of the gas. Electrons
from the ionisation will be accelerated
towards the anode, producing more
ions by collision on the way. This
secondary ionisation produces more
electrons, which produce yet more
jons, and so it continues in geometric
progression. A single charge in the
tube will be enough to trigger a
substantial discharge which can be
detected as a sudden burst of current
from the anode, amplified in our circuit
by Q2.

The relatively massive positive ions
drift more slowly towards the cathode,
taking around 100uS to reach it — by
this time they will have considerable
energy, and if left to their own devices
would cause more electrons to be
liberated from the cathode, giving
continuous conduction. To prevent
this, a quenching agent such as .
bromine is mixed in low concentration
with the neon, to absorb the energy
from the positive ions. This process has
the unfortunate consequence of
making the tube fairly slow to recover
after a discharge — around 200us is
needed between discharges if the tube
is to behave correctly. If the radiation
is too intense, the tube will ‘freeze’ or
‘jany’ in a state of continuous
conduction. This certainly will not
happen in testing your milk
contamination, but should be borne in.
mind if using the meter for other
purposes. — Auntie.

ETI JULY 1986




e -D‘ & S

e FEATURE

SATELLITES —
SETTING THE
WORLD ALIGHT?

'With our ever-watchful gaze on the skies, we bring you an

update on the world of satellites and the satellites of the world.
Keith Brindley supplies the words. |

was spent on developing rocket propulsion for
purposes otherthan communications. Itbecame
clear that manufactured Earth satellites could exist if
rcckets could be used to launch them high enough
above the surface of the Earth. At the right altitude, a

ID uring the Second World War considerable effort

satellite could travel fast enough for its own centrifugal

farce to counter the tendency of gravity to bring it crash-
ing down. Despite Werner von Braun’s best efforts, it
was not until 1957 that the first satellite (Sputnik 1) was
launched. And it stayed only three weeks in orbit.

The world’s first communications satellite (Score)
was launched the following year by the USA. Like Sput-
nik 1, Score only lasted a short time. But satellite com-
munication had been born, some 15 years after it had
first been envisaged.

Figuratively Speaking

Since Sputnik 1 there have been an estimated 2,770
launches of satellites. Some of these have been multiple
launches, so the total number of artificial earth satellites
launched is nearer to 3,000. There are actually 5,560 or
so objects, artificial or otherwise, in orbit. They range
from the Moon right down to fragments which have
broken off other satellites. ,

Of the 3,000 launched satellites, about 1,000 have

come down again. Few of the remaining 2,000 are still
_transmitting — a realistic estimate of as low as 10% to

15% makes only 200 to 300 satellites functioning at this
moment! This isaverr)difficultfigure toestablish beyond
question because nobody wants to admit to poor design.
Authorities on both sides of the Iron Curtain keep this
sort of information under their hats, merely ignoring the
fact that satellites have failed until everyone’s forgotten
about them anyway.

- Very roughly, there are about 100 new satellites put
into orbit each year and about 80% of these are of Soviet
origin (a figure which mustembarrass the USA). Thought
forthe day must be why the Soviets launch so many. Is it
because they see World supremacy in whoever has the
best satellite systems? Or is it because their standard of
electronicproductionis so poorthat theirsatellites have
only a very short working life? Or is it because while the
USA Futs all its efforts into glamorous, high profile pro-
jectslike Moon landings and shuttles, the USSR prefersa

more methodical and less publicity conscious form of
ETIJULY 1986

space exploration and exploitation?

Inanyform of satellite communication one of thefirst.
problems which has to be overcome is exactly how to
transmit to and receive from an orbiting satehite. The
satellite must be thousands of kilometres up in space for
it to orbit, so transmissions to and from it will be quite
weak by the time they have traversed the distances. On
Earth, a satellite receiving station (commonly called an
Earth Station) must have an acceptable aerial — or
antenna — system to pick-up transmissions. The aerial
must be accurately pointed at the transmitting satellite.
Easy to say, but not so easy to do!

On The Right Tracks

The problem of ensuring that the aerial always points
at the satellite closely and tracks it accurately is fairly
complex. The aerial’s horizontal and vertical position is
commonly varied by steering systems, whichare in turn
controlled by the strength of the received signal so that,
as the satellite traverses the sky, the aerial follows itand
makes sure that maximum signal strength is obtained.
Such aerial systems are complex, heavy and expensive;
not the sort of thing to have on your roof, strapped to
your chimney.

Evenwith this reception restraint, satellites with such
orbits are used for a number of purposes. However,
there is a way to overcome the tracking problem and
make light work of transmission and reception.

This is the so-called geo-stationary orbit, first con-
sidered by science fiction writer Arthur C. Clarke in an
article in the October, 1945 issue of ‘Wireless World'.
With brilliant foresight, Clarke realised that the inter-
dependency of satellite orbitradius and period could be
used todirectadvantage by positioningasatellite so that
its orbit radius ensured an orbital period equal to the
Earth’s rotational period. By putting the satellite in orbit
about the Earth’s equator, travelling in the same direc-
tion as the turning Earth, the satellite would appear
stationary to an observer on the planet’s surface.

The radius of the Clarke orbit is 42,164km — that is
35,786km above the Earth’s surface. Orbital speed at
this heightis 3,075 metres/second and period isapprox-
imately 23 hours and 56 minutes. This period is that of
thesidereal day, and notthesolardaywhichis exactly 24 ’
hours. The orbit is, of course, circular.
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The geo-stationary orbit (GSO) is of immense value,
as earth stations with fixed aerials can be used to receive

transmissions from satellites in GSO. This has meant the
development of low-cost reception systems aimed at
domestic consumers. .

The first satellite to be launched to a geo-stationary
orbit was the Syncom 3 communications satellite. It
reached a geo-stationary orbit on 19 August 1964.

Near And Far

The GSO is quite a long way out in space: about 5%
times/the Earth’s radius from its surface, in fact. At this
distance, a single satellite with a sufficiently wide angle
of transmission can broadcast line-of-sight radio fre-

uencies with a ‘coverage area’ (sometimes called a
‘tootprint’) of about one third of the Earth’s surface (Fig. 1).
As few as three satellites can be used to cover the whole
of the Earth’s surface and a signal can be transmitted
from one Earth station via a satellite to any other station
on the Earth’s surface. On the other hand, satellites in
GSO with narrow angles of transmission can be used to
broadcast to precise, fixed areas on the Earth's surface
(Fig. 2). Earth stations outside a ‘spot-beam’ will not be
able to pick up the transmissions.

SATELLITE'S ORBITAL DIRECTION
AROUND THE EQUATOR

&

35786km
ABOVE THE
EQUATOR

Fig. 1 A satellite in the
frequencies with a coverage area of about one third of
the :arth's surface.

In practice, limits on GSO satellite transmissions are
reached at latitudes north or south of the equator of
about 60° because the angle of arrival of the transmis-
sion becomes low enough to be blocked by hills, build-
ings and other surface features close to the Earth station.
Adverse weather conditions at such latitudes may also
attenx\ate satellite signals. This is not to say that satellite
trans iissions can’t be received by Earthstations outside

the 60° latitudes, just that larger aerials must be used to
ick up the weaker signals, and aerial positioning
ecomes more critical.

For some purposes, the GSO is not useful. Earth
surveillance satellites (that is, satellites with on-board
sensars and cameras — more commonly called ‘remote
sensing satellites’) need to be close to the Earth’s
surfaie to allow sufficient resolution of details such as
weather, crops, drought, pollution, mineral resources
and ocean currents. At a tenth of the distance to the
Moo b the GSO is just too high.

‘Lep]test surveillance satellites can resolve detail down
to ten metres and their uses are as yet limitless. If you
need to know anything about any aspect of the Earth’s
surface, a remote sensing satellite could check it out for
you easily and quickly — and more often far more
cheaply than sending out a team of observers would
cost. :

Remote sensing satellites usually fly a circular polar
orbit (Fig. 3) at a height of around only 900km. As the
earth turns beneath them, they can survey the whole
surface in a few orbital periods (Fi% 4). Earth stations
which receive transmissions direct from such satellites
encounter the tracking problems previously discussed.
TheGSO can help hereby providingageostationary data
collection and transmission relay, allowing simple earth
stations to receive transmissions from satellites in other
orbits, without the inherent tracking problems.

SATELLITE
OOTPRINT

Fig. 2 A satellite in the GSO with a sp‘ot-beam can be
used to transmit to selected areas of the earth’s surface.

~ Spy satellites are really surveillance satellites in
extremely low orbits so thatthey can resolve the finest of
details, even — it is sometimes said — down to the
headlines on a newspaper. As a result of such low orbits,
severe atmospheric drag is common and spy satellites
Ioften I_:e-enter the atmosphere only a few weeks after
aunch. :

SATELLITES IN ELLIPTICAL ORBITS:
AMATEUR COMMUNICATIONS.

SATELLITES IN POLAR ORBIT.
REMOTE SENSING; SOME
AMATEUR COMMUNICATIONS.

SPY SATELLITES IN VERY
LOW CIRCULAR ORBIT.

SATELLITES IN
GEOSTATIONARY,
EQUATORIAL ORBIT:
COMMUNICATIONS;
BROADCASTING;
REMOTE SENSING.

' Fig. 3 A variety of possible satellite orbits and uses.
Remote sensing satellites usually fly a circular polar
orbit, at a height of around 900 km above the earth’s
surface. Communications satellites are usually in the
GSO. '

There is nothing against the GSO being used to
hold aremote sensing satellite (as long as the resolution
limits are acceptable), nor is there anything to prevent a
circularor elliptical orbit being used to flya communica-
tions satellite (provided that adequate tracking aerials
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are used). It really all depends on the use.

Weather Satellites

There are a number of weather satellites, in various
orbits, transmitting on various frequencies. Most of
them transmit their data —cloud cover pictures, tem-
perature profiles, sea state, ice precipitation, snow cover
and so on — using the automatic picture transmission
(APT) system, in which each picture is transmitted in an
analogue line-by-line format similar to television pic-
tures butatamuch slowerrate — 120 lines perminute. A
2400Hz carrier is amplitude modulated between 5%
(black) to 80% (white), separated into lines by square
wave synchronization pulses. Although these pictures
can’t be displayed by a basic television, some simple
software running on a home computer is all that's
required to re-process them to a form that can be
displayed in your living room.

SHADOW OF
‘. SATELLITE

EARTH'S
ROTATION

\
SATELLITE'S #a,
ORBIT ~

-Fig. 4 A circular polar orbiting satellite will cover most of

the earth’s surface in a number of orbits.

- The best type of orbit for weather satellites is polar,
circularand ata height ofabout900km above the Earth'’s
surface. Tiros (television infra-red orbital satellites) series
satellites are launched and controlled by the National
Oceanic and Atmospheric Administration (NOAA). The
satellites are often known by the‘NOAA’ acronym, and
there are currently four Tiros series satellites in orbit:
NOAA-6,7,8,and 9, spread around the Earth. Allof them
have a 101 minute polar orbit, so pretty much all of the
Earth’s surface is covered over comparatively short
time periods. "

: As they transmit at a relatively low frequency (137-
138 MHZ;/ reception is fairly simple, with few tracking
roblems as ordinary non-directional dipole aerials can
e used. APT pictures consisting of two scenes side by

side, one of visible light and one of infra-red conditions,

are continuously transmitted by each NOAA satellite.

Similar satellites launched and controlled by the
Soviets, known as Meteor satellites also transmit APT
pictures in the same frequency band between 137 and
138MHz. Their transmissions are of single scenes in the
visible spectrum. .

Weather pictures commonly seen on television are
usually taken from geostationary satellites, such as
Meteosat, which is positioned directly over the Green-
wich meridian at 0° latitude. There are a number of
similar satellites spaced around the GSO so the whole
world is effectively covered. Their data comes not only
from on-board cameras, but also from hundreds of data
collection platforms (DCPs) onthe earth’s surface. DCPs
can be land-based, sea-based, orairborne. They can be
automatic or semi-automatic and they can transmitonly
when the satellite requests information, on a pre-
determined weather event. ‘

ETIJULY 1986

e — FEATURE: Satellites

Eachsatellite’s correlated dataarefirst transmitted to
areceiving and processing Earth station, where they are

‘processed to enhance picture quality and add country

outlines together with latitude and longitude lines. The
dataare thentransmitted back tothesatellite forgeneral
transmission eitherinabasicAPT formatorindigital high
bit rate format similar to the original format used to

transmit the data Earthwards in the first place.

In either case, the pictures are of high quality due to
the processing, and in the case of the digital high bit rate
format very high resolution pictures can be received.
Transmissions are at frequencies around 1.6 to 1.7GHz,
and are outside most amateur reception capabilities.
Dishaerials, low noise convertersandreceivers are avail-
able from a number of sources, at prices up to about
£2,000 for a system. It's probably better to buy a telly,
and wait for the weatherrnen at those prices! :

Amateur Satellites

There are a few satellites in orbit designed mainly for
communications and telemetry purposes for radio
amateurs and educational establishments. The two
satellites of direct interest in the UK are UoSAT-2 —
designed and built by the Department of Electronicand
Electrical Engineering ‘at the University of - Surrey
(hence UoSAT).

The two UoSATs are sometimes known as OSCAR-9
and OSCAR-11 (Orbital Satellite Carrying Amateur Radio). -
Both are in polar orbits but at different altitudes, and so
have different orbital periods.

OSCAR-9 (UoSAT-1) isatan altitude of 554km witha
95 minute period. OSCAR-11 (UoSAT2) is at an altitude
of 700km, with a period of 98 minutes. Both satellites
transmit telemetrical data atafre(?uency of 145.825MHz
so reception is fairly simply, with few tracking problems,
although Dopgler shift takes the apparent received fre-
quency to about 145.830MHz when the satellite
approaches, and 145.810MHz as it recedes. Data is
trafnsmitted on other frequencies too, up to 10.47GHz
in fact.

Another amateur satellite is OSCAR-10, like the
other OSCARs but allowing two-way amateur radio
communications. Separate uplink and downlink fre-
quencybandsare used forthis facility, which is known as
‘transponding’. The uplink frequencybandisfrom435.027
MHz to 435.179 MHz and the downlink band is from
145.825 MHz to 145.977 MHz Any satellite which
allows two-way communications uses this principleand
has at least one transponder.

OSCAR-10 has an elliptical orbit, which means that
the satellite is difficult to track as it approaches and
recedes. Atits apo&ee (the furthest Eoint fromthe Earth,
at about 33,500 km), however, the satellite appears
stationary for quite long periods and simple aerial
systems suffice. ; '

There are a number of Soviet amateur satellites (the
RS series, standing for Radio Sputnik) with transponders
and telemetrical beacons in circular polar orbits with
periods of around 2 hours.

Broadcast Satellites

Forreasons which should beapparent, any broadcast
satellite television service must use satellites in the
GSO — bandwidth requirements and the number of
channels desired mean that high transmission frequen-
cies must be used, which impose tracking problems if
the broadcasting satellite is in anything other than a
geostationary orbit. At high transmission frequencies,
dish aerials are most suitable (although some new
designs are currently being investigated and the neces-
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sary tracking devices would make the aerial systems far
too expensive for general public requirements. A satellite
inthe GSO, togetherwith fairly small, cheap, fixed aerials
are essential — particularly when it comes to direct
broadcasting by satellite (DBS). DBS transmissions (to
be distinguished from cable transmissions) are meantto
be received by individual households. The transmis-

sions will be more powerful than existing cable satellites
produce and the recommended dish size is 0.9m.
In[1971, the International Telecommunications Union
designated frequencies in the 12 GHz frequency band
for use by broadcasting satellites. For frequency alloca-
tion purposes the ITU divides the world up into three
regions: : .
Regio‘n 1 — Europe, Africa and the Soviet Union;
Regio}n 2 — the Americas; ‘
Region 3 — Australia, Asia including China and Japan.
The three regions are shown in Fig. 5. Frequencies in
each region are slightly different and have to be shared
on an|equal basis with other services such as terrestrial
broadcasting, fixed and mobile services. The frequency
allocations for region 1 is from 11.7GHz to 12.5GHz.

EQUA

160°

BEGION 3

0° 40  B0°  120°

REGION 2

Fig. 5 The three world regions, defined by the
International Telecommunications Union, for frequency
alloé‘ation purposes.

services implied that action had to be taken to define
exactly which frequencies could be used for which
services, so a World Administrative Planning Con-
ference (WARC) was set up in 1977. WARC77 defined
the general guidelines which affect broadcast satellite
services, such as channel allocations, channel widths,
transmitter power and satellite positions in the GSO.
These were only intended to be provisionaland a num-
ber of minor changes to the guidelines have been made
since 1977, .

WARC77 confirmed that it should be possible to
assign five channels to each country in the world by
allowing each country a position in the GSO where its
satellite could be orbited. The UK's satellite position, for
example, was 31°west of the Greenwich meridian, and
the five assigned channels were channels 4, 8, 12, 16,
, sharing'the same GSO position with the Azores,
anary Islands, the lvory Coast, Spain, Iceland,
, Liberia and Portugal.

- This positioning of the satellite spotat about 30° west
of the UK’s longitude is typical of most countries and
there jis a specific reason. Figure 6a shows a non-scale
illustration of the Earth, Sun and satellite in normal
operation with no broadcast problems. Figure 6b shows
the same set-up with a problem: the satellite is in solar
eclipse, so that the earth stands between itand the sun.
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Thg sharing of allocated frequencies with other

As the satellite circuits are solar powered, it is non-
operational and cannot broadcast.

Thissituation willoccurforafewminutesatoraround
each equinox in a year (these are the only times when.
the sun, Earth and satellite are directly in line), at about
midnight. By positioning the satellite some 30° west of
the country’s longtitude, however, the ‘midnight’ black-
out occurs at the satellite’s longitude, that is about two
hours after the country’s midnight oraround two o’clock
inthe morningwhen few programmes will be broadcast.
Future satellites may be battery-backed with recharge-
able cells to avoid these complications.

Anothersolar problem can occurwhenthes satelliteis
directly between the Sun and the Earth, and an effect
known as ‘sun outage’ takes place when the receiving
aerial on the Earth, pointed directly at the satellite, isalso
pointing directly at the Sun, and so picks up extraneous
noise. Again, this effect will happen at oraround the two

lequinoxes for a few minutes at a time, around twelve
hours after the eclipses — about two o’clock in the after-
noon. There is no practical solution to this problem and
broadcasters will simply have to schedule programmes
so that no broadcasts are in progress at the time.

At the time of WARC77, a number of estimates as to
receiver technologies were made, to define transmitter
power and aerial size required. Developmentsin receiver
technology have surpassed those estimates, and lower
DBS transmitter power or smaller DBS receiving aerials
— or both — wiIFbe the outcome. All that DBS is now
waiting for is an economically viable plan — satellite
receiverand aerial technologies are well developed and
the major problem is cost. Later this year, France and
Germany will be launching DBS satellites — TDF-1 and
TVSAT, as they will be called. )

Sidestepping DBS

Satellite Master Antenna Television (SMATV) uses
satellites built for communications purposes to transmit
signals basically forthe use of cable television operators.
The operators pick up the transmitted television signals
and relay them to users on the cable network.

Where television signals like these are received by
organisations such as hotels, pubs or clubs, the set-up
suffersaname change and becomes aTelevision, Receive
Only (TVRO) s¥stem. Communications satellites have
transponders of much lower powers than planned DBS
satellites (about 20W, against 200W). The receiving
SMATV or TVRO aerials need to be significantly larger
than DBS aerials (often twice the size at 1.8M or so) and
are, therefore, somewhat more difficult to site.

Fig. 6 (a) lllustrating a satellite in normal operation, and
(b) a satellite which is in a solar eclipse. A broadcast
satellite in this situation cannot transmit as its circuits
are solar powered.

Had suitable DBS systems been developed and star-
ted as originally planned, SMATV and TVRO would have
stayed exactly where they were intended — in pubs,
hotels, clubs, and cable head-ends. But a market has
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grown up around SMATV and TVRO, demanding that it
ecomesavailable on awiderbasis. The public, itseems,
wants the choice which even existing satellite television
offers, and never mind the large dish aerials and expen-
sive receivers. For £10, the Department of trade and
Industry in the UK will sell you a licence to receive
SMATV signals. '

To meet this demand (or help create it?) several
manufacturers have developed reasonably cheap equip-
ment (£1,000 to £2,000) to receive the transmitted
signalsand convertthem intoaform suitable for use with
domestic television receivers. At least one manufac-
turer's equipment is currently available for rental from
selected DER television rental shops in the South East of
England, on a trial run as a home-reception satellite
television system. If the trial is successful, it's likely that
the equipment will be made more widely available. As
this availability increases it may be perfectly correct to
think of the SMATV and TVRO signals as ‘broadcast’

~ television — much like DBS signals, but of lower power.

Currently, some 18 television services are ‘broad-
cast’ over the UK and Europe using transmissions from
two communications satellites, although some of these
services double-up and use the same channels. Most of
the services are in English, with four or five in Italian,
French or German. The more famous of the services are
problably The Children’s Channel, Premiere, Mirror-
Vision, Music Box, Screen Sport, and Sky Channel.

The two satellites, European Communications
Satellite 1 (ECS 1 or Eutelsat 1) and Intelsat V are
Erimarily used to trunk teleﬁhone calls over Europe and

etween Europe and North America. They are both in

‘orbit in the GSO — ECS 1 at 13° east of the Greenwich

meridian, and Intelsat V at 27.5° west.

ETI

' MAIL ORDER
ADVERTISING

British Code of Advertising Practice

Advertisements in this publication are required to conform to the
British Code of Advertising Practice. In respect of mail order
advertisements where money is paid in advance, the code requires
advertisers to fulfil orders within 28 days, unless a longer delivery
period is stated. Where goods are returned undamaged within seven
days,the purchaser's money must be refunded. Please retain proof of
postage/despatch, as this may be needed.

Malii Order Protection Scheme

If you order goods from Mail Order advertisements in this magazine
and pay by post in advance of delivery, Argus Specialist Publications
Ltd will consider you for compensation if the Advertiser should become
insolvent or bankrupt, provided:

(1) You have not received the goods or had your money returned;
and

(2) You write to the Publisher of this publication, summarising the
situation not earlier than 28 days from the day you sent your order
and not later than two months from that day.

Please do not wait until the last moment to inform us. When you write,
we will tell you how to make your claim and what evidence of payment
is required.

We guarantee to meet claims from readers made in accordance withthe
above procedure as soon as possible after the Advertiser has been
declared bankrupt or insolvent (up to a limit of £2,000 per annum for
any one Advertiser so affected and up to £6,000 per annum in respect of
all insolvent Advertisers. Claims may be paid for higher amounts, or
when the above procedure has not been complied with, at the
discretion of this publication but we do not guarantee to do so in view of
the need to set some limit to this commitment and to learn quickly of
readers’ difficulties).

This guarantee covers only advance paymentsent indirect response to
an advertisement in this magazine (not, for example, payment made in
response to catalogues etc., received as a result of answering such
advertisements). Classified advertisements are excluded.

AMATEUR
#02BY IR ;

Saturday 5th. & Sunday 6th. July 1986.

LOTS, LOTS

REANRIO
Milcs

©
e

dmissions: Adults £2.00 O.A.P’s & Children £1.00 Under 5’s FREE
-Family Ticket £4.50
Opening Times: Saturday 10.30 - 6p.m. Sunday 10a.m. - 4p.m.

At the "Y/3iley Conference Centre

CATERING AND BAR FACILITIES AVAILABLE ALL DAY.

" The first major two day eventin the
SOUTH of ENGLAND.

THIS IMPORTANT NEW DATE IN THE AMATEUR RADIO CALENDAR PROVIDES
STAR RAFFLES, BRING & BUY WITH LOTS OF BARGAINS GALORE.

| Ovel‘ 200 TRADE STANDS FROM ALL OVER THE COUNTRY.

RTTY — SATELLITE T.V. & COMMUNICATIONS — MICROWAVES —
HOBBY COMPONENTS — 934 MhZ — AMATEUR TELEVISION AND

MORE.............

Organisers: Amateur Radio Promotions Ltd., Woodthorpe House, Clapgate Lane, Birmingham B32 3BU. Telephone: 021 - 421 5516




ICRO-

]uli
on

networks.
here are two sides to computer aided circuit
I design. The main aspectof itis the actual analysis
ofadesigned circuit— informationabouta circuit
is fed| into the computer and, after some number-
crunching, the required response is found. This aspect
can be splitinto smaller areas: linear frequency domain
analysis (AC small signal analysis); linear DC operating
point analysis; and non-linear analysis. In this series we
shall mainly be concerned with the first two since the
third is a very complex matter hard to implement on
microcomputer. '
The otheraspect of CACD is the use of acomputerto
help with the mathematics of circuit design: solving
simultaneous equations, numerical integration and so
on. We will be lookingat circuit transfer functions, which
describe the output of circuits with respect to their
inputs :

A% Analysis

Perhaps the most important area of circuit analysis is
linear [small signal analysis. The term ‘linear is used
looselyas all components are non-lineartoadegree (see
Fig. 5)] Luckily, they can be assumed linear over a small
range of working conditions. We work on this assump-
tion to form a method of analysis for linear circuits.
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Fig. 1 (a) Equivalentimpedance circuit, (b) equivalent
admittance circuit.
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OMPUTER AIDED
IRCUIT DESIGN

n Burt takes us through the first stages of circuit analysis
home micro by way of nodal admittance and two-port

A large number of circuits are of the two port type:
theyacceptan input of some formand produceacorres-
ponding output, as amplifiers and filters do.

Alltwo port networks can be represented byasimple
equivalent circuit. Because the circuit will probably use
reactive components, we have to, use an equivalent
impedance circuit as shown in Fig. 1a. The input of this is
defined by, and V,, Z,, beingtheinputimpedance. The
output, similarly, is defined by 1, and V, with Z,, rep-
resenting the output impedance:

Z-|1 = V1/I-| with |2 =0
Z,; =V /l,with ;=0
Zzz = Vz/lz with |-| =0
221 = V2/|-| With |2 =0

Standard conversion formulae allow us to convert
freely between impedance and . admittance
parameters:

Zy =Y11/AY/Z12='Y12V/AY/222= Y1/ AV 2 =Y/ AY

Yu=Zn/ AYN12=-Zof AZN 0 =211/ AZNn=2Z51/ AY

AL =Zy1 Ly~ Ziy Zon/ AY = Y11 Y2 - Yq3 Yo

Now we can draw an admittance equivalent circuit (Fig.
1b) where:

Y= I/V, withV,=0
Y;, = 1./V, with V, =0
Yy = 1/V, with V, =0
Yy = 1,/V, with V,= 0

Theseresults can be applied toacircuitwe are analysing.
For example, voltage gain is defined as: »

Ay=V,/V,
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where V, = output voltage and V, = input voltage.

By Ohm’s law we know that V= 1Z or V= I/Y, so that

VZk= /Y ou= Y2 Va/ (Yo, +Y)

‘but Ay is V,/V,. So, if we divide the equation above

th[oughout by V,, we get an expression for voltage
gain: ‘ ,

AV= Vz/V1 = 'Y21/(Y22+Y|-)'

The minus sign indicates that input and output currents

are shown, in the equivalent circuit, as having

opposite directions.

‘ W: can/ do a similar exercise with current gain,
i = /14, v

Looking back at the impedance circuit (Fig. 1a) we can

see that: ‘

Znh= (Z,, + Z) |\,

By rearrangingthis equation, we obtainan expression for
currentgain interms of impedance. By applyingthe con-
version formulae given above, we can express current
gain in terms of admittance:

|2/|1 = '221/(222.+ ZL) ?‘ Y2.1Y|/( AY + YJYL).

A similar technique will yield expressions for the
inﬁut and output impedance of the circuit for
which Fig. 1 represents two equivalents.

Z,= (Y +Y) / (AY + Y0Y)

Zout = (Y1 + YS) / (AY + YZZYS)

Ys; = source admittance and Y, = load admittance.

From these expressions, it is clear that only values of

- admittance are needed. Because admittance is a com-

plex quantity, we can also find the relative phase of each
result — a subject dealt with elsewhere in this article.

Admitting Everything
We need away to calculate admittances. One that is
relatively simpleand well-suited to computers (because
it uses a large number of repeated calculations) is called
the indefinite nodal admittance method. This involves
the formulation of a set of equations which describe the
currents and voltages at each node of a circuit. |
The simplest way to explain this method is to con-
sider the example shown in Fig. 2 — a basic two port
assive circuit. The nodes and components have each
been labelled to show their position in the circuit. A set

® ©) vy Y12
o —T 1
vy V2
W $ Y13 Yza[
[,
@ : mn (b)
vy S

(a})

I V2

| S|
<
-

Fig. 2 Indefinite nodal admittance example circuit and its

definite equivalent.
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of simultaneods equations to describe the circuit will
show currents summed at each node in terms of admit-
tances and voltages measured with respect to an ex-
ternal reference g‘or_ example, ground):

h=1(V:-V)) Yi+ (Vi-V3) Y3

l;=(Vz-V3) Y2 + (V2= V3) Y3

l3=(V3-Vy) Y53+ (V5- V) Yoy

These equations can be rewritten in matrix form (Fig. 3).

_|1 (Y-|2 + Y-|3) _Y12 ‘ _Y13 V1 ’
L = =Yy (Y2 + Ya23) =Y.; V,
I3 =Y13 =Y23 (Y13 + st) V23

Fig. 3 Indefinite nodal matrix of sample circuit.

The 3 x 3 matrix of admittance values is the nodal admit-
tance matrix that we require and we can observe certain
properties of the elements, Y, where‘n’ is the column
and ‘m’ the row number: :

@ Y,.= Y, (the matrix is symmetrical);

® row and column elements sum to zero;

® Y,. equals minus the admittance between
nodes’n’ and‘m’;

@ Y,, equals the sum of all admittances connected
to node’n’.

Using the above rules, the formation of the nodal
admittance matrix is a trivial task on a computer — and
the rules are generalisable. The problem liesin properly
organising the data in the first place, but before discuss-
ingthatwe must continue the explanation of theanalysis
method. A good understanding of this is imperative in
order to write useful programs.

So far, we have not ta%(en the frequency dependent
component of impedance — reactance — intoaccount.
Capacitive reactance is calculated as 1/27fC and induc-

~ tive reactance as 27fL. Toincorporate these elements of

impedance, we could produce a nodal admittance mat-
rix for a range of frequencies sufficient to give an
accurate picture of circuit behaviour. This is easy to pro-

ram and memory-efficient but the calculations
involved take a long time. An alternative technique,
which is quicker but memory-inefficient, is to set up a
capacitive and an inductive matrix using2wCand 1/2nL
as respective admittance figures. At any given fre-
quency, actual admittance is derived by multiplying
each matrix (that is, each element of each matrix) by the
frequency and adding the two matrices. The result is a
generalised indefinite nodal admittance matrix for the
purely reactive aspects of the circuit. Mathematically,
this is a matrix ofimaginary numbers. The corresponding
real matrix represents the resistive characteristics of
the circuit. '

Node Trouble

A circuitwithanynumberof nodes mayberepresen-
ted by an indefinite nodal admittance matrix. Tﬁe next
stage in'the analysis is to convert this indefinite matrix
into a definite one. This is done simply by assuming one
node to be at the same voltage as the reference node —
in effect, b¥ defining one node as ground, the refer-
ence point for all other nodes.

In the matrix representation, this simply involves
removing the row and column corresponding to the
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voltage we are setting to zero. In the basic example
above, we might assume V; to be zero with the result
that the matrix would now look like this:

I1 (Y1 2+Y1 3) —Y1 2

I, —Yi2 (Y1 2+Y23)
Fig. 4 [Input-output conditions.

Vi
\Z

Note that rows and columns no longer sum to zero,

butthatthe definite nodal admittance matrixcouldhave .

been obtained from the indefinite matrix in which rows
and columnsdidsumto zerobyapplying simple rowand
column additions. The process effectively demonstrates
Kirchoff's laws, and results in a matrix — in the general
case - which can easily be further reduced.
Therankordertwo matrixshownin Fig.4 canbeinter-
pretedasa statementof of theinput-output characteristics
of the network. |, and |, are the input and output
currents, previously ignored by assuming only internal
currents and voltages. This type of matrix is, in general,
whatweareaftersince itexpressesthe equivalentcircuit
" parameters of the original network.

The two port equivalent of more complicated net-
works| can be derived by reducing the appropriate
definite nodaladmittance matrix. The ﬁrocess should be
well-known to anyone familiar with the techniques for
solving linear equations, and for further mathematical
details readers are referred to any comprehensive text
on matrices and/or linear equations.

The actual reduction method used here combines
Gaussian row reduction with an application of what is
known as Cramer's rule. Also involved — notionally, at
least— are Kirchoff's laws which allow us the simplifying
assumption that the sum of currents in all nodes of a
closed circuit will be zero. This means that we can select
inﬁut and output nodes as appropriate and set every
othercurrent value to zero. It helps with the manipula-
tionsif we make theinputand outputnodes1and 2 right
from the start.

Let's assume we have a five node circuit which pro-
vides a definite admittance matrix of the order4 x4 with
elements Yj. Thus:

i ‘{“.\G.

Cramer's rule allows us to determine a value for V,and
thereby remove it from the system of equations. The
new system of equations is described by: : ’

[iYaarbeYia = YiYau-Yig Yy Ve

Since ‘I4 is zero this can be simplified. In general, if we are
remoyving V, from the systemallwe have todo is replace
each element of the definite nodal admittance matrix,
Vi, by

i Y/ Yide

and then remove the k-th row and column. Assuming that
nodes 1 and 2 have been chosen as input and output
nodes, we can repeat this replacement in descending
orderpof nodes until we have a simple 2 x 2 matrix which
is thetwo port admittance matrix we are looking for.

In general, any circuit will contain reactive and resis-
tive eﬂements. Indeed, any real component will be both
reactive and resistive to a degree — a capacitor has its
equivalent series resistance, a wirewound resistor will
clearly be inductive, even-a Ien%h of wire will display
some|capacitance. Readers may be interested in pursu-
ing this matter by reference to the series of articles by
John Linsley Hood which appeared in ETl in 1985.

An actual program for nodal analysis will allow the
addition of asmall capacitance of about 1-2pFin parallel
with each resistor. This canbe done byaddinganotional
capacitor to the reactive matrixin the same positionas the
resistor since we are using admittances. A resistance of
about 1-10R might also be included in series with every
inductor. The listings provided are not complete pro-
grams and are intended to be incorporated into pro-
grams written by readers.

Routine Treatment

Listing 1 is a routine to perform basic complex
arithmetic. Complex arithmetic utilises so-called ‘j-
notation’ (at least, it does if you're nota mathematician,
for whom j-notation becomes i-notation). The central
idea is that the phase changes in AC signals introduced
by reactive components can be represented by use of
the square root of -1. This number is purely imaginary
and can only be combined with real numbers to form so-
called complex numbers. A complex number is actually
no more than a two-dimensional number in which the
real part can be thought of asindicatinga positionalonga
single horizontal axis at the centre of which we conven-
tionally described as magnitude (or amplitude) and
of as indicating a similar position along a single vertical
axis. In this way, any position on a plane can be
associated with a unique complex number of the form
a+jb. The co-ordinates of the position on the plane are,
of course, a and b. Fundamental AC signals can also be
represented as two-dimensional quantities — conven-
tionally described as magnitude (or amplitude) and

phase. These two are actually equivalent to polar co- -

ordinates rather than cartesian ones, but the principle is
the same. ;
The square root of -1 itself can be thought of as a
single unitalongthe positive direction of the vertical axis
of our plane. A single unit in the opposite direction
would be -j. These two, j and -j, represent 90° phase dif-
ferences with respect to quantities in the horizonal
direction. Purely reactive components produce such
phase changes so that , for example, the AC current
through a capacitor reaches its maximum before the
voltage across it. With a resistor, voltage and current
change simultaneous(lgl — or in phase. With the
capacitor, current leads voltage by 90° and with an
inductor, currents lags behind voltage by 90°.

1660 DEF FROCcomplex (a,b,c,d,type)
11¢. LOCAL outa, outb, outc, outd
120 LOCAL denom

130 IF type > 2 THEN GOTO 23¢ ELSE GOTO 149
140 IF type = 1 THEN GOTO 15¢ ELSE GOTO 19¢
1SOREM ###% addition *¥%%

160 outreal = a + ¢

170 outimag = b + d

180 ENDPROC

190REM *%%% subtraction *##%
200 outreal = a - c

21@ outimag = b ~ d
220ENDFROC
236 outa
246 outb
250 outc
260 outd =
27¢ IF type = 3 THEN GOTO 286 ELSE GOTOD 320

nonH

a *
b *
b %*
a *

anan

280REM #*#%% multiplication ¥

290 outreal = outa - outb

300 outimag = outc + outd

31e@ ENDPROC

J2OREM ###% division #*%&x

330 denom = c”2 + d*2

340 outreal = ( outa + outb )/denom
350 outimag = ( outc - outd )/denom
360 ENDFROC

Listing 1 Complex arithmetic.

We need to take account of these phase changes in
determining the impedance of a network. Impedance is
usuall?l given as a single figure in ohms, but in factitis a
complex quantity whose real part represents pure resis-

tance and whose imaginary part represents pure reac-
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tance. Only the latter is associated with phase changes
‘and only the latter varies with signal frequency.

Very often we will need to combine two complex
‘quantities, expressing impedance or admittance. The
rules for handling such combinations follow_from the
§raphical representation of them (or, indeed, from the
act that j2=—1). If Z=a+jb and W=c+jd, then:

Z+W=(a+)+j(b+d)

Z—W=(a—c)+j(b—d)

ZxW=(ac—bd)+j(bd+ac)

Z/W=(ac+bd)/(c?+d? + j(bc—ad)/(c*+d?)

-and the magnitude and phase of Z are, respectively,
v/(a?+b?) and arctan (b/a). Magnitude and phase are
.dealt with in Listing 2.

166 DEF FROCphasemod(a,b)

11¢ LOCAL moda, phasea

120 moda = ( a™2 + b2 )

1 130 phasea = b/a

1 140 modZ = SER( moda )

150 phaseZrad = ATN( phasea )
166 phaseZdeg = DEG( phaselrad )
1760 ENDFROC

| Listing2 Complex phase and magnitude routines

Listings 3 and 4 are routines to handle the reduction of
‘matrices. Matrices are, in effect, equivalents to arrays.
‘The matrix element A; can be identified with the array
‘element in a BASIC program A(i,j). Matrix manipulation
is therefore relatively easy in BASIC. Listing 4 operates
‘about twice as fast as Listing 3, but it is not structured.
Both routines operate on the complete definite
‘nodal admittance matrix of a circuit. That is, the irH)ut
“matrix is assumed to.have complex elements and to
‘have already had the ‘ground node’ taken into account.
‘In fact, rather than have one matrix with complex ele-
‘ments, the routines use two matrices — Yreal(i,j) and
'Yimag(i,j). The routines need to know how many nodes
the matrices have (the variable is‘'nodes’ and each mat-
rixwillbe of order' nodes’ x'nodes’). Matrix elementsare
heldinthe relevantarray elements and Listing 3, at least,

- calls the procedure PROCcomplex from the routine in

Listing 1. The result of the ‘condensation’. process is
placed in a reduced matrix with elements Yreal (or
Yimag) (1,1), (1,2), (2,1) and (2,2).

1000 DEF PROCpivot (nodes)

1410 FOR K%=nodes TO I STEP-1

1026 FOR I%=1 TO K%-1

1030 FOR J%=1 TO K%Z-1

1640 FROCnew (1%,Jd%,K%)

1656 NEXTJ%

1060 NEXTI%

1670 NEXTKZ

1680 ENDFROC

1100

1116:

112a:

113¢ DEF PROCnew (1%,J%,K%)

1140 FROCcomplesx (Yreal (1%,K%),Yimag (1%, K%,
Yreal (K%,J%) ,Yimag (K%, J%),3)

1150 FROCcomplex (outreal, outimag, Yreal (K%,K4),
Yimag(KZ,K%4) 4 4)

1166 FROCcomplex (Yreal (I1%,d%),Yimag (1%, J%),
outreal,outimag, 2)

1170 Yreal (I%,J%)=outreal

1184 Yimag (I%,J%) =cutimag

1190 ENDFROC

Listing3 Matrix reduction routine.

100 DEF PROCpivotcondense (nodes)
110 FOR 1%=nodes TO 3 STEF -1
120 FOR J%=1 TO 1%-1
13é FOR k%=1 TO I%-1
146 pivota = Yreal (1%,1%)"2+Yimag(I%,I%) "2
150 pivotb =Yreal (J%,1%)*Yreal (I1%,K%L)
~Yimag (J%, I%) #Yimag (1%, K%)
160 pivotc = Yreal {I%Z,KZ)*Yimag(JZ, I%)
+Yimag (1%,K%) #Yreal (J%, 1%)
1760 Yreal (J%,K%) = Yreal (J%,K%Z)—(pivoth
* Yreal (1%, I%)+pivotc * Yimag(I%,I1%))/pivota
180 Yimag (J%,K%) = Yimag(J%,K%)~(pivotc
* Yreal (1%,1%) — pivotb * Yimag(Il%,I%))/pivota
196 NEXT KZ%Z:NEXT JZ:NEXT I%
200 ENDFROC

Listing4 Fast matrix reduction routine.

~ETIJULY 1986

Listing 5 ~ calculate results

100 DEF PROCresults

110 PRDC:Dmplex(Yareal(1,1),Yaimag(1,1),
Yareal (2,2),Yaimag(2,2),3)

120 Dreal=outreal:Dimag=outimag

130 PROCcomplex (Yareal (1,2),Yaimag(1,2),
Yargal(2,1),Yaimag(2,l),3)

140 PRDC:nmplex(Dreal,Dimag,outreal,
outimag, 2)

15¢ Dyreal=outreal : Dyimag=outimag

160OREM *%%%%% input impedance *%kkkx

170 PROCcomplex (Yareal (2,2),Yaimag(2,2),
YbLreal,YLimag, 1)

180 Areal=ocutreal :Aimag=outimag

190 PRDC:nmplex(Yareal(1,1),Yaimag(l,l),
YLreal,YLimag,3) ’

200 Breal=outreal :Bimag=outimag

210 PRDC:Dmplex(Dyreal,Dyimag,Breal,
Bimag, 1)

220 Creal=outreal :Cimag=outimag

230 FROCcomplex (Areal,Aimag,Creal,
Cimag, 4)

240 Zinreal=outreal:Zinimag=outimag

250REM *xxx%% output impedance *kxxkx

260 PROCcomples (Yareal (1,1),Yaimag(1,1),
YSreal, YSimag, 1)

270 Areal=outreal: Aimag=outimag B

280 FROCcomplex (Yareal (2,2),Yaimag(2,2),
YSreal ,YSimag,3)

285 FROCcomplex (Dyreal,Dyimag,outreal,
outimag,1)

290 FROCcomplex (Areal,Aimag,outreal,
outimag, 4)

300 Zoutreal=outreal:Zoutimag=outimag

316REM #*#%%xx% voltage gain *xxx¥%

320 FROCcomplesx (Yareal (2,2),Yaimag (2,2),
YLreal, YLimag, 1)

330 FROCcomplex (-1#Yareal (2,1),
-1#Yaimag(2,1),outreal,outimag,4)

340 Avreal=outreal:Avimag=outimag

BEOREM *xx%%% current gain *Exxxx

360 FROCcomplex (Yareal (2,1),Yaimag (2,1),
YLreal,YLimag,3)

370 Areal=outreal:Aimag=outimag

386 FROCcomplex (Yareal (1,1),Yaimag(1,1),
YLreal,YLimag,3)

400 PROCcomplex (Dyreal ,Dyimag,outreal,
outimag, 1) - .

405 PROCcomplex (Areal ,Aimag,outreal,
outimag,4)

410 Aireal=outreal:Aiimag=outimag

420 ENDPROC

Listing 5 Impedance and gain calculations.

Listing 5 makes use of PROCcomplex to calculate
input and output impedances and voltage and current
gain of the circuit under examination. The routine
requires two arrays — Yareal (2,2) and Yaimag (2,2) —
which contain the two port admittance parameters of
the circuit derived in- Listings 3 and 4. The output
impedance is given by‘Zoutreal’ and ‘Zoutimag’ which
give the resistive and reactive parts. Inputimpedance is
given by‘Zinreal’ and‘Zinimag'. Voltage %ain is given by
‘Avreal’ and ‘Avimag’ and current gain by ‘Aireal’ and
‘Aiimag’. Magnitudes and phases can, of course, be
found by further manipulating these results with the
routine in Listing 2.

valt) [A\ A v,it)
l/

PROPORTIONALITY

A V4(t) + Valt}

A V4it) + A Vylt)
O

SUPERPOSITION

Fig. 5 Superposition and proportionality define linearity.

Next month we will look at equivalent circuits for
active components including bipolar transistors, ideal
transformers, transmission lines, op-amps and FETs.
Following fromthat, we’lllook at methods of writingyour
own programs and coping with the lack of memory of
most home micros — a discussion which will cover such

topics as editors, data files and program overlay. ETI
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JOBS FORA
HANGE?

Exchange Resources is an employment agency for people in
‘electronics and computing. It was launched at the British
Electronics Week exhibition by the group Electronics for Peace.

Tony Wilson, their coordinator, explains how the agency came
into existence and what makes it different from existing

employment agencies.

ince Electronics for Peace was founded in 1982,
S people have been writing in and asking for

advice on how to avoid working on military
equipment. Many have sent their CVs in the hope that
we might find them suitable work. Similarly, response
to articles in ETI and other media has demonstrated
that there are many people already working in or
about to enter the electronics and computing indus-
tries who are concerned about the effects their work
might have on other people, but who find it very dif-
ficult to|obtain suitable work without military or other
undesirable content. This is particularly obvious when
| visit universities, polytechnics and sixth forms.,

The picture is no better on the company side of
the fenge. One company | know has twice developed
high tech servo mechanisms for the entertainments
industry only to have the MoD take over. Rather than
work with the MoD, this company gave their patented
rights away. In another case, artificial limb develop-
ment was delayed for years through lack of funds until
the all-powerful MoD took an interest. ,

One|of the effects of this is that people become
alienated from their work and end up cynical, ineffi-
cient and dissatisfied. Companies find it hard to get
venture| capital for commercial products, and cannot
patent anything without the very serious risk that the
MoD will intervene “in the national interest”.

I'm not arguing for no defence. | believe that this
countg' needs a strong and effective defence —
indeed, || work as a consultant to defence companies.
| believe | have the right to work in the defence indus-
try and to criticise and try to change it. Our industry is
rapidly going down the pan because of the enormous
amounts of government money devoted to military
research and development. It is well known that
military investment is the least productive in terms of
jobs, sales and growth, yet the trend continues and
our imports increase as our exports decrease.

We don’t need so much defence. If we spent one
tenth as much as we do, not only would it be more
effective than the shambles we have now (useless
Nimrod, unuseable Trident, fiasco Falklands, et al),
but there would be an extra £17,000,000,000 per year
in R & D money alone to boost our education, indus-

try and other essentials. That is the only way this coun-
try can be strong —not through military posturing but
by real economic and social strength.

One of the aims of the new agency is to raise
awareness in our industry of these issues. In my work

in the defence industry | see people afraid to discuss

the issues openly, not only at work but outside too. |
want to see people talking openly to decide what kind
of future we all want. Government needs a lead from
us.

In Good Company

Exchange Resources already has a large number of
companies willing to use our services. We are now busy
talking to them so that they can be classified on our
database according to the type of work they have and
their empIoYment policies. Peogle who approach us
for work will be asked to describe the sorts of things
they are not prepared to do as well as what they hope
to do. We will then try to match people with com-
panies. There are some existing agencies who are pre-
pared to work with us in helping to place people, and
this is going to be extremely useful in our early days
when resources will be stretched. It should mean that
we will be at least as effective as the average agency,
and perhaps more so. For those who want it, there is a
counselling service to help clarify issues and develop
confidence in taking decisions (it is not an advice
service, although advice will be available).

Existing agencies charge from 10 to 20% of the first
year's salary for anyone they place — this can range
from less than £1,000 to over £10,000 and would
typically be around £2,000. Exchange Resources in its
first year of operation will charge only a registration
fee of from £50 to £2,000 depending on the size of
company and the type and quantity of staff required.
So, if.we place just one person with a company, they
pay no more in registration fees than they would
otherwise pay, and after that they effectively get any
other staff placements free.

There are several sood reasons for us doing this.
Firstly, we don’t need to advertise in the same costly
way as do the other agencies. There are magazines
and newspapers which are willing to give us editorial
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-will take a (moderate¥

"space and once people know we exist they will con-

tact us. Secondly, we regard current fees as extor-
tionate and a burden on British industry. We also want
to make it cost effective for people to care about their
work and its effects on the world. And thirdly, we're
not zet sure of the market, how easy it is to become
established, and our effects on it. During this first year
of operation, we will be appraising all aspects of our
business so that we can set more appropriate rates in

~our second year. In this we will be aided by a post

graduate research worker

Finally, | should mention that the agency is inten-
ded to be in profit in its second year and that all pro-
fits generatecs)will go towards furthering the aims of
Electronics for Peace and the agency.

In addition to finding staff and positions for client
companies and individuals, Electronics for Peace is
also trying to find people to run several of its own
projects.

The first project is the design and development of
a three-waveband (SW/MW/FM) radio that can be

' assembled and maintained

whose thesis will be based
on us. He will be closely
involved from the begin-
ning and will give us
regular feedback on our
activities.

People who normally
work as sub-contractors
will receive the usual
agency service — they
will work via their limited
companies and the agenc

slice off the top of their
earnings. In addition —
ad this is surely unique —
we will offer the
alternative of working
directly for the client,
with the agency taking a
once and for all fee.
There are pros and cons
involved for both con-
tractor and client, and
these will be spelled out
before any agreement is
reached.

Of prime importance
to the smaller client com-
panies, co-operatives and
sole trader partnerships is-
our business-to-business
service. Any organisation
or individual - registered

with us, provided they Coming up againstthe military machine?

have paid their annual

in Eritrea using the
resources available locally.
There is a pressing need
for each village to have its
own radio for news and
education. The design
arrived at must be battery
operated with very low
power consumption or
use a combination of
rechargeable batteries
and solar power. Provi-
sion for an add-on tape
module would be useful.
The case should be made
from PVC and will be pro-
duced in Eritrea using a
forming tool which will
also have to be designed.
Those producin§ the
radio design will also
have to provide full
instructions on assembly
and test and on main-
tenance once in use.

If anyone feels they
have _skills which would
be of use on this project
and have time available
to work on it, they should
contact the agency at the
address given below. It is
hoped that at least one
person will be able to go
to Eritrea when the pro-
ject is complete to see

fee, will be able to contact us (telephone, telex, elec-
tronic mail or facsimile) for assistance in finding a
business service. For example, a small software house
might need a specific programming skill for a short
job, or an electronics company might need inspection
and rectification on a large number of PCBs
immediately. We will search our database, contact
likely peop?le and put them in touch — very quickly.
There might be a small fee for this, say £5 to £20,
depending on the amount of time used and the
urgency. This service will be developed into a major
way of working for us and our clients — thus buildin
up working relationships between companies an
people who share a concern for the way they work
and, of course, helping to keep costs down. Very soon
this service will be extended to include help with
starting new ventures.

There are a number of independent consultants in
organisational and personal change associated with
the agency, throughout the country. They will work
with us to improve efficiency in those client com-
panies who reqire help, and to help staff clarify ethical
and inter-personal issues for themselves.
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the radios being assembled and used.

The second project is the formation of a full-time
monitoring team to build up a database on non-
ionizing radiation emissions in the UK and their
effects on people. EfP hope to assemble the core of a
team and then raise funding for the work. It is inten-
ded that the monitoring should start as soon as possi-
ble and preferably witEin six months. Again, anyone
::t;arested should contact the agency at the address

elow. ‘

Electronics for Peace would also be interested to
hear from anyone who has an idea for a project which
uses technology in a socially beneficial way.

Tony Wilson and Exchange Resources can be contac-
ted at Townsend House, Green Lane, Marshfield, Nr.
Chippenham, Wiltshire SN14 8BR, tel 0225 - 891710.

Discussions have taken place between ETI and Exchange
Resources with a view to our publishing a short, regulgar
feature on jobs available through the agency. We would
be interested to hear your views on this proposal. ETI
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IRECT-ION

Paul Chappell reveals how you can be a magnet for ions and,

any claims have been
made for the benefits of
air ionization. Supposedly,
it can cure hay fever and
bronchitis, and speed up the
healing of burns. lonization is said
to improve concentration, reduce
susceptibility to colds and flu and
turn insomniacs into deep
sleepers. Some of the effects are
genuine and well documented;
others should probably be taken
with a middling to large pinch of
salt. ’ ~

Air ionization is a natural
process, and both positively and
negatively charged oxygen
molecules are abundant in areas
far removed from the main centres
of population. Mountain tops are
the romantic locations used as an
example by the health magazines,
but similar concentrations can be
found in the middle of Dartmoor
— or the Sahara desert, for that
matter.

-The Jack of ions in man-made
surroundings is easily measurable
— it is often found to be less than
the natural concentration by a
factor of 100 or more. This
depletion of oxygen ions is
associated with pollution, modern
buildings and the use of synthetic
fabrics and furnishing materials. It
has been blamed for everything
from listlessness, depression and
absenteeism to violence and
murder] (See The lon Effect by F.
Soyka for the gruesome details).

Restoring The Balance

Experiments in restoring the
natural ion balance have led to the
conclusion that negative ions are
the essential ‘vitamins of the air’.
itive ions in high concentration
initial stimulating effect
which is followed, after a few
hours, by fatigue and possibly
headaches. Negative ions have

30

been found to give more profoundv

benefits without any side effects,
'so air ionizers aim to produce
these.
~ The method used is to apply a
high negative voltage, severaFkV in
fact, to a sharply pointed emitter.
The negatively charged air is
repelled from the emitter resulting
in an ‘ion breeze’ you will feel if
you put your hand close to the
ionizing point.

There have been several
published designs for air ionizers .
over the past few years, but we

The DIRECT-iO

make no apologies for offering
another. :

Previous circuits have, almost
without exception, been split into
three stages. First of all, the main
voltage is reduced to 12V or so,
then rectified and smoothed. Next
there is an oscillator driving a

- transformer to step the voltage

back up to a few hundred volts
again. Finally, there will be a
ladder of rectifiers and capacitors
to step the voltage up to a few kV.
The justification for this ‘
cumbersome process appears to
be little more than the reduction
in size of the ladder capacitors,

a welter of puns, produces possibly the smaIIeSt ionizer

achieved by running the oscillator
at a fairly high frequency.

In the present design, the
ladder runs directly from the
mains. This cuts out the first two
stages of the usual ionizer circuit.
Larger capacitors are needed —
10nF as opposed to 100pk or so —
but they are not much bigger in
physical size. As the circuit uses no
active components at all, it is
almost certain to work first time,
testing is easy, and the final circuit
can be run continuously for years
without problems. .

Rectifiers

Another advantage of running
the circuit at 50Hz instead of
50kHz or so is that 1N4007
rectifiers can be used. Ordinary
rectifiers are not too keen to work
at high frequencies, the main
reason being their painfully slow
reverse recovery time, which
begins to degrade circuit
performance at frequencies as low
as 2kHz in the case of a 1N4007.
Readers may be interested in the
results of applying a sine wave of
increasing frequency to the circuit
shown in Fig. 1.
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PROJECT: lonizer

At low frequencies, the output
is a half-wave rectified sine wave,
as you would expect.

At 2kHz, a small reverse
conduction spike is already visible,
and by 10kHz conduction does
.not stop until the input is at about
-1.8V. From then on, the situation
gets progressively worse, By
TMHz, whatever the 1TN4007 is
doing, it certainly isn't rectifying!

Construction

The 1N4007 rectifiers are
mounted vertically on the board in
the four central rows of holes and

* the capacitors are mounted in the

outer rows as shown in the
component overlay (Fig. 2). Figure
3ais an end-on view of the board
with the first rectifier and
capacitor in each row shown. All
the rectifiers are mounted the
same way around.

When putting in the capacitors,
you will find it easier to put them
all in place at once and F?old them
with a rubber band while :
soldering, rather than trying to
solder them in one at a time. If any
capacitor seems a tight fit, just turn
it around — sometimes the leads
are not quite central.

(NOT TO SCALE}

7
50Hz \ \ /
\ \\ //
\\H// N7
+5V
/\ : (b)
2kHz \~ A\
+5V :
/\ A -
20kHz \/
~2.6V ‘

m/\
100kHz \/
-32v

+4.5V,

>

1MHz \/
-2v

1N4007
INPUT 47 OUTPUT

(f)

Fig. 1 The performance of the
rectifier diminishes with frequency.

Fig. 2 Component overlay for the ionizer.

15 x 10n
4 630V
, | CAPACITORS

15 x 1N4006
DIODES

15 x 1N4006
DIODES

15 x 10n
630V
CAPACITORS

After soldering in the resistors,
insulate about %2 of each lead of
the neon bulb. Solder the bulb in
place and, if you are using the
recommended case, bend the
leads so that it lies roughly parallel
to the board as shown in Fig. 3b. If
you are using a Iarﬁer case, you
may prefer to let the neon poke
through, or to use a complete
neon lamp assembly.:

Fig. 3 End views of components

on PCB.

Assembling The Case

Drill two holes in one end of
the case (fig. 4). If you are using
the recommended case, follow the
instructions with regard to
positioning. If you use a larger

A

15mm

tmm HOLE "~ -

SURROUND

1t (]
o L

HOLES FOR NEON AND
MAINS LEAD THIS END

HOLE HOLE

5/16" 0 7/32"0
14mm 8mm 14mm

A
Fig. 4 Drilling the T3 case.
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case, you can easily determine
your own hole positions.

To position the holes
accurately, you will find it easier to
drill a small hole first, then widen it
out with a larger drill to the correct
size. A small hole is also needed at
the top of the case, half way
between the two sides and 15mm
from the undrilled end (Fig. 4).
This hole can be made with a Tmm
drill if you have one, otherwise you
can hold a soldering iron to the
lead of one of the 2M7 resistors

~and use the hot wire to melt the

hole. The hole needn’t be
perfectly tidy as it can be covered
up later, but don'’t let the soldering
iron touch the case,

The hole is meant for the actual
emitter — a length of pointed wire.
You may, of course, use an emitter
of your own devising. As long as it
includes sharp points and is '
conductive, practically anything -
will do.

The neon cap is glued in place
over the left-hand hole of Fig. 4a. A
surround may be glued around the
Tmm hole in the top of the case to
obscure the emitter. Use quick

— PARTS LIST______

RESISTORS (%W, 5% unless stated)

R1 680k

R2 220k

R3-R7 2M7 bW

CAPACITORS .

C1-C30 10nF 630V
polyester

SEMICONDUCTORS

D1-D30 _1N4007

MISCELLANEOUS

Neon bulb and suitable cap; emitter
surround; length of mains lead; insulated
connecting wire; insulation; 10nF 100V
capacitor and neon bulb for tester;
(71x46x22mm); epoxy resin; mains plugs;
optional emitter (for example, PB22
phosphor bronze rifle cleaning brush
available from gunshops). : b

31




setting epoxy resin for all the
gluing operations.

Jointhe five 2M7 resistors
together by twisting the leads,
soldering and then trimming (Fig.
5a). Glue the resistor assembly to
the inside of the top of the case
with lead A protruding through the
1mm hole. This lead will form the
emitter, or it may be soldered to a
needle|or other suitable object —
for exar ple, a phosphor bronze
rifle cleaning brush makes an
attractive and efficient emitter.
Solder about 3” of insulated wire
to lead B, and trim the lead (Fig.
5b). Cover the resistor assemb
and exposed leads with epoxy for
insulation.

LEAD {A) THROUGH
HOLE IN CASE

pry

(a) (b)

‘ Fig. 5 The resistor assembly is
mounted in the case.

Final Assembly

First, check the board carefully.
Make sure that all the rectifiers are
the rig | t way around and all the
components are inthe correct
position. Check the track side of
the board for solder bridges, and
also for excess flux residue, which
could provide a leakage path —
clean it off if necessary. Solder the
free end of lead B — the wire
jointed to the 2M7 resistors — to
point X in Fig. 2.

Remove about 3" of the white
outer sheath of the mains cable
and about 3/16” of insulation from
the conductors and solder the live
(brown) wire to point L and the
neutral (blue) wire to point N on
the overlay. Be sure to get the '
mains |ead connections the right
way around, and don’t remove
more of the outer sheath than
is absolutely necessary.

There is no room for mounting
screws in the recommended case,
so the|PCB has been made for a
tight friction-fit into that case. First
of all, cut the corners of the PCB as
shown by the dotted lines on the
overlay. Feed the mains cable
through the right-hand hole (Fig.
4a) and gently ease the board into
the case with the component side
facing outwards. Push down on the
board|gently until it is held in
place by the pillars at each corner
of the|case. Adjust the position of
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the neon bulb so that it is behind
the neon cap, but don’t try to push
it through the hole. Screw the base
of the case in position, attach a
Flug with a 1A fuse to the mains
ead, and straighten the emitter
wire so that it points vertically
upwards. Using a pair of side
cutters with the flat face upwards,
cut a small amount of wire from
the end of the emitter. Using the
cutters ‘upside down’ should
leave the emitter wire with a sharp
point at the end.

A larger case would be easier, if
less elegant. The board can be
fixed in a larger case with three or
four blobs of epoxy, after testing.

Testing

A simple tester can be made
from a 10n capacitor and a neon
bulb (see Fig. 7). Plugin the
ionizer, and, if all is well, its own
neon lamp will glow and a few
seconds later you will hear a soft
hiss from the emitter. If you hold
one lead of the tester and move it
towards the tip of the emitter, the
neon bulb on the tester will begin
to flash when its free lead is about
1" from the emitter, and will flash
faster as it is brought closer. The
flashing is not very bright, so it
won'’t show up in direct sunlight.

If the ionizer's neon does not
light, unplug the unit at once and
touch the mains plug to the
emitter to remove any residual
charge on the capacitors. Check
the mains connections, plug fuse
and wiring of the 220k resistor and
neon lamp.

If the ionizer's neon glows, but
the emitter does not hiss and the
tester's neon does not flash, re-
trim the emitter wire and try to get
a sharper point on it. If there is no
sign of activity at the emitter at all,
check again for a solder bridge
between tracks, one of the diodes
back to front, a short circuit in one
of the capacitors, or a dry solder
joint.

Finishing Touches

After testing, discharge the
ionizer and remove the base. Take
out the PCB and spray a few coats
of anti-corona compound onto the
back. If you do not have any anti-
corona spray, a smear of epoxy
resin will do instead.

Place the board in its case.
Now is the time to glue itin
position. If you're using the
recommended case, press the PCB
down until the tops of the
capacitors are about 3/16” below
the rim of the case (Fig. 6). Run

3/16" APPROX

Fig. 6 The PCB inside the case.

some glue onto the corners of the
board and put some around the
mains lead where it enters the
case. For the sake of safety, the
mains lead must be held firmly in
place, so use a strain relief
grommet, too, if you have room.

If you've got plenty of epoxy,
fill the neon cap with it and cover
the neon bulb. This gives a
pleasant, diffused light when the
neon glows.

Now, screw the case together.
Fill the emitter surround with
epoxy (this is not essential, but it
improves the appearance) and
trim the emitter wire to about %"
above the top of the surround
gTaking sure to get a fine point on
it).

Life With The lons

Although some of the benefits
of air ionization may be
exaggerated, the action itself is
real enough. One consequence of
using an ionizer is that the ions
attach themselves to any dust, dirt
or pollen particles that happen to
be floating around. The dust then
becomes charged and will be
attracted to the nearest netural
surface, which by sod’s law will be
your expensive new wallpaper!

‘If you intend to run the ionizer
within a foot or so of a wall, cover
the wallpaper in some way.
otherwise, try to position the
ionizer towards the centre of the
room where anY charge dust will
end up on the floor and be swept
uF during normal household
cleaning.

The action of precipitating

articles from the air is of
immediate benefit to asthma and
hay fever sufferers, no matter how
beneficial the ions themselves
may be. If you live in the country
and think the air is pure and clean
anyway, just try running the ionizer
close to a sheet of white paper for
a few days! :

Improvements in health due to
ionization occur over several days,

rather than at the first breath of

ionized air, The best position for
an ionizer is by the bedside, where
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PROJECT: lonizer

HOW IT WORKS

The circuit is a standard Cockroft-Walton
ladder network which steps up the mains
voltage to —10kV or so (open-circuit
voltage) (Fig. 7). The operation of this
type of circuit was described in detail in
‘Designer’s Notebook 1’ in ETI, April
1983. The idea is that charge is trans-
ferred backwards and forwards from
one row of capacitors to the other on
each mains cycdle, but always moving
further up the chain because of the
action of the rectifiers. When all the
capacitors are fully charged, there will
be a voltage across each of them equal,
in theory, to the peak-to-peak voltage of
the mains.

In practice, the regulation of this type
of circuitis very poor, and the full voltage
will never be measured because of leak-
age, corona discharge, and so on. The
tiny ionizing current is quite enough to
drop the output voltage to about —<4kV,
which by a strange coincidence is the
ideal output voltage for an air ionizer.
Voltages above this level tend to pro-
duce ozone rather than ions, whereas
voltages much lower will not ionize the
air efficiently. Touching the emitter
directly is enough to reduce the voltage
to almost nothing.

Having said that, a word of warning is
in order. Although the circuit as a whole

N 1ONISING
C15 EMITTER

R3 R4 R5 R6 R7
C29 C30 , 2M7 2M7 2M7 2M7 2M7

has a very high output resistance, indivi-
dual capacitors don’t, so please take
care when you are testing the circuit.
The capacitors will retain their charge for
some time after the ionizer is unplugged,
and a painful shock can be received
from the back of the PCB if you are care-
less. The shock will be harmless to the
average healthy ETI reader, but please
don’t take any risks if you have a weak

- heart or a pacemaker. Theionizer canbe
discharged by touching the mains plug
to the ionizing point for a few seconds,
and just to be certain you can run the
mains plug down the line of diode con-
nections on the PCB.

10n =

Fig. 7 Abbreviated circuit of ionizer
and a simple tester.

}you will breathe in the ions for

eight hours or so at a time. This
design is easily portable and you
can move the device into the
living room, or take it to work with
you during the day.

By the time you are bouncing
with health and energy, you'll
probably be wondering what else
you can do with an ionizer. Here
are a few suggestions.

lon ImPlants

Connect a length of wire from
the ionizer emitter to the soil in
the pot of a houseplant — one
with sharp pointy leaves is best.
Stand the plant pot on an
insulating mat or polythene bag.
The plant is now the emitter. If you
‘hold a finger close to one of the

leaves, it will be drawn towards
you. In the dark you may be able
to see a faint blue glow around the
leaf tips — this works better with
some plants than with others, so
try several different types. The
plants don’t mind at all, by the
way, and often seem to thrive on
it!

S

Got My lon You

Carefully remove about 6” of
insulation from some stranded
wire, being careful not to break
any of the strands. You will
probably find it easier to remove
the insulation in short lengths
rather than all at once, Cut the
wire 1” below the end of the
insulation so that you are left with

BUYLINES

7" of wire — 6" bare and 1”

This project is simple enough to cause
few problems to the constructorwishing
to do everythingthemselves. The biggest
problem is undoubtedly the 10n 630V
capacitors which are intended to be
Plessey/Arcotronics Minibox polyester
types. These are probably unobtainable
for the constructor but can be replaced,
especially if you do not intend to use the
existing PCB. Suitable replacements
include 10n 600V polyesters from
Greenweld, 443 Millbrook Road,
Southampton SO1 OHX (tel: 0703
772501/783740) and almost physically
identical metallised polycarbs from RS
Components available through Crewe-
Allen, Scrutton Street, London EC1. The
order code for the 10n 630V version
(supplied in packs of five) is 113-673. A
variety of axial capacitors are available
which could be used, but for reference
the dimensions of the recommended
capacitors are 13x9x4mm (LxHxW) with

pin diameter of 0.8mm, spacing of 10mm
and length of 6mm. The key point to
remember if using a replacement is to
ensure that discharge cannot occur
between capacitors. The recommended
case is available from Greenweld — or
from Farnell, through Trilogic, 29 Holm
Lane, Bradford BD4 0QA (tel: 0274
684289). The.Verobox 301 is slightly
larger and is widely available as are any
number of ABS boxes capable of holding
the circuit. The box must be made entirely
of plastic (with the exception of thefixing
screws). Neon bulbs are stocked by
Maplin and complete neon indicators
are widely available. A complete kit of
parts can be obtained from Specialist
Semiconductors, Founders House, Red-
brook, Monmouth, Gwent for £9.50+60p
postage and packing. The PCB alone will
become available from our PCB service
as soon as normal service is resumed.
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insulated. Use this as the emitter.

When the ionizer is turned on,
the emitter seems almost alive and
will leap about when you put your
hand close to it.

lon Brew

Fill a glass jar with cigarette
smoke, t%\en carefully invert it over
the ionizer so that the emitter is
inside the jar. Within.seconds,
the smoke will disappear! This is
one of the best demonstrations of
ionizer action and with a large jar
the effect is quite dramatic. The
smoke hasn't disapEeared, of
course, it is still sticking to the jar
— but the air inside the jar is
perfectly clear.

lon A Feeling

Wear rubber soled shoes.
Touch the ionizer emitter for a few
seconds until your body is
thoroughly charged up. When your
hair stands on end, that's just
about enough. Then give everyone
you meet a jolly electric
handshake. Just think, you could
lose all your friends in a single
evening! (A meaner trick still is to
charge up a glass of water or a pint
of beer... Even your family won't
speak to you after that!)

Electrostatics Experiments

The ionizer can be used as an
EHT generator for electrostatics
experiments. To generate a
positive voltage rather than a
negative one, just reverse all the
rectifiers.
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AOTOR
NTERFACE

This simple circuit and software, developed by Peter Timothy

and
robotics.
T his interface was developed

with the help of the

Microelectronics Education
Programme, Wales, and provides a
means of controlling up to four
low-voltage DC motors from a
Centronics-type printer port. The
motor supply is variable between
one and ten volts, so the interface
may be used with most common

pes of model motors, including

those made by Lego,
FischerTechnik and Robotix.

The interface is fitted with
connections for the BBC
microcamputer range and can be
powered from any suitable 12V
supply, including the BBC micro’s
auxiliary output. Although
software for the BBC is included in
this article, it would be an easy
matter to adapt the programs so
that the interface could run off any
computer with an 8-bit data
output. Using a printer port would
allow handshaking to be
incorporated as an elementary
form of simple feedback.

Wwe'll get down to building the
interface without further ado.

Construction

It is best to start by
constructing the motor connector
. and cable, since this requires the

use of potting compound. It can
be set aside to harden while the
rest of the circuit is being
completed. The method of
construction is shown in Fi% 1. The
leads from the base of the PCB-
type screw terminals pass through
holes drilled in the potting box
and will be firmly anchored by the
potting compound once it sets.

The comﬂleted assembly is
small enough to mount on almost
any model or robot. At least one
metre of ribbon cable should be
used since this will allow the cable
to stretch from the interface box,
normally situated alongside the
computer on a bench or table,
down to floor level. The screw
terminals provide an easy method
of connecting up mest types of
motor and they will accept
unmodified Robotix motor lead
plugs. The PCB end of the cable:
will eventually be soldered into
eight holes (labelled A to H) on
the circuit board.

The printer port cable assembly
is constructed as shown in Fig. 2
Only nine of the 20 wires are
actually used, but the fitting of the

.IDC socket is made easier by

leaving all the 20 wires intact at
that end. The other end of the
cable must be dressed as shown.
This end will eventually be

soldered into nine holes (labelled
DO to D7 and GROUND) on the
circuit board. '

If the power for the interface is
to be obtained from the auxiliary
socket of the BBC micro (the one
used for disc drives), then the
leads and connectors, shown in
Fig. 3, must be made up. This
allows the interface to obtain 12V

onathan Rabet provides a painless but versatile first step in

from the computer without
disconnecting other devices. If the
interface is to be powered from
any other supply, it should be
capable of delivering at least 2V
more than the motor voltage at
about 1A DC.

The main circuit components
are mounted on a single-sided

rinted circuit board (Fig. 4).

older the 11 wire links into
position on the compound side of
the board. Next insert the IC
sockets (if you are using them),
making sure that all the pins pass
through the holes in the board.
Insert the diode, D1, and
‘capacitors C3, C4 and C5, making
sure that each is the right way
round. Solder these components
in place.

Insert and solder resistor R1
and capacitors C1 and C2. Next
insert and solder the variable
resistor RV1, noting that the hole
nearest to R1 is for the centre pin.

Solder IC1 and 2 into position,

‘taking care that the flat, all metal

surfaces are nearest the top edge
of the PCB. Now insert and solder
the eight relays. These are all
identical and can only be fitted
one way round.

Solder the wires of the printer
port cable to the PCB, then the
motor connector wires and the

MOTOR3 MOTOR 4

MOTOR 2
IN VIEW OF
POTTING BOX

MOTOR 1

Fig. 1

MOTOR 2

MOTOR 1

otor connector and cable. /.,

PCB TYPE SCREW
TERMINALS -

MOTOR 4

MOTOR 3

POTTINC BOX
{FILL WITH POTTING COMPOUND)

S cable, -
o
& 006 \
PCB CONNECTIONS °3’5 D WIRES
X UNUSED WIR
¢ n 00\ CUTBACK

6 UNUSED PINS

26-WAY IDC SOCKET

THIS SIDE

IDENTIFIER

RED MARKER

d
20-WAY IDC RIBBON CABLE
e {LENGTH AS REQUIRED
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PROJECT

—a~

SOCKET HOUSING
ON BBC
(FRONT VIEW}

PIN HOUSING  SOCKET
(REAR VIEW) (REAR VIEW)

Fig. 3 Supplying power from the BBC.

power leads from the 2.1mm
socket.

Before inserting IC3 and 1C4
into their sockets, apply 12 volts
DC to the board and check that
the voltage regulators are working
correctly. IC1 may be checked by
measuring the voltage between
the links marked ‘X’ and ‘Y’ on Fig.
4. This should be 5V. IC2 may be
checked by measuring the voltage
between link ‘X’ and point‘Z’ on
the overlay. By adjusting RV1, this
voltage should be variable from
about 1.25V t0 9.75V. Now adjust
RV1 until the voltage matches the
rating of the motors to be used
with the interface. Once satisfied
with the operation of the voltage
regulators, remove the power and
insert IC3 and IC4 into their
sockets.

Software

The programs included here
have been written in BBC BASIC, a
dialect of BBC BASIC called MEP
CONTROL BASIC, BBC 6502
Assembler and Logotron LOGO.
They will enable the interface to
be used with almost any BBC
micro. The BBC BASIC program is
menu driven and allows motor
sequences to be recorded and
repeated (Listing 1). The three
programs in other languages are
simpler but can be incorporated
into more complex structures to
enable sophisticated control of up
to four motors.

In general, motor control is
achieved by writing to the printer

ort of the computer to which the
interface is attached. The idea of
using the printer port is to allow an
existing user port to provide digital
inputs — for example, in case an
elaborate robotics system is being
contemﬁlated. «

On the BBC, the eight lines of
the parallel printer port are written
to via location FE61H. Two bits are
needed for forward and reverse
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TO sK2K

V"

TO MOTORS

Fig. 4 Component overlay for the interface.

PARTS LIST

RESISTORS

R1 240R W
RV1 2k0 cermet
CAPACITORS

1 330n ceramic:
(o] 100n ceramic
C3,5 417 16V tant
c4 22,116V elect
SEMICONDUCTORS

IC1 7805

iC2 LM317MP
1C3 7486

1IC4 ULN2803A
D1 1N4001

.order*; 2.1mm panel-mounting power

MISCELLANEOUS

RLA1,2,3,4,5,6,7,8 microminiature
relays 5-6V coil, SPST 24V 1A con-
tacts; 26-way 1DC socket (BS9525)*; 6-
way Multicon plug and socket
housings and plug and socket pins to

socket; 2.1mm power plug; 4-way PCB
mounting screw terminal; small potting
box; 14-way and 18-way IC sockets;
20-way ribbon cable; 8-way ribbon
cable; potting compound; PCB.
(*Optional, for use with BBC and BBC-
type computers).

and are decoded as shown in Fig,
7. The more significant of the eight
bits repeat the Fig. 7 pattern for
motors 2, 3 and 4.

BBC Basic

On running the program
(Listing 1), the user is presented
with a menu consisting of three
options: PROGRAM, RUN or
MANUAL (lines 70 to 290).

Selecting the MANUAL option
results in direction to
PROCmanual. The screen displays
the message: MANUAL
CONTROL. The red function keys
are used to control up to four
motors connected to the interface,
each key switching one relay when
pressed and f9 returning program
control to the main menu. .

Using INKEY with a negative
argument (lines 790-870) tests
for specific key presses and allows
simultanteous control of more
than one motor.

If the PROGRAM option is
selected from the menu,
PROCprogram is jumped to. This:
also detects presees of the :
function keys and writes to FE61H
to drive the motors. This
procedure differs from

PROCmanual in that the length of
time a particular combination of
keys is pressed is stored in the
array, steptime%(X). The contents
of FE61H at that time are stored in
the array, step%(X).

Selecting RUN from the main
menu results in a jump to
PROCrunmenu. This procedure
‘puts up a secondary menu
allowing selection of one of two
run options or a return to the main
menu. Option one runs the
programmed sequence of
operations as they were entered
by the user — including any
pauses when FE61H was at zero
and no motor was on. The second
option filters out these ‘wait
states’, producing a smoother
execution of the pre-programmed
sequence. Both of these options
invoke PROCrun, which loops
through the array, step%(X), and
uses the associated variable,
steptime%(X), to provide a delay.
If the parameter passed to
PROCrun.is FALSE, all occurences
of step%(X)= are skipped over.

Control Basic

This is an example of a program’
written using a BBC Basic
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Fig. 5 Circuit diagram of the interface.

Two voltage regulators are used in the
interface (Fig. 5). IC1 takes the incom-
ing 12 volts and series regulates it
down to 5 volts. This fixed 5 volts is
then used to power the logic (1C3), the

_ relay driver (1C4) and the relay coils.
IC2 is another series regulator, but this
time it is a variable output device. Its
output is determined by the voltage
applied to the ADJUST Pin, this voltage
being derived from a potential divider,
formed by R1 and RV1, connected
across the output. The output voltage
is adjusted to suit the motors being
used. ‘All five capacitors -are for
decoupling. Diode D1 protects the
regulators should a reverse polarity -
supply be accidently connected to the
interface.

The computer generated signals to
control the motors are passed from the
computer to the interface via the prin-
ter port. Eight data lines (DO to D7) are
available at this port and, since each
motor used requires a two bit control
signal, a maximum of four motors can
be controlled simultaneously without
using multiplexing techniques. In com-
mon with a large number of industrial
motor control systems, bit 0 of the
signal determines if the motor is on or
off, while bit 1 determines the direc-
tion of rotation of the motor. The truth
table for this scheme is shown in Fig. 6.

The chosen method of implementing
the control scheme is shown, for one
motor, in Fig. 7 and its new truth table
is shown in Fig. 8.

I1C3 is a quad 2-input XOR-gate. 1C4
is an octal Darlington driver used to
energize the eight relay coils. This
device acts as a buffer between the
computer's data lines and the relay
coils. A buffer is required because each
coil takes approximately 40mA when
energized — enough to overload a data
line or an XOR output. .

The relays are ultra-miniature, single-
pole change-over, with contacts rated
at 24V, 1A DC. Most model electric
motors take much less than 1A even on
start-up under load.

IN ouT ' )
Ic2
R1
c3dt i 2om Ates
sKk1 4u7 == '+ == 4u7
= D1 SET MOTOR == C4 NOTES:
P e T o1 e,
( D1 = 1N4001
SK1=2.1mm CASSETTE POWER SOCKET
IC3 = 7485 .
A IN out L IC4 = ULN2803A
Ic1 4
c1 J. com c2 .[.
330n 100n
T T VARIABLE
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Fig|5 Standard motor control truth Fig. 8 Truth table for the interface.
table.
R e | || e
Cg"g&?} AMt%gﬁ BI; s m; : 0 0 0 ‘OFF
BITO | BIT1
o [ o | oFF I I - .
:’ ;’ Q 1 1 0 0 1 X
1 1 . 0 = DE-ENERGISED
1= ENERGISED
SUPPLY +VE SUPPLY
BITO
BIT1 o—:)D > ALa 1
| . l : ALe RLA RLB
7777 OV
EXCLUSIVEOR  HELAY  RELAYS  Fig. 7 Logic control for motor action.
extension (Listing 2). This address and occupies 42H bytes.
e.xtens,lon.allows programs to be Once assembled, it can be used
simply written which access the by POKEing the motor number (1,
Printer and user ports of the BBC 2, 3 or 4) into location 70H and
microcomputer. the motor action (0=off,
_The example program controls 1=forward, 2=back) into 71H,
a single motor using function keys then calling the driver at the
f0 and f1. The Control Basic address at which it was assembled
keyword, BIT, permits each bit of using CALL
,thg,P," intel{ port to be controlled The program as listed contains a
individualiy. BASI%routme to test the machine
. code driver. If this program is run,
504 chine Code Motor the assembled driver can be saved
iver to disc or tape with
The assembler program *SAVE DRIVER 3000+42
- g .
(Listi then load back with

code driver for the interface. It can
be assembled at any suitable
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n$ 3) will produce a machine

*LOAD DRIVER
and called with CALL&3000.

By specifying a hex address at
the end of the *LOAD command,
the driver can be reloaded to any
suitable location and run by a
CALL to that same address.

BUYLINES
SOFTWARE

MEP Control Basic is available from
MEP (South Yorkshire and Humber-
side), Exeter Road, Off Coventry
Grove, Doncaster DN2 4PY. Logotron
Logo is available from Logotron Ltd,,
Ryman House, 59 Markham Street,
London SW3 4WD.
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25. Please indicate what you thing of the following magazines.

Good Average Poor Don't know
Practical Electronics i O

Elektor Electronics

Everyday Electronics

Electronics & Wireless World

The Maplin Magazine

Electronics Digest

O0oooono
ooooo

oooooo
ooooono
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.

Please tick the appropriate box which represents the annual total of your net
income (i.e. after tax, National Insurance, etc.) :

Lessthan£4,780 0 From£4,780to£5,9700 From£5,980to0£7,470 0
From£7,480t0£9,340 0 From£9,350t0£11,680 0 Morethan£1 1,6900
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.

Are you aware of ETI’s scheduled publication day?
YO NO

28. Ifthe answer is yes to question 27, doyou attempt to purchase the magazine
on that day?
YO NO

29. Do you normally obtain your copy by:
Chance purchase

Newsagent home delivery
Newsagent shop collection
Subscription

Other

.

oooono

30. If you do not obtain your copy by subscription, is it due to one of the
following: ‘
Subscription too expensive?

Not every issue required?
Have subscribed previously, but lapsed?
Other

oooo

31. If you do not subscribe, from which type of newsagent do you most often
obtain your copy?

High Street shop -0 Estate shop O
Travel point O Corner shop o
32. Which if any of the following daily newspapers do you read? .
Daily Mail O  Daily Express O  Daily Mirror O
The Sun O Today 0O The Guardian O
The Times O  The Daily Telegraph- O  Financial Times O

33. Which if any of the following Sunday newspapers do you read? '
The Sunday Times [ The Sunday Telegraph[l  The Observer O
Mail on Sunday O  Sunday Mirror 0O  Sunday Express O
News ofthe World [0 The Sunday People O '

34. Do you read?
TV Times 0O Radio Times 0

It would be a great help to us if you would kindly answer the following ques-.
tions. The answers will enable us to obtain a more positive image of our
readership: ‘ ’

35. Age: .
Under.15 ] 15-24 O 25-34 ; m]
34-44 ]

65 +

O
I
i
o
&
a
w
&
o
X

36. MaritalStatus .........................
Children ............................. ...

37. Educational level:

No formal qualifications O School certificate 0

College or F.E. qualifications 0 Degree O
38. Are you in employment? yo NO,

(if no, please go straight to Q. 42) ’




39, Please indicate the type of work you do?

& Research & Technical support/

© Development O maintenance O Training/teaching O
=] Consultancy/PR O  Skilled manual O Semi-skilled manual O
i Clerical O Sales O Managerial

g .

[wesl

Other (please specify) ......oooveeereneneeeenes eenerainanaraerarans
40, 1s your work connected with electronics? ydoO NO

41. Are you responsible for the purchase or ordering of:

a) electronic test equipment or capital yo NO
b) electronic components or consumable items yO NO
If yes to either of the above, please indicate annual budget level:
Under £1000 : O £1000 - £9999 O
£10000 - £99999 O £100000 or more [}
_42. Are you registered unemployed? Yo NO
full time student? yo NO retired? yo NO
disabled? vy NO housewife/husband? YO NO
43. Are you studying (full or part-time?) NO
44. If yes, are you studying electronics or a related subject?
. ydO NO

45, If you could make one improvement to the magazine, what would it be?

....................................................................

....................................................................

(for purposes of the free subscription draw only).
Thank you for your time and help,
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ting 1 BBC Basic.

1OREM»#»x#BEC BASIC MOTOR CONTROL #3###%
200N ERROR GOTO 7@:REM RETURN TO MENU ON
CAFE
i@total number steps¥%=100
4@DIM steptimeZ(total number stepsi) ,step
Z(fotalﬂnumher_stepsZ)
S@OREM steptime’(X),step%(X) AND count’%Z Ak
£, GLOBAL
40
7OREFEAT
80
FOREM*# x> «D ISFLAY MAIN MENU®*%u%
' 1@00MODE 7
118FRINTTAE(16,2) "MAIN MENU"
120FRINTTAB (164,7T) "t wnnens
‘1SUPRINTTAB(16,IB)“1...PRDGRAM"
{ LABFRINTTAR(16,12)
T15@FRINTTAE(16,14)
160
17@REM#* ## #*ENTER MENU SELECTION®* %%%
18@INFUT TAE(16,22) "CHOICE s"'q%
19@1IF Q%<1 OR Q%3 GOTO 100
200
S1DREM* %% DISFLAY OFTION SELECTION®*%%x
Z2OREM#**#*AND BRANCH TO FROGRAMING**#%x
L ZIOREM® % 8% #MANUAL OR RUN MODE #% %3 % %% % % 2 %
240
2501F g%

ES

FROCprogram
FROCrunmeniu
FROCmanual

2P@UNTIL FALSE

3I@BEND

1@

]

OREM#* ## % FROCEDURES* # % %

CTAOREMA R 293331585 993969305
Ise 4
JI60
37@DEFFROCprogram
ZEOREM®# %% % %% %% %%
I90LOCAL a%Z,olda%
40001da%=0
41@count =1
4207 IME=0
43BCLS:PRINTTAB(15,1B)"PRBBRANHING"
'44Qa%=0
45@ IF INKEY(-3I3) AND NOT (INFEY-114) a%=a

% DR 1
460 IF INKEY(-114) AND NOT (INKEY-33) a%=a

% 0OR 3
470 IF INKEY(-115) AND NOT (INKEY~116) a%=

a%Z:0OrR 4
480 IF INKEY(-116) AND NOT C(INKEY-115) a%=

az:0rR 12
498 IF INKEY(-21) AND NOT (INKEY-117) a%=a

% OR 16
500 IF INKEY(-117) AND NOT (INEEY-21) a%=a

%Z DR 48
1@ IF INKEY(-118) AND NOT (INKEY-23) a%=a

% OR 64
520 IF INEEY (—

% OR 192 .
Si3@ IF INKEY (-120) ENDFROC:REM RETURN TO M

ENL} ON f9
S4QIF a%irolda% PUFE6L=a%: steptime¥ (count?

)=TIME:step’(count’)=olda%: olda%=a%: TIME=0: c

ountZ=count’%+1
550G0TO 440
560
570
HB@DEFPROCrun (a%)

STPOREMI 13233 3 3¢

GAOLOCAL. i%

6107%FE61=0

4Z0FO0R i%=1 TO count%Z

63IQIF stepZ(i%)=@ AND a%=FALSE GOTO &80
440TIME=0

bSOREFEAT

4OBPLFESL =step’ (i %)

H7QUNTIL TIME:=steptime%(i%)

£BONEXTi%Z

4907UFE61=0

7@RENDSROC

710

720

73@DEFFROCMmanual

TADREM#® % %3 %2 34 % %

75@LOCAL olda%,a%

76@01da%=0

77@CLS: FRINTTAE (13, 1@) "MANUAL CONTROL *
78@a%=0
79@ IF INKEY(-

) AND NOT (INKEY-114) a%=a

% OR 1

800 IF INKEY(-114) AND NOT (INKEY-33) aZ=a
% O0RrR 3

818 IF INKEY(-115) AND NOT (INKEY-116) a%=
az DR 4

820 IF INKEY(-116) AND NOT (INKEY-115) a%=
az% DR 12

838 IF INEEY(-21) AND NOT (INKEY-117) aZ=a
7 0% 16

84@ IF INKEY(-117) AND NOT (INKEY-21) a%=a
% OR 48

850 IF INEEY(-118) AND NOT (INKEY-23) a%=a

86@ IF INKEY(-23) AND NOT (INKEY-118) a’=a
% OR 192

87@IF INKEY (-120) ENDPROC:REM RETURN TO ME
NU ON %

BHBIF ax:>olda% ?%FE&1=a%:olda%=a%

8926070 78p

FUQENDFROC
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AND NOT (INKEY-118) a%=a

-PROJECT: Motor Interface

210

?za

?I@DEFFROCrunmenu

DAAREM# #3332 3 3 3.3

95S@LOCAL q%

PEOREFEAT: CLS

?7OFRINTTAB (16,2) "RUN MENU"

FBOPRINTTAE (16,3) "wxxanunn®

FIAFRINTTAB(1@,1@)"1.. .RUN WITH WAIT STATE
g

1@0OPRINTTAB(10,12) "2. . .RUN WITHOUT WAIT ST
ATES"

101@FRINTTAE (1@,14) "3. . .RETURN TO MAIN MENU

1020INFUT TAE(10,22) “CHOICE 1"'q%

10Z0IF q%Z=1 FROCrunscreen: PROCrun (TRUE)
104@01IF gx=2 PROCrunscreen:PROCrun (FALSE)
1QSAUNTIL Q=3

126PENDFROC

12870

1080

109@DEFFROCrunscreen

1 1DOREMA® #3533 33 35 3 3 % 3

1110CLs

1120FRINTTAB(12,10) "EXECUTING PROGRAM"
113BENDFROC P .

Listing 2 Motor Control Basic,

1OREM CAN ONLY EE USED WITH MEF SYH Contr
ol Basic

2@MAKE FPRINTER OUTFUT

ZOREFEAT

4@IF INKEY (-3
E FROCmotorileft

SOIF INKEY(-114)=TRUE AND INEEY (-33) =FALS
E FROCmotoriright

4@UNTIL FALSE

70

BODEFFROCmotorileft

POREFEAT

100MAKE BIT @, HIGH

110MAKE BIT 1, LOW .

12QUNTIL INKEY(-33)=FALSE

130MAKE BIT @,1, LOW

140ENDFROC

=TRUE AND INKEY(-114)=FALS

16@DEFFROCMotor1right
170REFEAT

180 MAKE BIT @, HIGH

190 MAKE BIT 1, LOW
Z@BUNTIL INKEY (-114)=FALSE
21@MAKE BIT @,1, LOW
22@ENDPROC

BUYLINES

There should be no problems with the
components, especially since nothing
is critical. Connectors are widely avall-
able. Maplin, for example, can supply
them all (PO Box 3, Rayleigh, Essex
§S6 8LR — tel: 0702 552911) and they
can also supply the microminiature
relays. A ready-built unit (including
software can be supplied by Gwentec
Electronic Instruments, 26 Churchwar-
den Drive, Newport, Gwent NP9 0SB
(tel: 0633 280526) for £42.50
inclusive. Gwentec will also supply a kit
of parts for £29.25 and a PCB for
£5.50, Please phone first to check on
availability. A slightly modified PCB will
be available from our PCB service as
soon as it becomes operational again.

Listing 3 Program to assemble machine

.

code motor driver.

1BREM ASSEMBLER MOTOR DRIVER

20FOR pass%Z=@ 10 . STEP 2

30F=%3000

40LOFT pass¥

S@LDA %71
2-2)

6OHER store \ if “direction" zero then
0.E.

70CHMF #3

\ load A with “direction" (

BOBCS end \ if “direction" I or more
then exit

QAORA #21 \ "OR" with 1 to convert 2
to I leaving 1 as 1

100.store

110STA %71 \ store @,1 ar I in %71

120LDX %7@ \ load X with moteor number
(2-4)

13@DEX \ convert to @-3

140CFX #4

15@0BCS end
1608TX %78
¥70

17@

180LDY #UFC A
1908TY %72 N\
2@VLDX %70 AY
T1BBER jumpi \
to shift mask left
D2DSEC

-

if 4 or greater then exit
store new motor number in

load mask

store mask 1n 72

load X with motor number
if motor number @ no need

25QROL 277

26@DEX

U7@ BNE loopl \ repeat loop according to
mator number

-

rotate mask left two bits

280. jump1

290LDA %FES1 .

JORAND 27T \ and contents of printer E
art with mask

I10

QLDY. %71 \ load ¥ with motor “direct

fon"

II0S5TY %72 \ store motor "direction®
n %7% as serond mask

4QLDY 7Q \ loao X with motor number

TOEBER jumpZ \ 1f motor number 1s zero n
0 need to shift mask left

Ta@cLe

< N oshift mask left twice
4Q0DEX
41PAENE 1oop2- \ repeat loop according to
motor number

-

"OR" A with second mask
sand byte to printer port
store byte i1n %72

s

45@STA %72
460.end
470RTS

4201

A9ONEX Tpass¥
500

Sie

520
SIOREM# %t x s TEST % nn
S40PLFE61=0: 75.72=0

SS@REFEAT

SERINFUT "MOTOR (1,2,3,4) : "m%
S7QINFUT "DIRELTION (B,1,2) : “dy%
S8D7%7Q=m%: 7% 7 1=d%

S9aCALL %3200
LORFRINT~7%72
SIQUNTIL FALSE

Listing 4 Logotron Logo procedures
utilising driver.

TG -FATCH
#L0OAD DRIVER ZFCO
END

10 MOTOR :motornumber :motordirect:on
-DEPOSIT 112 :motornumber

-DEFOSIT 113 :motordirection

SCALL 1222

END

Logo Motor Control
Two procedures in Logotron

Logo are provided (Listing 4) to

show how the machine code
driver can be used in a language
other than Basic. The procedure,
PATCH, loads the driver at 2 FCOH.
The second procedure has two
parameters, motor number
followed by motor action, The
.CALL in the MOTOR procedure is
to the decimal equivalent of

2FCOH. The primitive .DEPOSIT is
the equivalent of the BASIC
command, POKE,

Before the MOTOR procedure
can be used, PATCH must be
called once,

The-machine code driver could,
of course, be used from within any
suitable language running on any
6502 system with only minor
modifications,

ETI
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e prime requirement of an
I mplifier for moving coil
artridges is that it should

have \very low noise. This would
not be too much of a problem
were it not for the fact that moving
coil cartridges have very low
ances, typically around 2-3

impe
ohms. Since it is a requirement of
low noise design that the base

resistance of the input transistor is
as low as the resistance of the
cartridge, this calls for a great deal
of care both in the choice of
transistors and in the configuration
of the input stage.

Transistor Choice

The noise figure usually given
in transistor data sheets is arrived
at from the formula:
total output
noise power

N=10log noise generated
by source only
A noise figure of 3dB, therefore,

indicates that the source noise and
the transistor noise are equal in
magnitude. A higher noise figure
indicates that the transistor is
contributing more noise whilsta
lower noise figure indicates that
the source is contributing most of
the noise.

he specification sheet fora
typical low noise transistor, the

ZTX 384, shows a noise figure of
4dB, but this alone does not tell us
how‘/ suitable it is for our particular
application. We need more '
information. Looking again at the
noise figures, we see that they
apply over a frequency range from

30Hz to 15kHz when Vce =5V, |,

= 200 microamps and R, = 2k

S
t first glance it appears that

4d8B relative to a source

impedance of 2k0 is far too high
“for a low impedance, low output
moving coil cartridge.

38

radeable moving coil input stage.

AMPLIFIER

Graham Nalty begins his amplifier at the beginning with an
up

yirtuesd

o E

However, if we are prepared to
accept a noise figure of 2dB as
reasonable, we see from the data
sheet that this can be achieved
with a source impedance of
around 500 ohms over a current
range from 100 to 500 microamps.
By using five transistors in parallel
we could achieve 2dB with a 100
ohm source impedance. This
approach was frequently
employed when moving coil
cartridges first became popular
about ten years ago, and |
remember one published design
that used no fewer than eight
transistors in parallel.

Another approach is to use
medium power transistors, as did
Stan Curtis in his System A
preamp described in ETI in July
1981. Transistors designed for
higher currents have a lower base

PGRADEABLE

resistance. Medium current
transistors such as the 2N4401
and 2N4403 have a base
resistance which is higher than
that of most moving coil
cartridges but considerably lower
than the base resistance o¥most
small signal transistors. _

For practical purposes there is
no reason why we cannot combine
the two approaches, without going
to the extreme of paralleling five
or more transistors. Space is
provided on the PCB for two
transistors in parallel, and a pair of
2N4401s in this position will give a
perfectly satisfactory performance
at reasonable cost. This .
arrangement is recommended for
the economy version of the
preamplifier. :

There are several alternatives
when it comes to upgrading this

NOISE VOLTAGE (in Vy/H2) at:

10Hz

Typ. Max.
25B737,25D786 0.55
ZN459
2N4867A 8 10
J230-232 8 30
OP37A 35 5.5
oP37C 3.8 8
NE5534
OP71

*Frequency not stated.

and ICs.

Table 1 A comparison of the noise performance of selected low-noise FETs

100Hz
Typ. Max.

0.4
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PROJECT

stage. One is to use the same
arrangement but choose better
~quality medium power transistors
which offer lower noise. The
25C2385 transistors suggested in
the parts list are ideal for this
application and prove extremely
quiet in practice.
The other aﬁproach is to use a
transistor which has been
designed specificially for moving
coil input stages and which has a
low enough base resistance to
allow direct matching to the
cartridge output. Several -
transistors of this type have been
developed in recent years, and a
good choice here is the 2SD786
which has a base resistance of just
4 ohms, These are, inevitably,
quite expensive and not terribly
- easy to come by, but they do seem
to offer the lowest noise figure of
any type currently available. A
comparison of the noise

erformance of these and other
ow-noise transistors and ICs is
given in Table 1.

The Circuit

Like the other stages in this
preamplifier, the moving coil stage
Is based around a simple but very
effective discrete operational
amplifier. This allows the stage
gain to be determined by the
values of two external resistors. As
a result, the gains of the two
channels can be matched to
within very close limits without
using preset potentiometers, thus
avoiding the inconvenience, cost
and sound degradation this would
involve. ‘

The circuit of the moving coil
amplifier in its basic form is shown
in Fig. 1. Transistors Q2 and Q3
form a differential pair in which
approximately equal currents flow.
The total combined current of Q2
and Q3 is kept almost constant by
R3. Transistor Q5 is biased on by
the voltage across R2.

 With no signal input, the bases

of Q2 and Q3 are closeto OV. If a
positive voltage is applied at Q2
with respect to Q3, more current
will flow in Q2 and less current in
Q3. The voltage across R2 will
increase, and this will cause an
increase in current in Q5. This will
raise the voltage across R7 and
give a positive output signal.

The effect of the negative
feedback network comprising R5
and R6 is to feed some of the
output back to the base of Q3.
Provided the base of Q2 isata
hiﬁher voltage than Q3 the output
will remain positive. If the open

ETI JULY 1986

Ic1 -0 +15V
R2 R4 R7 ] "L
NOTE: 330R 330R 33RS e cs
IC1=78L12 4700 220
IC2 = 79112 "
Q14 = 2N4401
Q5 = 2N4403 4 Q5
Q4 c2
a3 100 s
IGNAL
INPUT >———-0
A ouT
R5 S 220R Ro
10R 220k
-0 oV
c7 c9
R3 R8 I l
o g 4700 220n

T

Ic2 \—-L—o-mv

Fig. 1 The circuit of the moving coil amplifier in its standard or ‘economy’ form.

NOTE:

m +15V
wl L1170

1C1 = 7812
IC2=7912
Q23=25D786 3358 3n9 T 2o
or 2 x 28C2385 .
Q5 - 2SA078 c3 %6 )
or 258737 o5 39 Son
D1= 4511
D2 - 1509 a2
INPUT } x o JeNAL
c2 ,
R1 Tu0 R9
33R2 10R 220k
o —oov

Cc9
220n

¢DZ Cﬁm—
3n9T T -

)]

O -15V

N
39

470n

Fig. 2 The circuit of the moving coil amplifier in its upgraded form,

loop gain is much greater than the
ratio of the resistors R5 and R6,
the voltage difference between
the bases of Q2 and Q3 will
remain small and the gain‘will be
defined by the values of the
resistors,

The use of a differential input is
not ideal in terms of achieving the
lowest possible noise, but it cFoes
remove the need for an input
capacitor which would otherwise,

degrade the sound as well as being -

physically large and expensive.
This means that a small current of
the order of 10 microamps flows
through the cartridge, but | have
not seen any reliable reports
which say that this is harmful. |
have not observed any ill effects
even at higher levels of current,
but if you are at all worried by DC
flowing through the cartridge,
replace R1 by a 10k resistor,
connect a 4u7 plastic film
capacitor towards the input and”
place the original R1 across the
input socket, Plastic film
capacitors will pick up noise from
the mains transformer, and if this is

troublesome you will either have
to remove the transformer to a
separate box or replace the
capacitor with a tantalum type
(negative end to transistor) with
some degradation at high
frequencies.

The input loading resistor on a
moving coil cartridge is an
important part of the design. A
change in the value of this
component will change the sound
quality of the cartridge, and man
people like to experiment to fin
the optimum loading for their
system. As a rough rule, lowering
the impedance reduces the high
frequency output. A cartridge with
a low output impedance wi%l
obviously require lower
impedance matching from the
amplifier and this should be
considered when fitting the ,
loading resistor in the circuit. As a
practical compromise, a value of
33 ohms is suggested as a standard
or a starting point for
experimentation.

The performance of the
standard version can be further
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lnterrw

al view of the complete pre-amplifier. The moving-coil stage is the bottom, left-hand board.

higher quality components. The
circuit of the upgraded version is.
shown in Fig. 2. The upgrading
measures are:

imp;{oved, mainly by the use of

1) The use of ultra low noise
transistors type 2SD786 for the
input stage.

2) The use of Holco H8 (&
wal recision resistors
manufactured by Holsworthy
Ele«.;tronics. These offer better

t

sound (1uality than standard grade
metal film types (Ref. 1).

) The replacement of
polyester capacitors with

BOI carbonate types.

olycarbonate capacitors have a
lower dielectric loss (Ref. 1, 2).

) The by-passing of all
medium value capacitors with
polystyrene capacitors of around
3u9 u to 10 p. This improves the
sound at high frequencies.

" 5) The use of transistor pads for
all transistors. This holds them
firmly to the board and reduces
the |possibility of distortion due to
vibration. Anyone who has heard
the improvement in sound quality

40

which results when a Mission
Isoplat is placed under an
amplifier will know what | mean.

6) The use of high power
(metal tag) regulators: This should
improve the sound quality by
reducing the Temperature
Generated Distortion (TGD).

7) The use of constant current
diodes in place of R3 and R8. The
high impedance (Ref. 3) reduces

BUYLINES

A complete kit of components and PCB
forthe moving coil stage canbe obtained
from the author at 6 Mill Close, Borro-
wash, Derby DE7 3GU. The cost is
£12.50 for the standard version and
£25.00 for the upgraded version. Both
prices are fully inclusive. The PCB and
parts are also available individually —
ask for a price list.

The case for the complete pream-
plifier (see pictures above and overleaf)
costs £49.00 including VAT and car-
riage. An alternative front panel is avail-
able for those who do not want tone
controls — please specify when order-

the power supply ripple voltage
feedback to the input from the
negative supply and greatly
improves sound quality.

Construction

Refer to the components
layout, Fig. 3, and start by
soldering the resistors into place.
Note that there are three holes to
accommodate R3 and R8. The
holes that are 0.5” apart are for the
resistors and the holes that are
0.2” apart are for the FET constant
current diodes (D1 and D2) used
in the upgraded version. The flat

“faces of the FETs face the input

side of the board and it is a good
idea to mount them on transistor
pads.

Next install the connecting
pins (6 in each channel) and insert
and solder the IC regulators. Now
insert the transistors using the
diagrams in Fig. 3 as a guide. The
board is completed by soldering
the capacitors into Fosition.

Feed a supply of =15V to
+25V to the board (uF to 35V if
you are using 1A regulators) and
check all voltages with a DVM or
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RIGHT
OUTPUT

gLl

NOTE: THE SEMICONDUCTORS
SHOWN ON THE OVERLAY ARE
THOSE USED IN THE STANDARD
VERSION:-

IC1=78L12

IC2 =79L12

Q1-4 = 2N4401

Q5 =2N4403 .

THE PINOUTS FOR ALTERNATIVE
TYPES ARE SHOWN BELOW

RIGHT
INPUT

EFT
INPUT

Fig. 3 Component overlay for the moving coil amplifier board.

&=z saa
8o 8§~¢°
Q1.4 = 25C2385 Q1-4 = 25D786
Q5 = 25A978 Q5 = 25B737
e ¢ b b ¢ e

PARTS LIST

RESISTORS STANDARD VERSION

R1,7 33R Metal film 2%
R2 (see text)  330R Metal film 2%
R3 2k4 Metal film 2%

R4 330R Metal film 2%

R6 220R Metal Film 2%

R8 3k9 Metal Film 2%

R9 220k Metal film 2%

CAPACITORS

c1 3n9 polystyrene
Q2 1u0 polyester

‘C3,4,5 -

C6,7 470n polyester

C8,9 220n polyester

SEMICONDUCTORS

IC1 78112

12 79112

Q1,2,3,4 2N4401

Q5 2N4403

D1 see R3

D2 . see R8

UPGRADED VERSION

33R2 Holco 0.5% 50 PPM
332R Holco 0.5% 50 PPM
see D1

332R Holco 0.5% 50 PPM
221R Holco 0.5% 50 PPM
see D2 -
220k Holco 0.5% 50 PPM

3n9 polystyrene

1u0 polycarbonate
3n9 polystyrene
470n polycarbonate
220n polycarbonate

7812

7912

25C2385 or 2SD786*
2SB737 or 2SA978
J511 4.7mA)

J509 3mA)

*Only two 2SD768 transistors are needed in each channel. The Q1 and Q4 positions

should be left empty.

 MISCELLANEOUS

PCB; 6 x Tmm PCB pins; 5 off T092 transistor

pads (on upgraded version only);

PCB pillars; case, power supply, sockets, wiring, etc, according to choice and

application,

With the exception of the PC B, all componerits listed above are for one channel only.

Two of each item will be required for stereo,

‘multimeter. A list of correct
voltages is given in Table 2 to aid
fault finding. One likely source of
error is wrongly connected
transistors, bearing in mind the
different pin configurations of the
. various types. :
For optimum performance, the
currentin Q1 (or Q1//Q2) should

Test location Test voltage
IC1 output-0V = +12V
IC2 output-0vV  -12V

Junction

R6/R8 -0V less than+ 0.3V
Emitters

Q1/Q4 -0V 0.6-0.7V
Across R7 0.1v
Across R2 0.7V
Across R4 0.7V
Across R1 less than TmV

Table 2 Test voltages at various
points around the circuit.

be equal to the current in Q3 (or
Q3//Q4). It has been shown (Ref.
4) that distortion is least when the
currents in each side of a long tail -
gair are equal. When the circuit is
uilt as recommended, there may '
be a mismatch of up to 10% in the
collector currents of Q2 and Q3.
At the low voltage levels of an MC '
cartridge this will be of very little
importance, but anyone seeking

the ultimate performance for their ’
amplifier will want to match the
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inputjcurrents as closely as
possible.

There are two ways to do this:
the fifst is by calculation using a
DVM, Fig. 4 shows the voltages
measured on a fully-upgraded
moving coil stage. Current through
Q2 is2mA and through Q3is 2.09
mA, giving a mismatc of 4.5%. In
view (of the variations in the

V+

689m 658mV 96mV

N

5.8mV

¢ 9.

Fig. 4 Typical voltages measured
on a fully-upgraded MC stage.

specifications of constant current

iOﬁdeS (£10%) larger mismatches
may be expected through R2 and
R4.

Current= 4.09 mA

Base Current through Q5

= 0.01 mA (Hfe =300)

Total Current= 4.1 mA
Current per transistor = 2.05 mA

Voltage required across R2

= 689mV
Optimum value of R2 = 689
- 2,05
=336 ohm

The nearest E96 value is 332R or
340R.
The collector currents could
alternatively be matched by either
changing the value of R7 or by
changing D2 (to a)508) or
adjusting R8 as appropriate. | will
leave the readers to make their
own calculations if they wish to
pursue these alternative options.
The other method of balancing
the currents is by observing a null
point with a multimeter or sCOpe.
THe circuit is set up as shown in
Fig. 5, with R2 and R4 replaced by
resistors of 270R (0.5%), 39R,
22R, 10R, 4R7, and 2R2. Initially
the 10R, 4R7 and 2R2 resistors are
shorted out on both sides and a

_ of R2 would

meter is connected from A to B.

If current flows from A to B, the
total resistance value is too high
and needs to be reduced. If
currrent flows from B to A, the
total resistance value is too low
and needs to be increased. The
resistance on both sides should be
adjusted by equal amounts by
restoring the shorted resistances.
This procedure should be
repeated until a point is found
where the current is lowest. That
value is recorded and about 1 ohm
added to allow for Q5’s base
current. The value of R2 is the
nearest preferred value to this. Itis
important that the resistance
values are exactly the same whilst
measurements are being taken.

Whilst the final value of R2 is
critical (to set the base voltage of

Negative supply R3 R8

volts

1.2V single nicad  120R 390R
5V 1kO0 1k6
9V 1k8 3ko
12V 2k4 3k9
15V 3k3 5k1
18V 3ké 6k2

Table 3 Values of R3 and R8 for
use with alternative negative
supply voltages.

Q5), the value of R4 after the

measurements are taken will have

no real effect on the circuit. Either

330R (or 332R in E96 values) ora

resistance ecﬁjal to the final value
e appropriate.

Applications

Although designed for use with
the upgradeable amplifier, the
moving coil stage is also well
suited for use in other equipment
or as a stand-alone unit. Its = 12V
regulators allow it to be hooked
into almost any preamplifier which
has = 15 V regulated supplies, and
it would make an ideal headamp -
for John Linsley Hood's Audio
DesiFn Preamp and similar
amplifiers. In such instances the
use of two separate stages of
regulation will guarantee excellent
sound quality. It would also work
well as an isolated head amp with
a suitable power supply.

You can also use the moving
coil stage without its regulators if
you have a high performance
discrete regulator or a batter
supply. The low noise upgra ed
version in particular will be
extremely quiet on battery power
supplies. It will also give

PROJECT: MC Stage

270R 270R
0.5% 0.5%
47R 47R
1% 1%
22R 22R
1% 1%
10R 10R
1% 1%
4R7 4R7
2% 2%
2R2 2R2
2% 2%
: \'>$
Q2 Q3
Fig. 5 Test circuit used to set equal
collector currents in the input
transistor pair.

outstanding sound quality when
owered from high capacity
atteries, but in this case it is wise
to limit the short circuit current
which might flow were a
semiconductor to fail. The last .
thing you want is to have the short
_ circuit current of a'larFe
\rechargeable battery fed to the
terminals of an expensive MC
cartridge.

- To prevent this, connect
resistors of at least 10R (or T00R
with a 12 V car battery) in series
with D1 and D2. | don’t think short
circuit failure is common amongst
FET diodes but | would rather be
safel

Whatever supply you use, itis
essential that the correct currents
flow from the negative rail. Table 3
shows suitable values of R3 and
R8 for some of the more popular
negative supply voltages. Constant
current diodes are ideal for higher
voltage working, but their
impedance falls at low voltages. At
4.2 volts the current via the J511 is
10% below the current at 25 volts.
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IGITAL SOUND
MPLER

At the risk of repeating ourselves, Paul Chappell puts the

sampler into action.

power supply is shown in
Fig. 1, and Is assembled
according to the component
overlay in Fig. 5. The heat sinks
mount horizontally on the board
with a gap of only a few mms
bet\leen them, so it would be a
\

T he circuit of the sampler's

wise| precaution to use insulating
washers wherever a 79-series
regulator is nexttoa 78-series one,
as their tabs will be at different
voltages. Three of the four wire
links on the board run very close
to the heat sinks. To avoid the
ossibility of shorts, these should
e insulated.

photograph. You can arrange the
front panel layout to suit your
own taste, since all the controls
are on flying leads.

It would be as well to keep the
mains connections as far to the
right of the case as possible, to
minimize any hum pick up, but
apart from that you have complete
freedom. :

We decided to put the input
level control on the front panel,
rather than use a preset on the
PCB as originally specified. This

allows a very wide range of input

levels to be accommodated —
anything from a microphone input

displayed on the TV screén, but if

you'd like to include them, Fig. 2

shows how to do it. 1

BER1

R1

IC5 = 7905
BR1 = BY 164 1.4A BRIDGE RECTIFIER

Fig. 1 Circuit diagram of the power
supply. -

22R '
ouT
N 1c1 ‘-ir—0+sv
ca 1t ca
10u COoM 220n
Pir
R
N oo |2UT +5V
csLF c6 -
Ou com 220n
IN
e [PYTe——0ur2v
c1 - C8
3200 4700 lcom M= 220n
v
Vi
’ T
L N 1ca ou —0-12V
+
= co Zom .Lcw
22004 :l; 470n 220n
v 777
IN| \oe OUT sv
e c2
470n com 220n

ln——ODV
n

+5V

220R

4 SAMPLE READY
1c14-6

+5V

220R

4§ SAMPLER ACTIVE
1c148
+5V
220R

#§ PLAYBACK
1C15-6

Fig. 2 Status indicator connections.

We used a 19” rack-mounting
case for the final assembly — there
is no need to seek out exactly the
same type, but you will need one
of a similar size to allow room for
the three boards. They fit neatly

_into the space available in a19”
‘case, as you can see from the
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to several volts from a signal
generator. The group of three LEDs
is for status indication: they show
SAMPLE READY (when sampling is
to be triggered by the presence of
sound), SAMPLER ACTIVE, and
PLAYBACK. These indicators are
not essential, as the information is

Connection to the Spectrum
was made via a 15-way D-
connector at the rear of the case
going to a standard, 0.1” edge
connector. The ground connection
was taken via the shell of the D-
connector and the appropriate
links to the Spectrum expansion
port are shown in Fig. 3.

A single pole toggle switch was
inserted in the interrupt line —
when the switch is off, it allows the
Spectrum to be used for other
purposes; when on, the sampler’s
interrupts jam the Spectrum’s
own, and the sampler takes
control. -

If the idea of havinEto operate
a switch is too low-tech for you,
the circuit of Fig. 4 will turn on the
sampler automatically as soon as
the tape has loaded — we didn’t
include it in the prototype, so it
hasn’t been allowed for the on the
PCB, but it shouldn’t be any great
problem to add it.
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{ Interior layout of the sampler

Using The Sampler

The Sampler and computer
must both be turned on and
connected together before the
f)ro ram is loaded. If you try to
oad the tape without the sampler
connected, the program will fail
immediately, as one of the first
things the program does when

e [ JOICJT]
2 o
< 3

I

> P
[ IS

]
]
]
]
]
ElNN
O g
O g
0 B
0 o
_% ]
iy 1]
O p
0 O
O O
]

O

|

Fig. 3 Spectrum edge connector,
showing connections used for the
sampler.

loaded is to change the Z80's
interrupt mode, and it requires an
address from the sampler for the
correct service routine.

ETI JULY 1986

To load the program, (t{yge
LOAD “” CODE, followed by
ENTER, and then switch on the
cassette recorder, and also the
switch in the interrupt line if
you’veé)lumped for the manual
method. As the tape loads, you
should see a colouiful 'SOUND
SAMPLER' logo displayed on the
TV. As soon as the ioading is
complete, this will be replaced by
the help screen, as shown in the
photograph, which lists the various
commands you can use,

HELP .

INPUYT SRMPLE
FULL DISPLAY
EXPANDED DISPLAY

LEFT CURSOR 1EFT
LEFT CURSBOR RIGHT
RIGHT CURSOR LEFT
gEgsT,CUR&OR RIGHT

FAST . :

B

TEQON- MOWT

[EENEE]

L]

PLAYBACK
SOUND OFF

HMODIFY SAMPLE
- LOODRPING POINT
RECORD SAMPLE
SAMPLE FROM TAPE

“nrx xp

LR N

The option menu

To sample a sound, press ‘I on
the keyboard (which stands for
‘input’), and you will then be given
a choice of sampling rates. The
higher the sampling rate, the
better the sound quality, but the
shorter will be the length of time

|

p PR a

5V

R1
470R

2
1C13-10
3

5
INT
> IC1 (SAMPLER)

_ INT
areNC (SPECTRUM)

1 NOTE:
IC1 = %74L574
1C18-6 . IC2 = %74L8126

Fig. 4 Circuit for turning on the

sampler’s interrupts automatically.

you can sample for. Having chosen
your sample rate, you will then be
given the choice of initiating the
sampling by the presence of a
sound, or starting it immediately
by pressing a key on the
computer. A list of options is given
on the TV screen at each stage, so
there is no need to refer to this
article or the instructions.

As soon as the sampling is
complete, the computer will ‘
display the sampled waveform on
the screen, in three rows, as shown
in the photograph. Unless the
waveform is at a very low .
frequency, all you will see at this
stage is the envelope, so a
constant amplitude wave will just
appear as three bands across the -
screen, as you can see for the sine
wave,

'Smpled sine wave

To inspect the waveform in
detail, there are two cursors which
can be moved to frame the part of
the sample you are interested in.
Pressing ‘E’ (for ‘expand’) on the
keyboard will give a detailed
picture of the portion of the
sampler between the cursors.
Photographs of the expanded
voice waveform and sine wave
show the result of doing this. Both
the samples were taken at a low
rate, so the individual sample
points making up the waveforms
can be seen. The samples in
memory are in companded form,
but the program calculates the
correct position for each point so
that it appears on the screen as if
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the sampling had been linear.

The sample in memory can be
edited — you can cut out parts
that ire not required, by moving
the cursors, and you can also alter
any sample to modify the
waveform, or even to create your
own waveforms,

To hear the sound, press ‘P’ (for
‘playback’) on the computer. You
will t ren be given the choice of
having the sample played back
once leach time a key is pressed
(which you will want if you have
sampled a piano note, for
instance), or of continuously
looping around the sample to give
a sustained note. On playback,
only the portion of the sample
between the cursors will be heard,

play the entire sample you

must/move the cursors back to

riginal positions at either
end.of the sample. When you are
looping around the sample to form
a continuous note, there will be a
click every few seconds because
of the sudden jump from the last
sample value to the first. You can
eliminate this by choosing your
loop beginning and end points
(with the cursors) so that the last
part of the sample leads smoothly
into the first, or if you like the
computer will choose the looping
points for you automatically. Just
press ‘L’ on the keyboard.

The sampler accepts a control
signal from a standard 1V per
octaye keyboard, with a+5V gate
signal. If you prefer to use a MIDI
keyboard, you may like to consider
building last month’s MIDI to CV
converter, which will allow any
MID| based instrument to
inte face with the sampler.
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—PROJECT: Sound Sampler

Listing 1 Hex dump of the
sound sampler program.
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Sound Sampler

PROJECT
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0SCILLOSCOPES -

Various 5'%" Floppy Disk Drives and Stepping
Motors Available.

TELEQUIPMENT D75 Dual Trace 50MHz Delay
SWEED . . s e avevesesnnnsirenennns £20

wee 0
COSSOR CDU150. Dual Trace 35MHz Solid State.

COMMUNICATION RECEIVERS
Racal IHAI7L 500kHz-30MHz .. . ONLY £140 each with
manua

Portable 8x10cm display. With Manual . .., £200
GOULD 08258. Dual Trace 15MHz .. ... . £200
TELEQUIPMENT D61 Dual Trace 10MHz. With
Manual ...ooviiiiaii £150
S.E..LABS SM111. Dual Trace 18MHz Solid State.
Portable AC or External DC operation 8x10cm
display. With Manual.................. £150
TELEQUIPMENT D43. Dual Trace 15MHz. With
Manual ,.o oo i £100
TELEQUIPMENT S54A. Single Trace 10MHz. Solid
State. With Manual ................... £110

BOMHZ .. ... eereans s £30
METRIX WOBBULATOR Type 210. 5-220MH; - . £20
PHILIPS WOBBULATOR GI2877S 5-220MH § a40-

8 z £100
L;BE?:I;( COLOUR BAR GENERATOR CM6037

PHILIPS DIGITAL MULTIMETERS
4 digit, auto ranging Complete with batteries and
leads (pép £5)
TYPEE PM2517X (LCD) ................. £75

MULTIMETERS

AVO 8 Mk 4 Complete with batteries & leads £60
AV0'8 Mk 2 Complete with batteries & leads £50
AVO'TEST SET No 1 (Military version of AVO 8)
Complete with batteries, leads & Carrying

85 i e e 85
- AVO Model 7x. Complete with batteries, leads &
CAMMYING CASE . v v v'evsssareerransenn,y, £40
AVO Model 73, Pocket Multimeter (Analogue) 30
ranges. Complete with batteries & leads. ... . £18
AVO 72 - Similar to above but no AC current range.
With batteries & leads.................. £10

AVO TRANSISTOR TESTER TT169
Handled. GO/NO GO for In-sity Testing. Complete

5€ £60

WAYNE KERR COMPONENT BRIDGE B521 (CT375)

100uH-500KH; 18F~5F; 1 milliohm-1000Mohm . ., £35
8R;\s()Al. 32MHz UNIVERSAL COUNTER TIMER Ty,
.................................. £

MARCON! TF2604 (Later version of TF 1041 VIVM)

%ggz-ﬁOOMHz: AC/DG/Ohms  AC  300mV-300V

{P&

PHILIPS COLOURBAR GENERATOR typr 5508. Video
out. Many Functions...... I . 212
TES FIELD STRENGTH METER type HC661 in Carryin,
Case (PEP £5) ... ivueneveiieiininnnnnnn, 288

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trice 60MHz,

Delay Sweep. Corngonent Tester.oovvnnnn.., £615
HAMEG OSCILLOSCOPE 203.5. Dual Trace 20MHz.
Component Tester....,..,.. e, £270

with batteries, leads & instructions,
(p&p £3) NOW ONLY £12

PROFESSIONAL 9" GREEN SCREEN MONITORS
made by KGM for REUTERS Gives quality 80 column
X 24 line display. Composite video in. Cased. Good
CoNdition v v\ uuiuiita,s. . ONLY £32 sach
DISK DRIVE PSU.240V H; 6V 1,6A & 12V 1,54 out,
Size: 'W125mm, H75mm, D180mm. Cased. Un-used.
Only £10.00 each (P&P £2)

BLACK STAR FREQUENCY COUNTERS P&P £4
Meteor 100 = 100MHzZ. ....ovvvvvenannnn,. £08

Meteor 100 - 1GHz £175

BLACK STAR JUPITOR 500 FUNCTION GENERATOR.
ine/Square/Triangle. 0.1Hz -

HUNG CHUNG DMM 6010. 3. digit. Hand held 28 ranges

including 10 Amp AC/DC. Complete with batteries & leads.

P&P £4 33.50

Qwerty keyboard (as in Lynx Micro), Push to make.
Cased ..vvvvireiinnnannn, £5 each (P&P £2)

Used equipment - with 30 days gua

" This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before

rantee. Manuals supplied if possible.

. ordering. CARRIAGE all units £12. VAT to be added to Total of Goods & Carriage.

. STEWART OF READING

Telaghune; 0

Callers welcome

110 WYKEHAM ROAD, READING, BERKS RG6 1PL

734 68041

am-5.30 pm Mon.-Fri. {untll 8 pm Thurs‘l

17 Granville Court, Granville Road,
Hornsey, London N4 4EP, England.

Germany and USA upon request.

Small signal
Power
Darlingtons — all

- FETS — Power Mosfets
Unljunctions

Rectifiers and Bridges

LEDs of all shapes and

&

JAPANESE COMPONENTS — Vast

"D

DIODES — Germanium and Silicon

Opto-Electronic devices

THYRISTORS and TRIACS — All
1

Universal Semiconductor Devices Ltd.

Teol: 348 9420/9425* Tix: 25157 usdco g
We offer one of the largestranges of semiconductors at highly economical

prices. The following semiconductor types are available from stock. Ifwe
don't stock what you need then we can get it fast from our facilities in West

TRANSISTORS — Bipolars — Germanium and Silicon

| shapes and sizes

VHF/UHF devices — all shapes and sizes

\B
+
NN\
sizes \ ’ !

shapes
PeS sizes ratings

INTEGRATED CIRCUITS: Consumer — Digital/Analogue

Microprocessors and Peripherals
IC Sockets

range of discrete’s and consumer IC's

System A — All semiconductors available from USD. Amp — £75.00 incl. VAT &

p&p. Pre-amp — £90.00 incl. VAT & pé&p. M
{SYSTEM A AM

Mail order customers: Please send for our s ) ductors available-
comprehensive price list, enclosing £1.00in Al Seﬂ:go‘;e?amp £90, amp
stamps. Cheque or postal order. A'T.'ip only £75

Catalogue sent free of charge, when requested on official letterhead (without
refund), to OEM's, Schools, Colleges, Universities, Government Institutions,
Computer Films, Electronic Repair Firms and Distributors. Special discounts and
payment terms are avallable to above institutions,

Please enquire for quantity discounts.
WE WELCOME TELEPHONE AND TELEX ENQUIRIESI
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HART — The Firm for Q

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb, HART designed, integrated amplifier kits derived
from Linsley-Hoods articles in ‘HiFi News’.

Ultra easy assembly and set-up with sound quality to
please the most discerning listener. Ideal basis for any
domestic sound systems if quality matters to you. Buy
the complete kit and save pounds off the individual com-
ponent price,

K300-35. 35 Watt. Discount price for Complete Kit..
K300-45. 45 Watt. Discount price for Complete Kit..
RLH4&5. Reprints of Original Articles from ‘HiFi News..

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete very high quality low noise signal handling stages for any stereo cassette recorder.
Separate record and replay sections for optimum performance. Switched bias and equalisation to
cater for chrome and ferric tapes. Very easy to assemble on plug-in PCBs. Complete with full
instructions.

K800 Complete Stereo Record/Play Kit ....£33.70
860X Stereo Mic Amp Kit to suit...... ...£8.70
RLH1&2 Reprints of original Articles.. .75p no VAT

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-reel recorders. These circuits will give
studio quality with a good tape deck. Separate sections for record and replay give optimum per-
formance and allow a third head monitoring system to be used where the deck has this fitted.
Standard 250mV input and output levels. )
K90OW Stereo Kit with Wound Coils and Twin Meter Drive..........ccoccvvesrererevnseereenes i.£65.67
RJS1 Reprints of Original Articles... £1.30 no VAT

..£102.36
...£1.05 no VAT

replacement heads could restore performance to better than new!
Standard mountings fit most decks and our TC1 Test Cassette

HIGH QUALITY REPLACEMENT CASSETTE HEADS
Do your tapes lack treblel A worn head could be the problem.

e
will make it easy to set the azimuth spot on. As we are the actual . / g =
importers you get prime parts at lowest prices. All our heads are
suitable for Dolby machines.

Tape heads are constantly improving and fitting one of our |atest
HC20 Permalloy Stereo Head. Good quality standard head fitted as original equipment on many

decks £6.11
HS16 Sendust Alloy Si . ply . Longer life than permalloy, higher output
than ferrite, fantastic freqUENCY rESPONSE.........uieiuiiereiceisriisiseeetiosiesiissessissesesseessesens .91
E0251 4-Track head for auto-reverse or quadrophonic use. Full specification record anggpl%
L S O P PO SO UUSPURI .

Full data on these and other heads in our range are contained in our free list.

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU (Dolby) level, head azimuth and tape
speed without test equipment. Vital when fitting new heads. Complete with instructions...£4.66

Send for your FREE copy of our lists with full details of our complete range of Kits, C"omponents,
PCB8s, Cassette Heads and Decks:— Overseas please send 5 IRCs for Airmail Post.

Please incld part cost of Post, careful packing and insurance as follows: Orders ub to £10 — 50p,
orders £10 to £49 — £1, orders over £50 — £1.50.

' ELECTRONIC KITS LTD
m 1, Penylan Mill, Oswestry, Shropshire SY10 9AF
¥ 24 hr SALES LINE (0691) 652894 Please add VAT

‘VISIT SCOTLAND’S NEWEST
COMPONENTS SHOP’,

We stock a wide range of general
electronic components, send now for
our 21 page catalogue price 20p + 12p
p&p or call at the shop Mon-Fri 9.00am-
6pm. Sat 9am-5pm.

174 Dalkeith Road,

Tel:031-667 2611 Edingburgh, EH16 5DX

MAKE YOUR INTERESTS PAY!

More than 8 million students throughout the world have found it worth their whilet An
ICS home-study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experience in home-study courses and is the largest
correspondence school in the world. You learn at your own pace, when and where you
want under the guidance of expert 'personal’ tutors. Find out how we can help YOU.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.
(Tick one box only!)

’ Radio, Audio
‘ Electronics . U | and TV servicing m] \
| | Baslc Electronic Radio Amateur Licence |
Engineering (City & Guilds) [ | Exam (City & Guilds) O
I Electrical Engineering [ | Car Mechanics O I
Electrical Contracting/ Computet
l Installation Programming O I
GCE over 40 ‘0’ and ‘A level subjects O
| |

Name

Address P. Code
International Correspondence Schools, 312/314 High St., Sutton,
Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs) DeEt EBS76




HEETI
TROGLOGRAPH

Not so much a field test, more a sort of soak test. Mike
Bedford describes the results obtained with his prototype
underground communications system and offers some hints on

using and modifying it.

roglograph were carried out

ver a distance of about 200
yards with a reasonable received
signal strength, but signals started
to tail off significantly beyond this.
These ranges were very
encouraging as they compare
favqu rably with the depths of most
British caves and potholes.
However, the Troglograph was not
developed for surface
communication — the acid test
was/how well it would work in the
envjronment for which it was
intended.

he field tests were carried out
in alwindswept valley in North
Yorkshire on a Saturday in January,
the surrounding hills still showing
the remnants of recent snowfalis.
The cave chosen for the tests was
the|West Kingsdale System,
located about 3 miles north of
Ingleton. There is an entrance in
the|valley bottom and the route
then passes almost horizontally
under the surrounding hills,
providing a comparatively easy

e%ns o gettinithe equipment to

a quite respectable depth. There is
onﬁg one vertical pitch on the

(o}
to

I %ﬁal tests with the

route chosen yet the final point is
in excess of 300 feet below the hill

P
he ﬁarty consisted of the
author, his wife Margaret, lvan ,
Wauljahorodsky and James Fathers,
of which the author and James

made up the subterranean
contingent. Figure 1 shows the
West Kingsdale System, and
consists of a survey of the cave
pa#sages superimposed upon a
map of the surface features. It was
- used to pin-point corresponding
positions above and below ground
at which tests would be
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g 1 A map of the West Kingsdale cave system, showing the points where the

Troglograph was tested.
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The prototype Troglograph undergoing field tests.

conducted. Although the System
has a number of entrances, the
one used in this expedition was -
the one referred to as Valley
Entrance and the three points
selected for tests were those
marked 1, 2 and 3 on the map.
Assuming that the cave passages
are approximately horizontal, it is
clear from the contours that these
points must be about 100, 200
and 300 feet underground.

The first rendezvous point was
reached in a matter of five or ten
minutes, the entrance section
being for the most part a walkin
or stooping passage with a couple
of deep pools. One of these filled
the passage to within a foct or so
of the roof, serving to prove that
the equipment was indeed
waterproof. This first test proved
encouraging with reasonably
strong signals being received.

The equipment was packed
away and we made our way to the
second scheduled point, arriving
there with a good five minutes to
spare. As James rigged the pitch
for our descent, a comparatively
dry spot was found to set up the
Troglograph. We switched it to

ETI JULY 1986

receive and were greeted with
silence. Our spirits fell. At last,
after two minutes of frantic tuning,
the signal was heard. We later
discovered that it had taken the
surface party longer than
anticipated to reach their
destination — clearly there are
times when it is quicker to travel
underground! The signal strength.
was not particularly good,
however, and the noise of the
stream pouring over the nearby
pitch as a waterfall made listening
difficult.

With the second test
completed, we went down the 25
foot pitch, the passage enlarging
considerably to form Kingsdale
Master Cave, the hub of the whole
system. The recent snow and rain
falls had left the cave much wetter
than on previous trips, making
progress against the flow of water
somewhat slower than expected.
At the end of the master cave the
route to the third rendezvous
point, Swinsto Great Aven,
continued as a low crawl with
occasional flat-out sections, It
soon became clear from the
deposits on the roof that this area

had quite recently been flooded
completely. In view of the
unsettled weather conditions,
good sense prevailed and we
retraced our steps, leaving a test at
300 feet to another day.
Nevertheless, we counted the
.expedition a success, signals

having been received through 200
feet of solid rock and the
ergonomic features of the design
proven. :

Further Developments

It is very unlikely that the first
attempt at a project such as this
will resultin a plece of equipment
which can’t be improved upon.
Indeed, although the field trip was
a success, it served to identify a
number of areas for future
development. The author will
probably continue to experiment
in these areas, and it would be
nice to think that this article will

inspire others not only to build the

Troglograph but to use it as an
experimental projecttoo.

Signal strength at 200 feet
below ground was not as good as ’

- expected. Means of improving this
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Following the field tests, the original Troglograph was re-housed by James

Fathers in the case shown here. Not only is it easier to carry than the original, it
also looks a lot better both inside and out (see external photo opposite). The
new arrangement also dispenses with the rather cramped control panel of the

original version, making operation easier.
the volume and regeneration controls.

Note the use of slider potentiometers for

have already been mentioned, but
to recap sli%htly they involve
increasing the number of turns
and/or the coil area (especially of
the surface coil) without
ingreasing its resistance.

Audio volume proved
something of a problem in
|odhations with high background
noise (for example, the waterfall).
The LM380 certainly doesn't give
its full power output into a 32 ohm
load, so a possible solution here

52

would be to find miniature 8.ohm
ﬁhones of sufficient power

andling capacity. On the subject
of phones, it was found that
miniature stereo headphones do
not fit over the hard hats used for
cavin’lg). Perhaps it would be

os?si le to fit phones into a hard

at

DraEging a loop aerial and an

ammo box in addition to ladders
and ropes along a low passage is

somewhat inconvenient. A form of

folding loop which could fit into
the ammo box would be a marked
improvement.

Perhaps the most ambitious
next stage would be to develop
speech communications, a facility
which would bring it close to the
Molephone described in the first
part of this article. Initial
calculations show that the most.
significant problem would be
obtaining the required 3kHz
bandwidth. The traditional
solution involves reducing the Q-
factor of the loop considerably,
which could only be achieved
practically by reducing the
number of turns. Clearly this
reduction in turns would have to
be compensated for by a
corresponding increase in the coil
current. More recent designs such
as the Molephone overcome
bandwidth limitations by
operating at a higher frequency,
typically 100kHz.

Licencing
As far as international
frequency spectrum agreements
are concerned the portion from 0—
9 kHz is un-allocated and no
regulations restrict its use.
Furthermore, since the
Troglograph does not use radio in
the normal sense of the word but
uses very short range magnetic
waves, it would be reasonable to
assume that a transmitting licence
is not required. In many countries
this is the case and the
Troglograph could be used
without any sort of official
authorisation. In Britain, however,
a licence issued by the
Department of Trade and Industry
is required for all use of the :
electromagnetic spectrum., |
Fortunately, a suitable licence
is readily available, this being the
one issued for deaf aid inductive
loop s?lstems in public halls. The
cost of the licence is £12.00 fora
period of five years and the
application form (Form BR12) may
be obtained from the following
address: Department of Trade and
Industry, Radio Regulatory
Division, Waterloo Bridge House,
Waterloo Road, London SE1 8UA.
Unless mention is made in the
application of the specific
requirements, the licence
obtained will restrict the loop
current to one ampere turn.
Although quite suitable for hearing
aid systems this is clearly of no use
for the Troglograph. Accordingly it
should be requested that a limit of
100uV per metre at 100 yards
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OPERATION

PROJECT: Troglograph

minimum of controls and is
simple to operate. The equip-
-ment only has a transmit/
receive switch, a switch to
select automatic keying or
morse, a volume control and a
regenerating control.

This latter control is the only
one which may need a word of

re§eneration control is set — it
will only be necessary to adjust
the volume control to a com-
fortable level. When signals are
weak, the regeneration should
be advanced as far as possible
without it self oscillating, then

It should also be remem-
bered that the transmit/receive
switch has a third ‘S’ position.
Forgetting this could result in
the Troglograph being in its
standby mode when it is
meant to be transmitting or
receiving. In practice it s
unlikely that the operator will

included, the receiver con-
tinues to operate (with no
aerial) when the Troglograph is
transmitting, ~ and  enough
signal is received to enable the
orerator to hear what is being
sent,

from the aerial be applied. It
would be wise to apply for this
licence in good time as
aBpIications are currently taking
about two months to process.

A Caution!

It isn’t the intention of this
article to encourage irresponsible
undlerground expeditions. Caves
and potholes are potentially
dangerous places, hazards
including pitches (deep vertical
shafts), rising water in unsettied
weather, route findinﬁ and
collapses. Whereas all of these
hazards can be minimised by
taking the proper precuations, the

inexperienced caver should not be

tempted to go underground alone,
Anyone wanting to experiment
with cave communications is
advised to seek some experienced

potholers as companions or
‘preferably to join a club.
Numerous caving clubs are
scattered around the country,
especially in the Yorkshire Dales,
Peak District, Mendips and South
Wales. With the increasing interest
in the Molephone in potholing
circles, an electronics enthusiast
might well be especially welcome

in caving clubs — particularly
when one considers the high price
: : : of commercial equipment.
The  Troglograph has a  the volume can be adjusted. One other potential hazard is

r)erhaps not quite so obvious. The.
oop aerial is tuned to resonance,
which means that in common with
all tuned circuits, the voltage
across the coil could be much
greater than the +24V applied to
the final amplifier. It doesn't
require much imagination to
realise how unpleasant it could be

explanation. In very strong  be unaware which mode the to use a poorly insulated aerial
signal conditions it really  equipment is in. Although no whilst standing up to ones waist in
doesn’t matter -how the ‘sidetone’ feature as such is a pool of water.
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name “Troglograph” and his wife
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“in testing it in less than ideal
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We would also like to point out
that the Molefone (on which the
Troglograph is based) is available
from University of Lancaster
Engineering Services, Department
of Engineering, Bailrigg, Lancaster
LA1 4TY, tel 0524 - 65201.
Molefone is a registered trade
mark.

SEGL

A COMPLETE SECURITY
SYSTEM -

contains:
Control Unit CA1
Enclosure & mechanical fixings

DIGITAL ULTRASONIC DETECTOR US 5063

front door.

N (E:amvv back-up with trickle chai
. * fickle
P

FOR DNLY The heart of any alarm systei;n he control unit, The CA 1250 offers

R every possible feature that s likely to be required when constructing

‘ £39 95 +VAT . an installation or simply controliing a single magnetic switch on the
8 AT

* Built-in efectronic siren drives 2 loud speakers
* Providas exit and entrance delays together with fixed alarm time
rge facility

INFRA-RED
SYSTEM
IR 1470

M &perates over distance up to 50ft.
* LED indicator for easy alignment.
*12V low current operation,

* Single hole mounting.

units

, pressure pads, ut icor|.R.

The IR 1470 provides an invisible beam of light which, when
interrupted energises a built-in relay in order to operate external

HW1
Key Switch & 2 Keys KS 390
LED’s LED

* Adjustable range up to 25ft.
*3levels of discrimination againstfalse alarm.
* Crystal controlled.

* Low-consumption 12V operation.
* Built-in delays & fixed alarm time.

switches or equipment. Ideal for use in security, photographic, or <
industrial applications.

Price only £25.61 + V.AT.

* Anti-tamper and panic facility

Stabilised output voltage

operating modes full alarm/anti tamper and panic facility

Screw connections for ease of installation

Separate relay contacts for external loads

* Test loop facility

Suitable enclosure for CA 1250 as shown in
Complete Security System - HW 1250
Price£9.50 + V.AT.

Add 15% VAT to all prices
U.K. orders at 70p P&P, export
postage at cost
Units on demonstration

. Shop hours 9.00 to 5.30 p.m.
Closed all day Wednesday
Saturday 9.00 to 1.00 p.m.

5% Horn Speaker HS 688
4high quality surface mountin,
Magnetic Sviitches S 10:

With only afew hours of your time it s possible to assemble and install an effective security system
to protect ycur family and property, at the amazingly low cost of £39.95 + VAT, No compromises
have been made and no corners have been cut. The outstanding vatue results from volume
production end direct supply. Assembly is strai ith the detailed i ions provided.
When installed you can enjoy the peace of mind that results from a secure home, Should you wish
toincrease the level of security, the system may be extended at any time with additional magnetic
switches, i Don'twait untilit's to late - order today.

Order Code: CS 1370

EXTENDED SYSTEMCS 1480 Price £62.50 + var.
Thi ins, in addition to the CS 1370 i ype US 5063 + its enclosure,
an additional horn speaker and a further 2 magnetic switches. This system represents outstanding
value for money for the high level of security provided. Order Code: CS 1480

An advanced ultrasonic movement detector which employs digital
circuit techniques to provide a superior performance for security,
switching and i rial applications.

Suitable power supply and ‘
timed switching unit for use
., with IR 1470, etc. 1
Price £13.95+ VAT, |

RISCOMP 2o
l.iM iTED Princes Risborough,

Write or tetephone for full
details of our complete range

Order by telephone or post

Bucks HP17 9DB

$uitable metal enclosure
£295+VAT.

Tel: (084 44) 6326
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INTERNATIONAI C—

AUGUST ISSUE
ON SALE 4th JULY

THE RETURN OF THE VALVE

Contrary to appearances, this is not an ETI project. But we're delighted
to announce: :

The ETI Valve Pre-amp

The battle between valves and semiconductor devicesis far from won. Many audio
~enthusiasts swear by valves — and not just because they're supposed to give a
‘warmer sound. )eff Macaulay has desiFned astereo pre-amp to exploitthe known
advantages of valves — linearity, simplicity, low noise and high overload margins.
‘The sound, he says, ‘is a revelation.’ But that's only the beginning, because pretty
soon Jeff is swapping his triodes for transistors with surprising results.

Intelligent Call Meter

This ROM-based designis foratelephone call-meteras easytouseas adigital clock.

With battery back-up, it features a 24 hour clock, automatic or manual switch-on
and the ability to memorize and display individual and total call costs forup to135

calls along with the numbers dialled. The unit can handle all STD calls whether
inland or overseas. The ROM-based program makes use of unit-cost data storedin
RAM which can be updated by the user. Perfect to check your bills or keep track of
your telephone use. :

Plus: ‘ :
RGB-to-Composite Video Encoder, Health Hazards in The Electronics Industry, Tech Tips,
your letters, reviews, news, opinions and lots more.

CROFTON PM101

Indlus|ve VA

This 9 inch metal cased, mono-
¢hrome monitor offers you the
¢hance to obtain a high quality
product at a budget price!

SPECIAL OFFERS

ONITOR KITS Brand new profes-
?ional 12 inch. P31 anti-glare panel
ube with T.T.L. 12v pcb. Easy to con-
ert to composite. ONLY £30. ZX81 Full
sized keyboard in metal case £13.80.
COMPUTER DESKS £20.

SUMMER OFFER £40

T and carriage £49.45 total

THE V'DEO SPEC'AL'STS dl THENOVEX 1414‘

SUMMER OFFER £100

Inclusive VAT and carriage £128.80 -

Be sure to ask for our
various catalogues.
We have a full range of

products including:

1—Discrete listening

devices
2—Plugs/sockets/
connectors/leads
3—Television accessories _ v
4—Security products | T5, e oidisletied, Shaionion
b-—Computer products is unbelievable value at this price!

6—NEC cased and
uncased monitors

CCTV camera at
attractive prices

ALL-OUR PRICES INCLUDE VAT, CARRIAGE
"& INSURANCE AND CAN ONLY BE"HELD
AS LONG AS STOCKS LAST!

* PHONE-YOUR ORDER NOW!

- MOST MAJOR CREDIT CARDS ACCEPTED
OFFICIAL ORDERS FROM: APPROVED IN-
DUSTRIAL OR EDUCATIONAL ESTABLISH-
MENTS WELCOME. -+ ‘
Delivéry within 28'days

IF YOU WOULD LIKE ALL OUR
CATALOGUES—PLEASE
SEND A 38p 9 x 12 S.A.E.

+

PHILIPS BM7502
PHILIPS BM7522
PHILIPS CT2007

All inclusive price

CROFTON ELECTRONICS = 01-891 1923
35 GROSVENOR ROAD, TWICKENHAM, MIDDLESEX TW1 4AD
SALES & SERVICE: P.0. BOX 6, KINGTON HRS 3SX. % LYONSHALL 557
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FEATURE

THE MAIN EVENT

... and, in the event, AT&T came and so did ETI — neither of us,
we're pleased to say, having been blown up. Andrew Armstrong
sends in a report from the British Electronics Week exhibition

here is a theory going round that less people are

- taking up electronics as a hobby than in days of

- yore. This is as maybe, but there is plenty of

expansion in the professional area. At this year's British

Electronics Week there were said to be about 1000

exhibitors. Certainly there were too many to glance at

properly in a day, a far cry from the time when the

show occupied a couple of rooms at the Grosvenor
House Hotel.

Nominally the show was divided into four sections:
The All Electronics Show, Electronic Product Design,
Circuit Technology, and Fibre Optics. The first three of
these were at Olympia, the last at Farls Court, with a
coach shuttle service between the two venues.

Due to lack of time and stamina | gave the Earls
Court part a miss. The Olympia part of the show was
very popular, and it was sometimes difficult to move
through the crowds. .

“If the show is a pointer to general trends, then |
would say that the use of surface mount technology is
steadily increasing, and is no longer quite so much of a
black art. It is, of course, almost impossible to use a
soldering iron on components on a surface mount
board, sothe ever-obliging manufacturers of assembly
equipment will sell you a rework station for a cost just
less than the national debt. This uses a very narrow
stream of hot air to melt and reflow solder to enable
individual components to be fixed or removed. It is
the surface mount equivalent of the soldering iron.

Custom and semi-custom ICs were also much in
evidence, with the inevitable accompaniement of a
large range of computer aided design facilities.

Another sign of the increasing complexity of silicon
technology was the profusion of static control
products. Nowadays ICs with very small conductor
areas can be damaged by an internal static discharge
caused b?l an external static charge, and yet continue
to work for some time before tﬁ
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and picks out one or salient points.

e inevitable failure

occurs. What may hai)pen, for example, is that a hole

is punched in an insulating layer, and some conductor
material is transferred into it. In use, ion migration
either reinforces the plated hole into a short circuit, or
breaks the damaged conductor.

A company called Hartley Measurements has
brought out a machine called the Autozap, which
simulates the effect of a static discharge caused by the
human body. This should permit reproducible evalua-
tion of the resistance of devices to static.

There were many other items of interest. There
were some very bright but tiny surface mount LEDs,
and some seven segment LED displays with a surface
mount driver chip on the back of the packages (see
last month’s News Digest). At a quick glance it looks
just like an ordinary seven segment display.

Allbatteries had a couple of interesting products —
excellent solutions on tﬁe prowl for problems. The
first is a range of solar power panels, the largest of
which is reputed to supply 14.8V at over an amp in
bright sunlight, and perhaps 200mA on an ordinary
British day! At £297 it is an expensive way to charge
up a car battery in a week or two, but it produces

enough power to be useful and may find applications.

in remote locations.
I think that they will sell far more of the new
rechargeable lithium batteries. These have double the
energy density of nickel cadmium cells, and have the
traditional lithium feature of low self discharge. They
are very new, and ‘handmade’, so they cost around
£10 each. When automatic machinery is in operation
and the price drops, | think NiCads will find it hard to
compete. The sale of primary cells may also be hit by
the effect of this and the environmental concern over
the disposal of used alkaline manganese cells.
Altogether the show was a ‘don’t miss’ event,
though these few words cannot begin to do it justice.

ETI
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Enquiries
We recgive avery large number of enquiries. Would
prospective enquirers please note the following
points: ’
® We undertake to do our best to answer en-
quiries|relating to difficulties with ETI projects, in
particular non-working projects, difficulties in ob-
taining|components, and errors that you think we
may hdve made. We do not have the resources to
adapt or design projects for readers (other than for
publication), nor can we predict the outcomeif our
projects are used beyond their specifications;
@ Where a project has apparently been construc-
ted correctly but does not work, we will need ades-
cription of its behaviour and some sensible test
readings and drawings of oscillograms if approp-
riate. With a bit of luck, by taking these measure-
mentsiou'll discover what's wrong yourself. Please

do not/send us any hardware (except as a gift!);

® Other than through our letters page, Read/
Write, we will notreplyto enquiries relating toother
types of article in ETl. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole; -
@ Wereceive alarge number of letters askingif we
have published projects for particular items of
equipment. Whilst some of these can be answered
simply and quickly, others would seem to demand
the compiling of alongand detailed list of past pro-
jects. To help both you and us, we have made a full
index of past ETI projects and features available
(see under Backnumbers, below) and we trust that,
whereyer possible, readers will refer to this before
getting in touch with us.

@ We|will not reply to queries that are not accom-
panied by a stamped addressed envelope (or inter-

“ national reply coupon). We are riot able to answer
~ queries over the telephone. We try to answer

promptly, but we receive so many enquiries that
this capnot be guaranteed. .

@ Bebriefand tothe pointinyourenquiries. Much
as we enjoy reading your opinions on world affairs,
the state of the electronics industry, and so on, it
doesnt help our already overloaded enquiries ser-
vice td have to plough through several pages to find
exactly what information you want. -

Subscriptions”

The prices of ETI subscriptions are as follows:

UK:- - £18.10 -

¢ £22.50 Surface Mail
$29.50 Surface Mail (USA)
£49.50 Air Mail

Department, Infonet Ltd, Times House, 179 The -

Marlowes, Hemel Hempstead, Hertfordshire, HP1
1BB (cheques should be made payable to ASP L£d).
Note that we run special'offers on subscriptions
from time to time (though usually only for UK sub-,

" scriptions, sorry). - N

“ETI should be available through newsagents, and
if readers have difficulty in obtaining issues, we'd
like tg hear about it. : - :

Backnumbers

Backnumbers of ET! are held for one'yearonly from
the date of issue. The cost of each is the current
cover|price of ETI plus 50p, and orders should be
sentto: ETI Backnumbers Department, Infonet Ltd,

Times House, 179 The Marlowes, Hemel Hemp-

stead, Hertfordshire HP1 1BB. Cheques, postal
orders, etc should be made payable toASP Ltd. We
suggeét that you telephone first to make sure there
are still stocks of the issue you require: the number

- is (0442) 48432, Please allow 28 days for delivery.

We would normally expect to have ample stocks

" of each of the last twelve issues, but obviously, we

cannot guarantee this. Where a backnumber pro-
vestobe unavailable, orwheretheissueyourequire

appeared more than a year ago, photocopies of

individual articles can be ordered instead. These
cost £1.50 (UK or overseas surface mail), irrespec-
tive of article length, but note that where an arti-
cle appeared in several parts each part will be
charged as one article. Your request should state
clearly the title of the article you require and the
monthandyearinwhichitappeared. Where an arti-
cle appeared in several parts you should list these
individually. An .index listing projects only from
1972 to September 1984 was published in the
October1984 issueand can be orderedin the same
wayas any othet photocopy. If youare interested in
features as well as projects you will have to orderan
index covering the period you require only. A full
index for the period from 1972 to March 1977 was
published in the April 1977 issue, an index for April
1977 through to the end of 1978 was published in
the December 1978 issue, the index for 1979 was
published in January 1980, the 1980/81 index-in
January 1982, the 1982 index in December 1982,
the 1983 index in January 1984, the 1984 index in

" January 1985 and the 1985 index in December

1985. Photocopies should be ordered from: ETI
Photocopies, Argus Specialist Publications Ltd, 1
Golden Square, London W1R 3AB. Cheques, postal-
orders, etc should be made payable to ASP Ltd.

Write For ETI

We are always looking for new contributors to the
magazine, and we pay a competitive page rate. If
you have built a project or you would like to write a
feature onatopicthatwouldinterestETI readers, let

ERVICE SHEET

us have adescription of your proposal, and we'll get -

back to you to say whether or not we'reinterested
and give you all the boring details. (Don’t forget to_,

give us your telephone number).

Trouble With Advertisers

So far as we know, all our advertisers work hard to
provide a good service to our readers. However,
problems can occur, and inthis event you should:
1. Write tothe supplier, stating your complaintand
asking forareply. Quote any reference numberyou
may have (in the case of uhsatisfactory or incom-
plete fulfilment of an order) and give full details of
the order you sent and when you sent it.

2. Keep a copy of all correspondence.

3. Check yourbank statement to see if the cheque
you sent has been cashed.

4. If you don't receive a satisfactory reply from the
supplierwithin, say, two weeks, write again, sending
your letterrecorded delivery, or telephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
notobtaina satisfactory response from the supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, but a letter from us can some-
times help to get the matter sorted out. But please,
don't write to us until you have taken all reasonable
steps yourself to sort out the problem.

K> 1C8c now has pin numbers 8,10and 9 (clockwise-.

We are a member.of the mail order protection -

scheme, and thismeans that, subject to certaincon-
ditions, if a supplier goes bankrupt or into liquida-
tion between cashing your cheque and supplying

the goods for which you have paid, then it may be .

possibleforyouto obtain compensation. Fromtime
to time, we publish details of the scheme near our
classified ads, and you should look there for
further details. ’

OooPS!

Corrections to projects are listed below and normally
appear for several months, Large corrections are
published just once, afterwhichanotewill beinser-
ted to say that a correction exists and that copies
can be obtdined by sending in an SAE. '

Infra-red Intruder Alarm (August, 1984)

Q11, VN10LK, should be either a VN10LM or a
VN10KM. R19 and R20 on Fig.5, p.59, should be,
R18andR19.R20ismissingand should besoldered
between Q6 collector and a suitable point on the
+ve rail, preferably on the underside of the board.
There are two C18s — the one on the upper left

" should be marked C17. C12 is missing. lEshould be

connected just below L2, from Q5 collector to the
track connected to R15, C8 and R13. Pads areavail-

able. The +ve on C8 is not marked: it should be -~ -

uppermost. It should also be uppermost on the
incorrectly marked C11.

Noise About Noise (July 1985) . :

InFig.5 on page 24, noconnection shouldbe shown .~

between the cathode of the diode and the negative "

“side of the 470u capacitor.

The ETI Activator (January, 1986) :
Several items were mssing from the parts list (p.34).

Resistors R33,93 and94areall T00K:R,7,45,46and * :  *
47 are all 1MO; R40'is'47k;'R80 is 100k. The list :

includes two R68's —.the'second (15k) should be
R88. There is no'R79.anywhere — for some reason,
the number was overlooked. Capacitor C17 is
missing — it should be 4p7 40V minelect. SW1 is
missing. It should be-a DPDT-push-button switch.
On the circuit diagram (p.32), the resistor between
C5 and pin 10 of IC2c.is R8, 10k. R82 should be
marked 2k7, R20 should be 39k, R21 should be 1k0 .
and the component between C10and R27 isa10k: -
resistor, R25 (not C25). Some of the IC numberings
do not correspond with

clockwise from the output, 14,12 and 13. The new. .

fromthe output). IC8aand 8bshould bé'éxchanged |

and the new.IC8a should have pins numbered 1,3 -

and 2 (clockwise from the output.). Likewise, IC8b
should have pins numbered 7, 5 and 6. R52 appears
twice on the overlay (p.34). The one connected to
pin 6 and IC2 should be R11. The parts list and cir-

cuit diagram includes two resistors (R27 and 67) . -
“specified at 14k each. 15k is the nearest preferred -

value, although you might prefer to use a 12k fixed

+ and 4k7 trimmer in series to adjust for optimum

setting. . :

Digibaro (February 1986) S B
Capacitors C1, C3, C5'arid C7 should be 470u 25V . -
types as shown on the circuit diagram, not47u 25V.
types as stated in the parts list. We have also been

" told that one of the:corpanies mentioned in

Buylines, Hawke Electronic 'longer supply the -
MPX100a pressure transdticet: The other company -
recommended, Macro Marketing, should still be
able to help. o : o

LEDS on Fig. 7, page 28, the component overlay, is
shown as having 16 pins. It should have 18 pinsand
be extended rightwards to-thé two pads shown. In
the author's prototype the LED displays used were
both MAN6710 2-digittypes, LED4 having pins 16,
17 and 18 removed. o .

RS232-Centronics Converter (March, 1986) .
Onthe circuit diagram (Fig. 2, p.53), pin 11 of IC2d |
should be marked pin 13. Pin 10 of IC3-is missing -
and should be shown connected to ground. Pin 9 of
IG7fbecomes pin 8 and vice versa. Also, in Table 1,
the figure '8’ in column SW1b should beazeroand
the '8’ belongs in“the 'DATA -BITS" column. The . -
specification of 7415121 and 741507 is wrong,
since LS types do not exist for these devices. They
should bereplaced with standard TTL. Finally,some
confusion seems to have been generated over
XTAL1. Although not mentionedinthetext,asimple
calculation should demonstrate that XTAL1 needs
to be 6.144 MHz to produce the baud rates
shown, T C :
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the PCBoverlay. IC8d and
. IC8cshouldbe exchangedand the pin numberson « -
the new 1C8d and on’IC1d and 2d should read, .
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' The foil pattern for the Direct-lon board.
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The foil pattern for the Moving coil stage of the Upgradeable Amplifier.
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_PCB FOIL PATTERNS

The foil pattern for the -

Digital Sound Sampler PSU. | ‘
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READER’S SERVICES

Subscription Order Form

" To: ETI Subscriptions Department, Infonet Ltd,

n Times House, 179 The Marlowes, Hemel Hempstead,

- Herts HP1 1 BB.

| Please commence my subscription to Electronics Today
1 International. | enclose a cheque*/PostaI Order*/Interna-
\ tl(s)naH fg\oney Order* for the appropriate fee, made out to
4 ASP Lt

| Please debit my Access*/Barclaycard* account number

ﬂmmmmmr*';:""r’ﬁmmrﬂmmmmrﬂmmmmmmmmmmmmmmmfﬂ—mmmmmm

ti
{ - Binder Order Form i
- To: ASP Readers’ Services, PO Box 35, Wolsey House, i
! Wolsey Road, Hemel Hempstead, Herts HP2 4SS. i
ki :
r Please SENA ME.uivviiiieiiiiir e e binder(s) for ETI. i

| enclose a cheque*/Postal Order*/International Money
Order* to the value of £5.20 per binder ordered, made
] out to ASP Ltd (* please delete as appropriate).

oy ey

s}

SEEEEEEEEEREEEEEE © Total money enclosed £........coecreinecremosminsssserissonnins [l
s i/ PLEASE COMPLETE YOUR NAME AND ADDRESS IN
IBNALUIE ..iiiiiiiiiiiiiiiirieeiiireniressineesnnessiimesenenerssaesnnns " BLOCK CAPITALS
- (* delete as appropriate) n Years required: 198...... 198...... 198...... 198......
s Please indicate subscription required and fee v
1 enclosed (] NBME ottt st ss e sessses
1 UK & Rep of Ireland: £18.10 O fl
. Overseas (Acclerated Surface Post) £22.500 i AATESS 1rvvvvvissirinnnissssnsss s fl
[l USA (Accelerated Surface Post) $29.50 O - i
E‘j Oversleas air mail: £49.50 O 5 T T P T P T PP PP PR TTRPIITTTPISPITR: P;
[l PLEASE COMPLETE YOUR NAME AND ADDRESS B ‘
n IN BLOCK CAPITALS N [
E’z NAME (oo [ et 0
E Addl‘eSS ........................................................................ Ei PLEASE INCLUDE POSTAL CODEASAPPROPRIATE :
g """"""""""""""""""""""""""""""""""""""""""" 1 Date oﬁordberdhf ................ s i
SR T T P P PR R PP R P PP PP P PP PR PR T PP RTINS r; Note t at Inders Cost t e same for UK an OVerseaS, ]
ki gﬁé%’}@éﬁ/BE POSTAL CODEASAPPROPR’ATE t: overseas orders will be send by surface mail. Ej
.............................................................. i |
fj THIS COUPON IS VALID UNTIL 30th June 1986 F THIS COUPON IS VALID UNTIL 30th June 1986 r
Lﬂmﬂﬂmmmmmmmm‘“ﬂmmmmmm—;!ﬂmmmmmmmﬂmmmm@mmmmmmr?7
n Backnumber Order Form I Photocopy Order torm .
p Jo: ETI Backnumbers Department, Infonet Ltd, [ To: ETI Photocopies Department, 1 Golden Square, i
N Times House, 179 The Marlowes, Hemel Hempstead I London W1R 3AB. Il
Herts HP1 1BB - . . .
g I h th : |
fl Please supply me with the following backnumber(s) of ETI [ Please supply me with the foIIowmg. photocopies [
1 n Month.......... Year.......... Article ........... i
B MONth v, YEar..cviveerrireernversessineasnes i
n IR R P PR R R PR PP PRI PageNo ......... !
i Month ..ccoveninniennrncninnens YEaAr .vevvvrerenrenirisreseniesanne N Month.......... Year.... .. ... Article . E
BoMonth .o (=1 ORI TR PageNo ......... lﬁ
L on - . [
f 1 enclose cheque*/Postal Order*/International Money Tick box if you req‘:"e INDEX (Cos*t £1.50) N n
[ Order* to the value of £1.60 per magazine ordered, - | enclose cheque*/Postal Order*/International Money i
[ made out to ASP Ltd (* delete as appropriate). [ Order*tothevalue of £1.50 per photocopyordered, made L
(‘ N out to ASP Ltd (* delete as appropriate). R
¢ Total Money enclosed £.......cowriurrvreesieererercrsenssisorsarnns : .
Il PLEASE COMPLETE YOUR NAME AND ADDRESS IN |1 Total money enclosed S H
" & BLOCK CAPITALS [ PLEASE COMPLETE YOUR NAME AND ADDRESS IN [l
% o BLOCK CAPITALS i
1 NBME e e s s : )
i a , [ NBME ettt bbb sassstsres s sasse e ss s seenenesesaas f
1 AATESS 1ovvvveeereeee e vresee et resoress i b
fl n AQAIESS ...ovineerirerreieerieesiese e ere sttt sre s be st et bsre st resae i
1 i ,
e i
i [} o ;
[ rr——" P, ~
. i T I
H s n—" 2[R OOO OSSOSO i
Erj PLEASE INCLUDE POSTAL CODE AS APPROPRIATE ? PLEASE INCLUDE POSTAL CODE AS APPROPRIATE P
L DALE OF OFCT e, . Date of Order......ovuvieiiiiicenecc e
I' Note that the cost is the same for orders from overseas as Il Note that the cost is the same for overseas orders as for UK iﬂ’
' for UK orders; overseas orders will be sent by surface mail. [] orders; overseas orders will be sent by surface mail. i
" PLEASENOTETHATBACKNUMBERSAREHELD FORONE f PLEASE REMEMBER TO INCLUDE MONTH AND YEAR |]
| YEAR ONLY AND SOME ARE NOW OUT OF STOCK. + WHEN ORDERING. i
i THIS COUPON IS VALID UNTIL 30th June 1986 t THIS COUPON IS VALID UNTIL 30th June 1986 ﬁ
r.:zmmﬁTﬂmmrﬁ;"mmmmmrﬁWmmmm ﬁmmmmmmmmmmmmmmfﬁmmmﬂ
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SUPER HY-LIGHT STROBE KIT

Designed for Disco, thestrical uses, etc.
Approx. 16 joules. Adjustable speed. Price £45 ¢ £2 p&p (Total inc.
VAT £54.05; Case and reflector price £17 + £2 p&p (total inc. VAT
£21.95).Foolscap SAE for further details including Hy-Light and
Industrial Strobe Kits.

ULTRA VIOLET BLACK LIGHT

FLUORESCENT TUBES
41140 wart £10.44 (£1200 inc VAT)

|20 watt £7.48 ¢ £125 p&p (£3.99 nc VAT) X
18in| 15 watt £5.00 '+ 75p p&p (£8.61 inc_VAT)
13| 10 watt £4.00 1 75p p&p (£5.46 inc” VAT)

120 8 watt £360 + SOp p&p (4.1 inc VAT}
Hn 6 watt £3.80 + SOp p&p (E482 inc. VAT}
S 4 watt £380 + S0p p&p (£4.82 inc VAT)
230V AC BaMast Kit for either 6in. 9in or 12in tubes £5.50 n&p 55p
({£6[96 inc. VAT)

Fod 13in. & 18in. Tubes £6 p&p 75p (£7.76 inc. VAT).

Forl 12V DC op. 12in & 13in. tubes only £5.50 p&p 75p {£7.18 inc.

VAT)
WATT SELF-BALLASTED BLACK UGHT MERCURY BULBS.
Available for either B C or E S fitting, price £14 + p&p £1.25 (total inc

VAT £17.54)
400W UV LAMP & BALLAST complete — £56.B0 + £3.50(69.35in-

1 VAT)
400W UV LAMP only, £2B + p&p £2.50 (£35.9B incl VAT)
[ROBOT ENTHUSIASTS

ESCAP precision Swiss-made ironless rotor, 6V DC geared Motor
with 70-1 gearbox. 6V DC — 16 r.p.m. 3V-Br.p.m. amazing

pdwer; no load current; only 10 Tia. approx. Size: 4 x 24cm. Ex-
3 i . tested and g d. ONLY £4.50 + 50p p&p (total
[iné. VAT £5.75).

SOLID STATE RELAY

Single make will switch up to 250V. A.C. 10 amps. Recommended

operating voitage 8-28V. D.C. but will work at less than 5V D.C. silent, con-

tactiess. opto isolated. Suitable for use with T.T.L. Logic for switching mains
i + 45p

N.MS,

voltage. Mfr. by Teledyne. Offered at fraction of mfrs. price: £3.00
{totalinc. VAT £3.97).

MICRO-SWITCH .
Button type 10amp c/o contacts. £6.90 for 10 post paid. inc. VAT.
VORTEX BL(

Powerful multi-stage dynamically balanced totally enclosed rotors,
1VZin. intet and outiet, 110V AC. £22.00. Switchable transformer for
240V AC £8.00 p&p £3.00 — total £34.50 inc. VAT.

CENTRIFUGAL BLOWER
2 AC powerful 1/50 h.p. 0.23A motor. £18.00 + £2.00 p&p - total
inc| VAT £23.00. NMS.  °
12/24V DC CENTRIFUGAL BLOWER - s —
0.4A producing 30 cu.ft. £7.50 + £1.00 p&p — j
total inc. VAT £9.78. NM.S.

ING or EXTRACTOR FAN

Quiet smooth running. Size 4¥4xa¥ax11/2.
Supplied for 240V AC operation. Price £5.75
+ £1 p&p — totalinc. VAT £7.75N.M.S. \

S
240V. A.C. SOLENOID VALVE. Designed for Air/Gas at
0.7. Water 5 psi. Inlet-outlet . Forged-brass body.
Manuf. Dewraswitch Asco. Price: £6.50 + £1.00 p&p.
(£8.63 incl. VAT)

Ample parking space
Showroom open

Monday-Friday @

INPUT 230, 240V a.c. 50/60 OUTPUT "-753V
200W. 1A ]Max. g;zgg N «
0.5KVA212A Max. £3100 " ,:

1KVA 5A Max

2KVA 10A Max £45.00
3KVA 15A Max. £59.00
5KVA 25A Max £105.00
10KVA 50A Max. £190.00 L
£285.00

15KVA 75A Max

All V.V.Ts plus carriage and VAT
3-PHASE VARIABLE VOLTAGE TRANSFORMERS
Dual input 200-240V or 380-415V. Star connected

3KVA. 6KVA. 10KVA. available. Phone for details.

Comprehensive range of TRANSFORMERS L.T. ISOLATION & AUTO
{110-240V). Either cased with American socketand mains lead or open
frame type available for immediate delivery. Leaflet on request.

ISPECIAL OFFER: Brand new Safety Isolation

Transformers. Primary 0-104-11-129-V.
0-104-110-120V. Secondary 0-104-110-120V.
0-104-110-120V. 2KVA @ £40.00. 3KVA @ £60.00,
4KVA with 0-110V, Secondary only @ £80.00 +Car-
riage and VAT. 'Phone for further details.

SINGLE DIAPHRAGM COMPRESSOR NMS
Max. 20 PSI. One CFM 3pprox, 240 volts A.C. £18 + £2 g&p (£23 inc. VAT).

EPROM ERASURE KIT :

Why waste money? Build your own EPROM ERASURE for a
fraction of the price of a made-up unit. Complete kit of parts less
case 10 include 12, 8 watt 2537 Angst. Tube. Ballast unit, pair of
bi-pin leads, Neon indicator, safety microswitch, on/off switch
and circuit.

LESS CASE: Price £13.60 + 75p p&p (Total inc. VAT £16.50).
Waming: Tube used in this circuit is highly dangerous to the
eyes. Unit must be fitted in suitable case. .

12V D.C. BILGE PUMPS
400 G.P.H. 15h. head, 3amp. £8.00 +

£1.00 p&p

{£10.35 inc. VAT). S
700 G.P.H. 10ft. head, 3.5amp, £1150 + £1.50 p&p é
(£14.95 inc. VAT). : pE- +JL
1750 G.P.H. 15ft. head, Samp, £15.00. + £1.75 p&p .
(£19.26 inc. VAT). -
FROM STOCK AT PRICES
THAT DEFY COM
AC GEARED MOTORS C.F. BLOWERS
DC MOTORS SMALL AC CAPACITORS
MICROSWITCHES STROBE KITS
RELAYS FLASHTUBES
REED SWITCHES CONTACTORS
SOLENOIDS AC. or D.C. SYNCHRONOUS
PROGRAMME TIMERS | MOTORS
WIDE RANGE OF XENON TUBES
WRITE/PHONE IN YOUR ENQUIRIES

A.C. CAPACITOR. 16Ut 900V. A.C. 50/60Hz._ideal
power factor correction, etc. 93 x 6 x 4} ins. Wt. 71Kg.
Price: £12.00 + £3.00 p&p. {(£17.25 incl. VAT).N.M.S.

N.M.S.
s E RVI c E I R AD I N G co Personal callers only. Open Saturdays
9 Little Newport Street

57 BRIDGMAN ROAD; CHISWICK, LONDON W4 5BB. Tel: 01-995 1560

ACCOUNT CUSTOMERS MIN. ORDER £10

Superior Quality Precisisn Made

—
VARIABLE VOLTAGE TRANSFORMERS

NEW POWER RHEOSTATS §

Black Silver Skirted Knob calibrated in Nos 1-9, 112in. dia. brass bush.
Ideal for above Rheostas 30p ea. + VAT,

{Total inc. VAT £39.68)

New ceramic construction, heavy duty brush
assembly, continuously rated

25 WATT 5/10/25/50/100/150/250/300/500/1k(2
1.5kQ £4.25 + 30p p&p. (€5.23 incl. VAT).

50 WATT 2500 £6.50 + 50p p&p (£8.05 incl. VAT).

100 WATT 1/5/10/25/50/100/250/500/1kQ/1.5kQ/2.5k2/3.5kQ
£10.25 + 75p p&p (12.65 incl VAT)

INSULATED TESTERS NEW!
> Test to LE.E. Spec. Rugged metal construction
suitable for bench or field work onstant speed
clutch. Size L 8in, W 4in.. H 6in. weight 6lb.
S00V. 300 megohms. £49 p&p £2 (£58.65 incl.
. VAT). 1000V 1000MQ £55 + p&p £2 (£65.55 incl.
res VAT) SAE for leaflet.

!

~
L.T. TRANSFORMERS

“Special Offer” 0-6.3v-0-6.3V at 10 Amp (12V 0 10 Amp or 6V at 20
Amp) Price £9.00 p&p £2.00 - inclusive of VAT £12.65 NMS.

GEARED MOTORS

5 rpm 200V AC Mt by Carter, £6.05 £1 p&p (£8.11 inc_VAT) NM S

20 rpm 115V AC Synchronous, torque approx. 80ib/in £20.00 + £4 p&p {Total inc
VAT £2760) NMS

TRANSFORMER 240V operation, £9.15 + £200 p&p (Total inc VAT £1282)

28 rpm Torque 20ib.n. reversible (/80th hp 110V AC Price’ £9.50 + p&p £180
(Total inc. VAT £12.98)

Suitable TRANSFORMER for 230-240V AC operaton Prce £520 + p&p £140
(Total inc. VAT £758) NM.S )

38.8 rpm GEARED MOTORS Torque 350b.in. reversible 115V AC inc. start
capacity. Price: £11.55 + p&p £2.00 (Total inc. VAT £15.58). N.M.S.

S:l}:ble TRANSFORMER 230V AC operation. Price £5.20 + 50p p&p (£6.561ncl.

VAT)
100.7 rpm 65Ib in reversible 115 volt AC price £30.00 p&p £4.50
Suitable TRANSFORMER for above £10 p&p £1.50 (£1322 inc VAT)

ST rpm 240V 1/22 hp continuously rated REVERSIBLE SOib.n manuf by
Wynstruments New. Ideal for garage doors. curtains etc ONLY £12.00 + £200
p&p lincl. VAT £16.10). inclusive capacitor
1 rpm Torque 10Ib.in. reversible 1/70th h.p 110V AC motor Price: £9.50 + £180
p8p (Total inc. VAT £12.99)
Sudable FORMER for 230-240V AC operation. Price. £520 + p&p £140
(Total inc. VAT £1.58) NMS
24V 0C 200 rpm 1 01b/in M1, by Carter. Ex-equip. tested. £8.00 + £1.50 p&p (Total
inc. VAT £10.93).

AC SYNCHRONQUS, 2 rpm, 6 rpm, 6 rev per day Any type £4.80 + SOp
p&p (Total inc. VAT £6.10).
CHECK M

R .
gm AC 40 amp, fully reconditioned £7.50 + £1.75 p&p (Total inc. VAT
SANGAMO WESTON TIME SWITCH
Type $251 200/250 A.C. 2 on/20ff every 24 hours. 20 amps contacts with
override switch. Diameter 4"x3°. Price £9.50 + £1.50 p&p (12.65 inc. VAT &
p&p). Also available with solar dia R&T. Dther types available from stock.

NMS. acturers’ Surplus
R&T Reconditioned and tested .
Goods normally despatched within 7 days.

London WC2H 7JJ
Tel: 01-437 0576

ALL THE LATEST FASTEST MEMORIES NOT TO BE
CONFUSED WITH SLOWER OLD STOCK OFFERED
ELSEWHERE

DRAM EPROM

5v NMOS 150nS 5v NMOS 250nS

4164 64K x 1 2716 2K X8 ..oeeeennn.. £2.90
41256 256k * 1 2732 4K X8 .oieiiii.... £2.70
4416 16k x 4 2764 BK X8 .iieien... £1.90
41464 64k x 4 27128 16K X 8 vvvvvveenen £2.45
SRAM 27256 32K X B ..vuvunnnn £3.85
54 CMOS 150nS 5v CMOS 250nS

B116 2K X Bvenrnennennnn £140 27C64 BKXB....... ....£8.50
264 BK X B.errnennnnnn £275 27C256 32Kk X 8 ......... £15.00

EX - EQUIPMENT MEMORY BARGAINS
Guaranteed UV Ergsed, Cleaned and Tested

2732 4k x 8 EPROM £1.50
2764 8k x 8 EPROM £1.50

4116 16k x 1 DRAM 60p
2716 2k x 8 EPROM £1.50

LINEAR BARGAINS

TLO72CP...... 50p NE555 ........ 19p
Tlr074CN ...... 80p LM311P....... 39p
TIT.082CP ..... 40p LM324........ 39p
TLOB84CP ..... 85p  LM348N....... 39
REGULATORS
7812 .. .oieintn 35p  78MI12 ........ 35p

10%
ISCOUNT

POST FREE

RDERS UNDER £25 ADD 15% V.A.T. PLUS 50p P&P.
VERSEAS ORDERS WELCOME ADD £2.00 P&P TO ALL

RDERS (NO V.AT.)

MOS,
ONTROLLERS, ETC.

PHONE OUR 24 HOUR SERVICE 0933 626420

FROM LARGE STOCKS

BEST PRICE DEVICES

LM358 p
SN75154N ... 95p
OPO7CP ...£1.00

LM337

ON ORDERS OVER £25
REGARDLESS OF MIX
PLEASE ADD 15% V.A.T. SENT

SEND LARGE S.A.E. FOR LISTS OF 74HC CMOS, 4000
MICROPROCESSORS & PERIPHERALS, DISK

TECHNICAL ADVICE, DATA SHEETS, ETC. A PLEASURE

ALL ORDERS DESPATCHED BY RETURN

MICROKIT LIMITED

..... £1.00

Buzzer, Battery Test Scale
19 measuring ranges

20 measuring ranges

16 measuring ranges

Please add 15%
for VAT and
60p for p&p

J with each model.

HM-102BZ — 10ADC Range, 20kQ/VDC,
£1250

HM-102R — Low end voltage & current
ranges, Jack for Audio o/p voltages ... £11.00

HM-1015 — Rugged, Pocket sized meter,
for general pUTPOSE USE ......ocovvrrrrrrners £7.50

Battery, Test Leads and Manual included

AFFORDABLE ACCURACY

Quality Multimeters from

Cirkit

irkit

comprehensive
range of

Analogue and
(Pushbutton or

Rotary
Switched)
Digital Models
DIGITAL
HC-7030
AAAAAAAAAAAAAAAAAAAA 0.1% Accuracy. Standard Model ......... £3950
HC-6010
0.25% Accuracy. Standard Model ... £33.50
HC-5010T
0.25% Accuracy. TR Test Facility ... '£3950
DM-105
.. 0.5% Accuracy. Pocketable .........coee £2150

All models have full functions and ranges and
feature: 3'/, digit 0.5" LCD display — low battery
indication — auto zero & auto -polarity — ABS
plastic casing — DC AC 10amp range (not
DM-105) — Overload protection on all ranges —
battery, spare fuse, test leads and manual

Full details and specification from:

Cirkit Distribution Ltd

Park Lane, Broxbourne, Herts, EN10 7NQ
Telephone (0992) 444111

Telex 22478

N
VISA
S

EN

TRADE ENQUIRIES WELCOME

! MANOR PARK RAUNDS NORTHANTS NN96PD
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CHANNEL

For many months’ now | have re-
frained from making comment
about GEC’s proposed takeover
of Plessey. Both management
and employees of Plessey are
totally.opposed to the takeover,
and have referred it to the
Monopolies Commission in an
attempt to prevent it. The main
argument against making com-
ment is that whatever | write
takes $0 long to come into print
that it would be out-of-date
before the reader sees it. This is a
very real problem with someth-
ing as volatile as the GEC/Plessey
affair. However, it has been drag-
ging on for so long that | can re-
frain no more.

Plessey’s argument against the

takeover relies on. the fact that

the company’s acquisition will
give GEC a monopolistic control
ofthe market. But,as| amsurethe
Commiission already knows, it
won’t. There are other com-
panies, albeit much smaller,
which: design, manufacture and
market. similar telecommunica-
tions products — all of which are
in direct competition with the

likes of GEC and Plessey. So the
argument against a monopoly
(which is why the bid was re-
ferred to the Commission in the
first place) falls down almost
immediately. .
-The Trades Unions stanc

againstthe takeoverseems, in my
view, a much more logical argu-
ment, on the other hand. The
EETPU suggeststhat the takeover
cannot give any increase in organi-
sational efficiency and that the
proposed single organisation will
be so large that it will actually be
less effficient. The Union is also,
understandably, against the take-
over on the grounds that a large
number of job cuts will probab-
ly result.

However, the main function of
the Monopolies Commission in
this argument is to decide
whether GEC would become a
monopoly-holding company if
the takeover comes about. As |
said earlier, it won’t — therefore
the Commission has no alterna-
tive but to overrule Plessey. Or
does the Commission know

different?

Band il

While the topic is on GEC, |
should mention the new Band Il|
national trunked radio network
which is due to be brought into

service in about seven or eight
months’ time. There are only two
operators for the network: GEC
and a consortium including Pye,
Racal and Securicor. Detailed
planning is not yet complete and
no-one knows how it will work,
but already there would seem to

‘be a problem regarding the

amount of radio spectrum allo-
cated for the service. The opera-

tors, led by GEC, want more, but -

the Government won't let them
have it.

But be fair. There is only a
limited amount of radio spec-
trum, and it's not everyday that a
significant portion of it becomes
available as this portion did (the
old VHF television frequencies).
And other users want their bits,
too. GEC will just have to make do
with Plessey instead (that's if
I'm right).

Data Day

In just over a year's time the
BBC will start to transmit data
signals along with regular broad-
casts. These signals will not inter-
fere with your pleasure when
tuned to Radio4’s Afternoon Play
and, in fact, may help to improve
your reception! The signals will
include information about the
frequencies being used for
broadcast purposes, stationiden-

tification, and what's being
broadcast on other stations.

All of this information is not a
lot of good for your average
tranny, of course, and it will only
be a new generation of ‘smart’
radios which will be capable of
receiving and using it. The idea is
that, by decoding and using the
information, the smart radio will
be able to stay tuned to a par-
ticular station by itself, receiving
the strongest transmission and
hence giving the best sound out-
put. This, | hearyousay, isnotalot
of good to your average tranny
which, under most cir-
cumstances, sits in one place
tunedonlytoonestation anyway.

On the other hand, and this is
the clever bit, radios in cars will
certainly benefit. As a car moves
around, so does the frequency at
which best reception of any par-
ticular station will occur. A smart
car radio will be able, by decod-
ing the data signals, to follow the
strongest transmission and give
the best reception. Also, the user
will be able to choose the type of
programme received: the radio
will pick out and automatically
tune to, for example, weather
announcements on other
stations.

Wonderful stuff, this technology.

Keith Brindley

PLAYBACK

For many years, preamplifiers have
beendesignedtoacceptflat’line’
inputs; from tuners and tape
decks at around 100-200mV.
After the volume and balance
controls, further amplification
raises the signal to about 1 volt,
enoughi to drive the power amp-
lifier. With discasthe main sound
source and the cartridge needing
amplification from a very low
level, the need to drive a power
amip directly from a tape deck or
tuner never arose.

ThenalongcomesCD, itsaudio
output level of around 2V being
more than enough to drive power
amps directly. To avoid losses in
sound quality from active pre-
amps, the passive preamp is
created. As many modern power
amps have extra sensitivity, and
tuners and tape decks extra gain
to cover matching errors it has
proved possible to connect a
whole| system (without a turn-
,table) .using only a passive pre-
amp — just volume control,
switches and input and output
sockets.

So why do CDs have such a -
high output? Presumably a high -

output: enables much better sig-
nal toroiseand distortionfigures.

ETI JULY 1986

A thing of ther past?

The use of digital circuitry in
audio applications is more likely
to increase than disappear, and
manufacturers are not likely to
change their output levels if this
degrades performanceorif DtoA
convertors work at that level. We
cannot really accept two com-
pletely different line input levels
to amplifiers with. the pre-to-
power level roughly halfway in
between. .

It is now time to standardise.
Modern hi-fi systems do not
require tone controls so it makes
sensetoarrangeall high level out-
putssothatthey candriveapower

amp directly using only-a volume
control and switch, Where tone
control is needed, a graphic
equaliser will do a better job.
Avoiding an additional active
gain stage saves on preamp
powersupply costs and gives bet-
ter sound quality.

Why not go one stage further?
Why notinclude all the parts of a
passive preamp in the power
amplifier. The savings in preamp
case and cable could either be
passed on to the purchaser or
used to improve sound quality.

But what of the analogue disc

user? A preamp will always be

needed to provide RIAA equalis-
ation and to raise the signal to

‘line’ level. The opportunity is

there to provide specialised disc
preamps to go with theturntable.
Or why not inside the turntable
where the use of balanced input
amplifiers would provide such
benefits as low radio inter-
ference, etc. And one less well-
finished box is required!

These developments seem
logical, and would improve per-
formance and save ~money.
Whether or not they take place
remains to be seen. -

Graham Nalty
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ELMASET INSTRUMENT CASE

300x133x217mm deep

REGULATORS
LM317T Plastic T0220 variable
LM317 Metal
7812 Metal 12v1A
7805/12/15/24 plastic
79805/12/15/24 plastic .....

B80p 1000 + 16p
. 80p 1000 + 17p

New £3.80 10+ £2.60

£2.80 Used £1.80
£2 100+£1
£2.80

61162 (TC5517AP-2)

POWER TRANSISTORS

2SC1520 sim BF259.... 3/£1100/£22
2SD7p4 8im BD131.

TIP141, 142, 147£1 ea, TIP11

TIP35B £1.30 TIP35C
SE9302 100V 10A DARL SIM TIP121..
2N3055 Ex eqpt tested

Plastic 3055 or 2955 equiv 50p
2N3773 NPN 25A 160V £1.80

DISPLAYS

Futaba 4 digit clock, fluorescent display 5-LT 16
£1.80
Futafra 8 digit calculator, fluorescent display 8CT-
01-3L £1.50
Large LCD Clock dispiay 1" digits...

7seg 0.3" display comm cathode 2/£1.00

QUARTZ HALOGEN LAMPS

A1/216 24v 150w £2.28
H112v 55w (car spot) £1.28

MISCELLANEOUS

FX2243 POT CORE & BOBBIN ....£1.80
FX2243 POT CORE & BOBBIN i 5/81
Linear hali effect IC Micro switch no 613 554 51M RS
304-267 £2.80 100+£1.80
OSC|LLOSCOPE PROBE KIT X1X10

Micro-switch no 613 SS4 sim RS 304-267

Cheap phono plugs 100/£2 1000/£18
Ipole 12 way Rotary switch . . 4/E1
Audip Ics LM380 LM386 .£1ea
Coax plugs .73 ]
4x4 MEMBRANE KEYBOARD .. .£1.80
INDUYCTOR 20uH 1.5A .. 5/81.00
COAXPLUGS 8/£1.00
15,000 F 40v £3 (1.50)
NEW|BRITISH TELECOM PLUG+LEAD .£1.80
1.25"|Panel Fuseholders 5/£1.00
MAIB‘JS ROCKER SWITCHES 6A SPST...

STAINLESS STEEL HINGES 14.5" BY 1" OPEN £1.00
each 10/£7.00
MAINS TRANSIENT SUPPRESSORS 245v.... 3/£1.00
TOK| KEY SWITCH 2 POLE 3 KEYS - ideal for
car/home alarms .. £3£100+ £2.00
12v 1.2w small wire ended lamps fit AUDI/VW TR7
VOLYO SAAB
12v MES lamps
Large Heat shrunk sleeving pack...
PTFE sleeving pack asstd colours
250 mixed res diodes, zeners....
Mixed electrolytic caps

Stereo cass R/P head
PCB|Mono head £1, Erase head

-.10/£16.00

62

2k510k 26K 1M Lin

KEYTRONICS

332 LEY STREET, ILFORD,
ESSEX IG1 4AF
Shop open Mon-Sat 10am-2pm
TELEPHONE: 01-553 1863

Thermal cut-outs 50', 77*, 85, 120 C..
Thermal fuse 121'C 240v 15A

Vero pins fit0.1” Vero ...

T0O220 Micas + bushes 10/50p
TO3 Micas + bushes
RELAYS "240v AC coll
changeover£1 3 polec/o
Fig. 8 mains cassette leads
KYNAR wire wrapping wire 20z reel.
PTFE min. screened cable

TOKIN MAINS RFI FILTER 250v 15A .
|EC Chassis plug/rfi filter 10A....
Mercury tiit switch small

Min. rotary sw. 4p c/o 1/8" shaft .
Thorn 8000 TV audio o/p stage

10m7 CERAMIC FILTER 50p ...

6m or 9m CERAMIC FITLER 50p

240v AC FAN 4.6" SQUARE NEW
240/115v AC FAN 4.6" SQ. NEW
BELLING-LEE 12-way block L1469
POTENTIOMETERS short spindle

.. 5/£1.00
.. 200/£1.00
.. 100/£2.00
20/e1
PCB mounting 2 pole

. 3/£1.00
. 10m/£1.00

. £3.00

. £1.00

. 2/€1.00

. 2/£1.00
100/£20.00
100/£206.00

. £8.80 (£1.60)
. £7.00 (£1.60)
4/£1.00

5/€1

500k lin 500k log long spindle

40KHZ ULTRASONIC TRANSDUCERS EX-EQPT,
NO DATA PAIR/£1.00
STICK-ON CABINET FEET ... 30/€1.00
T03 TRANSISTOR COVERS.... ... 10/£1.00
TRANSISTOR MOUNTING PADS TO05/T018 "£3/1K
DILREED RELAY 2 POLE N/O CONTACTS..... £1.00
ZETTLER 24V 2 POLE c¢/0 relay 30x20x12mm sim RS
348-649 £1.80 100+£1

RECTIFIERS

120v 35A stud

12FR400 12A 400v small stud
BY127 1200V 1.2A
BY254 800v 3A
BY255 1300v 3A
1A 800v bridge rectifier....
6A 100v bridge
10A 200v bridge
15A 100v bridge
25A 200v bridge £2.00 ea
25A 400v bridge £2.50

SCRs

ACOVBFGM 800mA400v TO-92 Triac
MCR72-6 400v

10/£1.00
8/£1.00
6/£1.00
..4/£1.00
80p
£1.80
£1.80
. 10/£18.00

10/£22.00

- 35A 600v stud

2N5061 800mA 60V T092
TICV106D .8A 400v T092 3/€£1.
MEU21 Prog. unijunction

TRIACS diacs 25p

TXAL225 8A 400V 5mA gate 2/£1.00 ........... 100/£35.00

OONNECTORS (EX EQPT. price per pair)
Centronics 36way IDC plug ... . £4 10+£3.80
Centronics 36way IDC skt .. £4.80
Centronics 36way plug (solder type)

‘D’ 8-way £1; 15-way £1.50; 25-way

37-way £2; 50-way £3.50; covers 50p ea

WIRE WOUND RESISTORS
W210rsim2.5W100F ONEVALUEFOR

R47 1R02R02R7 3R95R0 10R 12R 15R 18R 20R 27R 33R
36R47R 120R 180R 200R 330R 390R 470R 560R 660R820R
910R

1K 1K15 1K2 1K3 1K5 1K8 2K4 2K7 3K3 10K

ROS5 (50milll-ohm) 1% 3watt . 4for£1
W22 or sim 6 watt 7 OF ONE VALUE for....

R47 1R5 9R1 10R 12R 20R 33R 51R 56R 62R 120R 180
270R 390R R47 560R 620R 1K 1K2 2K2 3K3 3K9 10K
W23 or sim 9 watt 6 OF ONE VALUE for

R22 R47 1RO 3R0 6R8 56R 62R 100R 220R 270R 390R

100/£18.00
.. 3/£1.00

" 2u220v-8/£1

MIN CASH ORDER £3.00
UNIVERSITIES COLLEGES SCHOOLS GOVT DEPARTMENTS
MIN. ACCOUNT ORDER £10.00

P&P AS SHOWN IN BRACKETS (HEAVY ITEMS)
65p OTHERWISE (LIGHT ITEMS)

"ADD 15% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH

680R 1K 1K8 10K .
W24/ sim. 12 watt 4 OF ONE VALUE for .. .. £1.00
R50 2RO 10R 18R 47R 68R 75R 82R 150R 180R 200R
270R 400R 620R 820R 1K

PHOTO DEVICES
Slotted opto-switch OPCOA OPB815
2N5777 50p
TIL81T018 Photo transistor
TIL38 Infrared LED
OPI2252 Opto isolator
Photo diode 50p .
MEL12 (Photo darlington base n/c)...
RPY58A LDR 50p ORP12 LDR..

LEDs RED 3mm or 5mm 12/£1...
GREEN or YELLOW 3 or 5mm 10/£1
FLASHING RED 5mm 50p

DIODES
1N4148
183740 Germanium
1N4004 or SD4 1A 300v ,..
1N5401 3A 100V
BA157 1A 400V Fast recovery
BA159 1A 1000V Fast recovery ....

MULTI TURN PRESETS
10R 20R 100R 200R 500R
2K 5K 22K 50K 100K 200K

IC SOCKETS

6-pin 15/21 8-pin 12/21; 14-pin 10/£1.00; 18/20-pin 7/E1;
100/212; 1K/250; 22/28-pin 25p; 24-pin 25p; 100/E20; |
1K/£100; 40-pin 30p; 16-pin 12/E1; 100/26

TRIMMER CAPACITORS small
GREY 1.5-6.4pF GREEN 2-22pF ... ... 5for 80p
GREY larger type 2-25pF .. 5 for80p

SOLID STATE RELAYS NEW
10A 250v AC

Zero voltage switching |
Control voitage 8-28v DC
VARIAC 0to 130v 6A new uncased . £8.00 (£2)

POLYESTER/POLYCARB CAPS
1n/3n3/5n6/8n2/10n 1% 63v 10mm
10n/15n/22n/33/47n/68n 10mm rad..

100N 250V radial 10mm 100/23 ..
2u2 160v rad 22mm

470n 250v AC X rated rad
33n/47n 250v AC X rated rad 15mm.
10n 250v AC X rated rad 10mm

100n 600V SPRAGUE axial 10/£1.

BEAD THERMISTORS
GLASS BEAD NTC Res @20'c

250R 1K2 50K 220K 1M4

R53 THERMISTOR

BEAD TANTALUM CAPS

825V 47u3Vv12/21

100/£26.00

100/£2.80
100/£4.00

.. 100/£10.00 (£1.50)
.. 4/£1.00
10/£1.00

.. 10/€1.00
100/£6.00 (£1)

100/£6.00
100/£8.00

MONOLOTHIC CERAMIC CAPS
100n 50v 100/£6 1k/£40 10k/£300
100N 50V axia ea 100/£3.00
10N 50V 100/£3.00
470N 50V 100/£7 1uF 50V .. 100/£14
10N 50v dil package 0.3" rad.£4/100 ..

STEPPER MOTOR 4 PHASE 2
9v WINDINGS

£3.50

10/£30.00

OFFICIAL ORDERS WELCOME
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ALFS PUZZLE

The story so far

Alfand Auntie Static are locked
in mortal combat for control of
the puzzle page. The key to
supreme power lies in the legen-
dary capacitor puzzle which was
featured in ETI, May 1986. To
restate it:-

Four 2uF capacitors are con-
nected as shown in Fig. 1. The
arrangement should be equiva-
lent to a single 24F capacitor, and

[ 1
[ ]

LT

Fig. 1 The problem...

if the network is charged to 10V,
the energy of 25u) per capacitor
adds up to a total of 100y, as we
would expect for a single 2uF
capacitor charged to 10V. The
charge on each capacitor in the
network, however, is 101.C, so the
total charge on all four capacitors
will be 40u.C — twice as much as
for a single 2uF capacitor. Does
this mean that it would take twice
asmuch currentforagiventimeto
charge the network as it would for
a single 2uF capacitor?

Alf, being completely out of his

depth solicited the help of ETI
reaclers tosolve the puzzle, offer-
ing a prize of £10 for the correct
answer that was easiest to under-
stand. Nowread on. ..

Alf's choice, from the many cor-
rectreplies, was difficultto make,
but eventually he selected Ber-
nard Chalk’s explanationas being
the most likely to be understood

by a ten-year-old (and therefore
by Alf himself):

1y
it

Fig. 2. .. and the solution,

‘The solution to the puzzle can
be explained by drawing the
series/parallel arrangement of
capacitors with the inner con-
necting leads between the series
capacitors reduced, as shown in
Fig. 2. The charge on the inside
plates is brought together and
cancels, leavingonlythe charge of
10uC on the series capacitors,
and therefore providing a total
charge of 20uC on the arrange-
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ment, The argument in the pro-
blemdid not distinguish between
charge provided by the power
supply (only 20uC) and charge
that was merely rearranged bet-
ween the plates (also 20uC).

Bernard Chalk,

Southend on Sea,

Essex.”

Two other solutions, which Alf
thinks worthy of a special men-
tion fortheirsimplicity, were sent
in by Patrick Gaffney of Mon-
tenotte Park, Cork, and by Noel
Moore of Belfast. Mr. Gaffney
points out that if a resistor is con-
nected across the charged net-
work, only 20uC will flow through
it, the rest of the charge being

simply redistributed between

the capacitors, so externally the
network behaves like asingle 2uuF
capacitor. Mr. Moore says that Alf
could have used the same spuri-
ous argument to claim that a
series of capacitors, each with a
charge Q, would require nQ
coulombs from the supply, rather
than the Q coulombs actually
neeeded.

Auntie Static claims that the
problem is just as absurd as add-
ing together the currents through
all the components in a circuit,
and then claiming that this must
be the total current provided by
the supply (Just think of two
resistors in series, for mstance)
Adding the charges in a circuit is
-equally meaningless, but since
we are more used to thinking in
terms of currents, the flaw in the
argument is not so easy to spot.

As the power struggle between
Alf and Auntie has yet to be
resolved, we have decided that
neither of them can provide the
puzzle for this month. Instead,
we have an offering, sent in by
reader Henry Earle, which — we

. hope— will finish with capacitors

once and for all.

‘Insertaresistor R between two
2uF capacitors, then charge upto
10V. When the charging is com-
plete, the charge on the capaci-
tors, and the energy stored, will
be just the same as if there had
been no resistor there at all. The
resistor should be ‘invisible’ to
the power supply, since the only
current flowing through it is from
the charge redistribution bet-
ween the capacitors, yet it still
dissipates an amount of energy
given by W=§ PR dt = 50p/.
Connect an AC supply and you
have a free room heater!

Henry Earle,

Nottingham.’

Well, there it is. Any com-
ments? |s Mr. Earle’s room heater
really free? If not, how does the
supply’know that there isaresis-
tor between the capacitors.

In the straightforward case of
simply charging a capacitor to
10V, all the energy in the capaci-

tor can be recovered — none has
been dissipated. With a resistor
— as in Mr. Earle’s puzzle — the
same amount of charge seems to
be transferred from the power
supply at the same voltage, in-
volving the same amount of
energy. Yet some energy will be
dissipated by the resistor. The
energy stored by the capacitors is
equal in both cases, and should
be qually recoverable (in the
second case, we canshortoutthe
resistor as soon as the charging is
complete.) So where does the
extra energy which the resistor
_dissipates come from?

Mr. Earle goes on to point out,
in his letter, that the energy dis-
sipated is independent of the
value of the resistor, and- will
always be equal to the amount
stored by the capacitors.

Once again, a £10 prize for the
simplest and most elegant cor-
rect solution received.

The answer to last month's
puzzie.

The circuitis avoltage to current
converter. Let's suppose the in-
putis at 1V, floating with respect
to the op-amp’s supply, with the
‘resistor’ side of the input more
positive than the‘op-amp’ side. If

the outputis notloaded at all, the
non-inverting input of the op-
amp will be at +1V with respect
to the inverting input, and as a

. result the output will rise to its

most positive voltage.
Withaload onthe outputofthe
circuit, the op-amp’s output (and
therefore the ‘left hand side’ of
the resistor R, by virtue of the
input voltage) will rise until the
current to the load, via R, is
enough to drop 1V across the
resistor, at which point the non-
inverting and inverting inputs of
the op-amp will be at the same
voltage. The current into the load

will be 1/R, or for a general input

voltage Vitwillbe V/R, regardless
of the resistance of the load.
Thus the circuit acts as a volt-
age to current converter, deliver-
ing a current of V/R to the load
(which would normally be con-
nected to 0V, and not V- as
shown, although the circuit will
work in this configuration for op-
amps which allow the negative
supply asacommon mode input).
The circuit is not often seen,
since the requirement that the
input should be floating with
respect to the supply, and that
the entire output current should
flow through the input, make it
impractical in many applications.
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ELECT'RONICS TODAY INTERNATIONAL CLASSIFIED

01-437 0699 Ext 291

Send your requirements to:
Duncan Neilson,
ETI Class. Dept.,

All afdvertisements in this section must be prepaid. ASP Ltd.,
Advertisements are accepted subject to the terms and 1 Golden Square,
London W1.

con?itions printed on the advertisement rate card (available on request)

COMPONENTS

ROMNEY MARSH ELECTRONICS
(PROPFllIETOR D. J. HOOKER)

RESIST !
R O M RESISTORS 5% Yw 2p EACH 15p/10 80p/100 PER VALUE.

FREE BOOKLET

O n 10 OF EACH VALUE 10R-1M E12 SERIES 610 TOTAL £6.75, 25 OF EACH VALUE £12.95.
g CAPACITORS
CTR! TIC (R 16v) 10u,22u,47u,-6p;100u,-7p;220u,-16p; u-15p1 u,
BURG LAR ALARM ' §|2-E OLYTI ADIAL 16v) 10u,221 -6 220u,-16p;470 000
p.
With POLYSTYRENE (160v 5%) 10pF-1nF,9p; 1n5-12nF,11p.
POLYESTER (RADIAL PCB MTN 10%) 10n/100v, 22n/100v, 33n/63v 47n/63v,68n/63v,8p;

100n/63v,9p;220n/63v, 12p;470n/63v,2

NQN[ATURE 100v CERAMIC PLATE 1 29F-1 ,000pF,6p;1,200pF-4,700pF,7p; 10nF/63v,
22nF/63v,8|

CERAMIC DISC 50v 0.01uF, 4p 0.1uF,8p.

SEMICONDUCTORS

DIODES 1N4001/2/3/4,4p;1N4005/6/7,6p; 1N5404/6,12p; 1IN5408,16p; 1N4148,2p,£1.00/

100.
ZENERS 2v4-39v 400mw,8p;2v7-39v 1.3w,12p. BRIDGE RECTIFIERS 1.5A 50v,18p;100v,20p.
TRANSISTORS BC107/8/9,10p;BC182/3/4L,8p;BC212/3/4L,8p;BF Y50,20p;2N3055,40p.
ICS 741,18p;555,20p. REGULATORS 7805,7812,7815,7824,35p;7905,39p; 78L05,78L12,
78L15, 28p 79L05,30p;723,28p.
LOW PROFILE D.I.L. |.C. SOCKETS 8PIN,5p;14PIN,8p;16PIN,9p; 18PIN,10p;20PIN, 11p;
24PIN,12p;28PIN,14p;40PIN,19p. PLEASE ADD 60p POSTAGE & PACKING TO ORDER.

‘PENNYWOOD, CLARK ROAD, GREATSTONE, NEW ROMNEY, KENT TN28 8PB

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440

AD ELECTRONICS : .
217 WARBRECK MOOR w
AINTREE, LIVERPOOL L9 OHU |

LOWEST PRICED TOP QUA-

LITY fire and Intruderr alarm :
equipment, etc. SAE for catalogue ; COMPONENTS
Security Services, 62 High St, . .

Hythe, Kent CT21 5JR.
s ﬂnseu&dgarlaer.ehl.
BooKs AND ) USED EPROMS

PUBLICATIONS UNCLEANED

LNCSHIRE

ETESON ELECTRONICS
158 Lower Green, |-

@Poulton- le-Fylde lackpool
L 1: (0263) 885107

| Open: 9.30am-12.30. 1. 30530 Closed Wed & Sun.

LATEST TTL and CMOS data
sheets. Complete set for only :
. Make cheques and P.O.s Erased eproms .20p per

ble to J. S. Hayer. Send to Ple Iudeproomtex(taraf£1 lus VAT
ase inc e sta O us
Inc.. 248 Hucknall 15% w1‘t’h yogr orderp
241 Tong Road, Leeds LS125NQ.
TEL: Leeds 632131.

Electronic Component Specxahsls

Test Equipment, Ci
SENDFORCATALOGUE Trade [nqumeswelccme

35 ELECTRO SUPPLIES
NORTHERN COMPONENT SPECIALISTS

45 LOWER HILLGATE, also at SHAWCLOUGH ROAD,
STOCKPORT, CHESHIRE. WATERFOOT
061 477 9272 ROSSENDALE BB4 947,
0706 - 215556

ESR ELECTRONIC
COMPONENTS
e Full range of Components

* Motors & Servos
e Robot Arms & Interfaces

LIVERPOOL

e Velleman Electronic Kits
Send for new catalogue.  60p inc. P&P.

Plugs into printer port and provides
seven open-collector outputs.
to use from Basic or M/C.

£14.95 inc. S.A.E. for details. NCJ 13A Station Road, Culiercoats.
Electronics, 13 Binfield Square, North Shields, Tyne & Wear NE30 4PQ PROGRESS'VE RAIL

87/93 Dale Street. Tel 051 236 0154

47 Whitechapel. Tel 051 236 5489
Liverpool 2
THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5:30 i

Street, Hull HUS 3AP

COILS & CHOKES S (AT

of our half price new branded
components, eg., transformers
MAX' Q 2vA 60{). 9v relays 65p-or 55p for

- 10. Mulberry Ltd., 116 Grosvenor
. Road, Aldershot:

SCOTLAND

qw>gowqom
qw>gowqomrm

COILS AND CHOKES
PREVIOUSLY MADE BY DENCO V'S'TNSEV.?%?ND s
S.A.E. PRICE LIST BARGAIN! 500 Y, W resistors COMPONENT SHOP
8 BRUNEL UNITS, BRUNEL RD, |  £4.95. Component pack lists! OMNI ELECTRONICS
ORSE LANE IND. ESTATE, Amp:lmersl Alarms! Electronic Edinburgh EH16 5DX
CLACTON, ESSEX CO15 4LU Kits! Send £1.00 for catalogue and Tel: 031 667 2611
J 424 : lists. Pluto 1l Fortronics, 565 Street Send SAE. for catalogue.
TEL: (0255) 424152 Lane, Leeds LS17 6JA. Open Mon-Sat 9am-6pm
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A,

PRINTED CIRCUIT BOARDS
one-offs and small quantities
supplied. Artwork carried out.

Fennell Industrial ‘Electronics,
54 Watling Street, Nuneaton,

] Warks CV11 6JL. Tel 0203
382296.

NICADS

AA/HPT Rechargeable Cells

4 for £2.30 or 10 for only £5!
(ex. equip. tested & guaranteed)
Universal Nicad Charger £8
with battery test facllity and LED
indicators or any combination PP3, AA,
C&D cells
Above prices inclusive of p&p - goods
sent by return
Croydon Discount
! Electronics (E)
i 40 Lower Addiscombe Rd.
Croydon CRO 6AA

NEW STOCK! Sinclair 16K
rampacks for ZX81. £6.00
including postage. Halsat, Unit 1,
Bury ‘Walk, Bedford MK41 7BW.

R -

CORTEX Il all interfaces, RX80
printer, " twin drives, monitor,
modem, D.OS. All cables, disks,
manuals etc. £250. Tel: 0703
641945,

THOUSANDS OF POUNDS
worth of components, printed

i circuit boards, electronic organs

, working and one incomplete. Data

' books, test equipment etc. Any
reasonable offers. Must sell
Hustand deceased. Contact Mrs.
Wilde(0277) 222715. Shenfield,
Essex.

-“100 WATT ITS CHILDSPLAY”
-Superb quality fibreglass To3
poweramps and data £7.50...
matching mixers/£12... KIA, 8
Cunliffe Road, Ilkley LS29 9DZ.

FM TRANSMITTER 88-108 MHz.
20x40x12mm, fully built, sensitive
microphone £6.50 inc. Edmunds
Electronics, 3 Orchard Waye,
Uxbridge, Middlesex UB8 2BN.

REPAIRS

FIXED CHARGE REPAIRS to

Spectrum, Commodore, BBC,
Electron E.G. Spectrum £17.95,
Commodore £29.95. Mansfield

Computers, 33 Albert Street,
Mansfield NG18 1EA. Tel 0623
31202.
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FM TRANSMITTERS Same day
despatch MINIATURE MODEL
frequency 60-145 Mhz, range 1
mile. Glass fibre P.C.B. All
components. Full instructions 9-
12V operation, broadcast
reception. Super sensitive
microphone. Pick up on FM/VHF
radio. £6.95 inc or ready built
£8.95. Size 57 x 19 x 12mm. HIGH
POWER MODEL. 3 watts 80-108
MHz. Professional broadcast
performance. Low drift varicap
controlled. Range up to 7 miles.
12V operation. Any input
audio/microphone. All compo-
nents P.C.B. diagrams and
instructions. Size 103 x 39 x 29mm.
Kit 13.99 inc or ready built £18.99

.inc. TONE GENERATOR 3-

selectable functions; PIP, Warble
and pulse tone: All components,
instructions & P.C.B., feed into any
audio input or transmitter; variable
frequency and gating controls. 6-
12V operation 53-x 38 x 14mm.
£5.50 incl. TONE GENERATOR
POWER AMPLIFIER. All
components, instructions and
P.C.B. turnstone generator into a
high power siren for alarms; 18
watts max. at 12-15V. 62 x 38 x
14mm £7.00 inclusive DIGITAL
CLOCK/TIMER MODULE.
12/24 hour & seconds (0.7inch
LED) display, 8-functions.

_ Applications: uncommitted output

transistor for switching on Tape-
recorders: Lighting, Security, etc.
External Loudspeaker Output. 84 x
138 x 16.256mm. Full instructions &
Modular PCB £17.49 inclusive.
MAINS TANSFORMER for above
if required: £5.24 incl. DIGITAL
CODE LOCK MODULE: 4
18V.DC operation; 10,00
combination quality key pad;
programmable code; low-power 3-
outputs (0.2A); 3-LED status
indicators; All components,
instructions & PCB. Applications;
Alarms; garage doors; cars, etc. 39
x 62 x 9mm. Kit; £15.95incl. Ready
built; £19.95 incl ZENITH ELEC-
TRONICS. 21 Station Road
Indust. Estate, Hailsham, E. Sussex
BN27 2EW. Tel: 04353 2647.

6809 FLEX KIT SYSTEM, 16 slot mother-
board. CPU, 64K RAM, B0character colour
display, 80/40 track S/or/D sided discs.

EL STOCK OF FLEX SOFTWARE.
VENTUHE FORTH runs on a STANDARD
flex random access file. ALSO 6809 for
TANGERINES. S.A.E. for details.

R-Al

LLEN ENG
FORNCETT-END NORWICH.

ETI KITS assembled and tested*
by electronic trainees under
supervision within a purpose built
electronic workshop for as little as
£10* (* depending on type of kit
and complexity). Contact- A.J.
Smith, Dept K.A. Electronics

* Workshop, Lincoln I.T.E.C. Dean

Road, Lincoln LN2 4JZ. Tel. 0522
43532.

T T

J. Linsley Hood Desngns
Distortion Analyser Kit. £25.00 E1 00
Millivoltmeter Kit.. £12.25 £0.75
Case and Panel for above £12.00 £1.00
ETI Mosfet P.A. Kit. £51.00 £1.50
Audio Signal Gen.

{.02%) Kit. £28.50 £1.50
Audio Signa! Gen.

{.002%) Made £46.00 £2.00
Fixed Freq Sig/Gen.

(.002%) £14.00 £0.50
Case and Panel for above £9.50  £0.75
"Reg. P.S.U. 1.5/35 volts

from £12.80 £0.00

S.A.E. for tull information.
TELERADIO ELECTRONICS
325, Fore Street, London N9 OPE. Tel: 807 3719

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewkesbury Glos.
73127.

Tel. 0684

ORGAN
KEYBOARDS

ELECTRONIC ORGAN KEY-
BOARDS and other parts being
cleared out. Special Offer. Elvins
Electronic Musical Instruments,
40A Dalston Lane, London E8.

PLANS & DESIGNS

AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows, high
voltage tester, van de graph sur-
veillance dewces ultrasonics,
pyrotechnics, new solar genera-
tor, 150 more projects, catalogue.
SAE Plancentre, OlId String
gvAoArks Bye Street, Ledbury HR8

POWER SUPPLIES

150W SWITCHMODE PSU. +5V
at 8.4A; +12V at 4.8A;+24V at 1.7A;
-12V at 02A. Perfect working
order, over £70 in Henries Radio
£29 + Carr. 0245-50927 after
6.00pm.

240v AC ELECTRICITY from
two 12v batteries!! Encapsulated
ready built electronic module with
screw terminals!! Comprehensive
instructions supplied. Just add
transformer and other easily
obtained accessories. 250W out-
put. Limited number available. £25
(inclusive). Chataigne Products,
Green Lane, Great Horkesley,
Colchester, - Essex, CO6 4HD.
(Proprietor J.A. Richmond.)

SITUATIONS

VACANT

HI-FI SERVICE ENGINEER
required for busy Audio Service
Department. Excellent rates of pay
for right person. Call Mr. West on
01-881-3320 or Waltham Cross
(97) 32050.

TRAINING
~ COURSES

PROFESSIONAL
ELECTRONICS TECHNICIANS
Short re-training courses (3 week)
VIC SERVICING
MICROCOMPUTER SERVICING
(ONC/OND/HNC also available
in modules)

* MSC GRANT AID to
EMPLOYERS/TRAINEES*
Television/Video/CCTV/
MICROELECTRONICS
Information Technology/
CADCAM/ATE
MICROPROCESSORS/Computers/

CONTROL

LONDON ELECTRONICS COLLEGE
Dept (ETI)

29 Penywern Roa% LONDON SW5 9sU

NEXT COURSE STARTS 21st JULY

WANT THE RIGHT
PERSON FOR THE
JOB? THEN WHY NOT
ADVERTISE WITH
E.T.l.

PROFESSIONAL PCB DESIGN.
Single sided to PTH. Production
facilities available. For quotes or
further “details phone Royston
62174 or write to JMJ Electronics,
14 Blenheim Close, Shepreth,
Royston, Herts.

DESIGN SERVICES, micropro-
cessor, special interfaces, ana-
logue, digital, signalling, alarm
systems, PCB design-and artwork.
Prototype and small batch pro-
duction. ALAB ELECTRONICS.
Grantham (0476) 860089.

FLEX COMPUTER BOARDS
drives PSUs ICs cases send SAE
for list to M. Shalash, 29 Cooks
Road, London SE17 3NG.

FREE PROTOTYPE of the finest
quality with every P.C.B. artwork
designed by us. Competitive hourly
rates, and high standard of work.
Halstead Designs Limited,.
Finsbury House, 31 Head St,
Halstead, Essex CO9 2BX. Tel:
0787 477408.
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SPECIAL OFFERS

CLEARANCE BARGAIN!! Thou-
sands of LED 7 Segment Display,
brir:d new 14 pin DIL RED .43 inch

mon anode display 0-9 with
nglln and left decimal point in stock.
10| pieces £2.50 (25p each) 50
pieces £10.00 (20p each) 100
pieces £15.00 (15p each) 1000
p:e‘ces £100.00 (10p each). Tele-
phone your order to 0296 613816.

FREE MEMBERSHIP to a new
national- electronics club. For
details and a free gift of com-
ponents worth over £10 send only
£1|p&p to Woodside, Dowsett
Lane, Ramsden Heath Essex
CM11 1JL.

Turn your surplus
transistors, IC’s etc., into
ash. Immediate settlement.

We also welcome the
opportunity to quote for
omplete factory clearance.
ontact:

Coles Harding & Co.
103 South Brink
Wisbech, Cambs.

ESTABLISHED OVER 10 YRS
Tel: 0945 584188

[¢]

Qo

TRITON COMPUTER L7.2, L82,
L9.2 operating systems in ROM or
listing form also L9.2 D.O.S. Tel;
(0934)415441.

MENDASCOPE LTD.

REPAIR & RECALIBRATE
OSCILLOSCOPES.

ALL MAKES ALL MODELS.

NATIONWIDE COLLECTION &
DELIVERY
FREE ESTIMATES

Phone 069-172-597

TEKTRONIX oscilloscopes, cali-
brated, good condition. 454A dual
trace 150MHz, delay sweep £495.
502A dual beam 100 microvolts,
1MHz £95.00, 547 dual trace
50MHz delay sweep £195, 548B
dual trace 24MHz delay sweep
£135. Telequipment D83 50MHz
delay sweep £385, manuals,
spares, other test equipment. Tel:
01 858 4221.

TEKTRONIX 453 SCOPES.
Good working condition 50 MHz
dual timebase. Two channel. £200.
Tel: 0555 840409.

VOICE/SOUND ACTIVATED
SWITCHES. Easy to follow
diagrams and uses only £1. Com-
ponents and P.C.B.s available from
HERRINGTON, 63 Homefarm Rd.,
Hanwell, London W7 1NL. Tel: 01-
578 6627

CLASSIFIED ADVERTISEMENT

ORDER FORM

1 Rate 45p per word (min 15 words) -
i Post to: ETI, 1 Golden Square, London W1A 3RB
: ADVERTISERS PLEASE ADD 15% VAT l
' :
! 1
' 1
' 1
' 1
' '
! I
! !
! '
' '
\
‘ ]
» ]
1 ]
' ]
' ]
' ;
: Please use BLOCK CAPITALS and include post codes. L
g Classification ................. veseree eteseetiecennanen !
I Name (Mr/Mrs/Miss/Ms) !
(delete accoraingry) ]
U AQAress........c.cooovrieeneieieirieeseseeeseesesseeseseasanseseseseesens 1
' I
e .
I Signature...........oocueviniiiiinieninienninnnen, Date.........cevun..n.. 1
: Daytime Tel. No...........ccoeeeennnns et raiierrer e raeste s e e retae e 1

C£@§§W@RD No. 6

Solution to Crossword No. 5

)
ACROSS 23) Topend  7) Prescaler °
1)| Earth loop 24) Festoon 10) Tick
8)| Laser 25) Reset 12) Directory
9)| Magenta  26) Screening 15) All pass
11)| Stylus 16) Magnets
12)| Dialect DOWN 19) Live
13)| NEXT 2) Atari 20) Norton
14)f RCA 3) Treble 22) Acorn
1;) :E.CI.':| 4) OTA 24) FOR
1 0a ter
21; Bipolar 2; rslgltate * Wrongly given as 15 last month,
66

~ 3)

--25)
--27)

ACROSS

Japanese printer manufac-

turer (5).

7) Underwater object detector

using sound waves (5).

8) _______ Parity (4).

9) A square wave has a leading

one and a trailing one (4).
capacitor, used to

reduce the negative feed-

back effect of an emitter

resistor to AC signals (6).

Two pole, two way switch

1,1,1,1.

When 13 down affects 9

across, this becomes longer

4, 9.

14)
15)

17)
'scopes (1,1,1).

The maximum a meter can
show (1,1,1).

The Y-axis of an oscillo-
scope (8).

Wound component (4).
Sofware package to create
and alter text files (6).

A BASIC command (4).
Cable
of discrete wires tied or
wrapped together (4).
Modulator/demodulator
(short form) (5).

To wipe magnetic tape clean
5).

DOWN
1) Major Japanese domestic

18)
19)

21)
22)

28)
29)

, & collection.

2)
~4)
5)
6)
10

1)
12)
~13)

Used in both televisions and

16)

18)

19)
20

23)
29)
26)

electronic appliance manu-
facturer (4).

Basic command associated
with read and restore (4).
European domestic elec-
tronics company (3).

The old name for a stylus
(6).

Magnetic recording tape
transducers (5).

To convert an analogue

" value into a binary number

(8).

The colour which signifies
zero (5).

Microprocessor input/out-
put channel (4).

The speed at which a circuit
canreact to a sudden change
in input, measured in Vus™1
“, 9).

Digltal function block, cap-
able of simple binary sums
(5).

How to describe a circuit
with uniform frequency
response within a specified
bandwidth (4).

Amplitude (6).

Mechanical man or indus-
trial tool (5).

Tool for melting solder (4).
No connection (4).
Abbreviation for the mathe-
matical expression used to
calculate the average power
available from a wave form
11,10, )
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PREAMPLIFIER MODULES

All modules are supplied with in line connectors but require potentionmeters,
switches, etc. If used with our power amps they are powered from the
appropriate Power Supply. ,

(@) = FROM JAYTEE

Type Application Functions Price
R HY6......... MonoPreAmp .. Full HiFifacilities..........c.ooooee £8-45
StereoPre-Arap. FullHiFifacilities...........ooeeenn £13-95

HY73....... GuitarPre-Amp. " Two Guitars plus Microphone . £14-45
HY78....... StereoPre-Amp AsHY66lesstonecontrols ......£13-45
NEW! HY83 Guitar and Special Effects Pre-Amp as HY 73 Plus Overdrive and
Reverb £18-95

MOUNTING BOARDS: For ease of construction we recommend the B8
for HY6 £0-95. B66 for HY66-83 £1:45. )

MOSFET MODULES Type Output Load Price
. X Power Impedence

ideal for Discds, public address and Watts (rms}

applications with complex loads (line MOS128 60 ......

transformers etc.). Integral Heatsink MO0S248 120

slew rate 20v/us distortion less than 001% "MOS364 180

BIPOLAR MODULES
ideal for Hi Fi,Full load protection
integral Heatsink, slew rate 15v/us

POWER SUPPLY UNIT
For Use With

PSU30....PRE AMP........
..1Tor2 HY30...

THE SPECIAL DISTRIBUTOR FOR SPECIAL AMPLIFIERS

ILP have long been recognised as manufacturers of top quality

Output toad Price

amiplifiers. .
All ILP products are built to extremely high specification for the
ultimate in hi-fi performance. They're unique in being completely

as well as performance.

POWER BOOSTER AMPLIFIERS

[0 1 P 15 watts

encapsulated with integral heatsinks, and can bolt straight onto the
chassis. They're also extremely robust, ensuring high levels of reliability

ILP Amplifiers are now available through Jaytee. The UK Distributor
with the availability and service to match the quality of the amplifiers.

The C15 and C1515 are power booster amplifiers designed to increase
the output of your exisiting car radio or cassette playgr to 15 watt rms.
10.65

C1515. e 15 + 15 watts
ILP LOUDSPEAKER

POWET ...oovuinnens 350 watt rms
[E17.2: S

impedance.
range ..........

" [NEW £78-61

FOR FREE DATA PACK PLEASE
WRITE TO OUR SALES DEPT.

Power Impedence "1 or 2 HY60, 1 HY6060, 1 HY12

Watts (rms) Q

... 1 HY368...
PSU752...2 MOS248,

All the above are for 240v operation

" WNIESE

Jaytee Electronic Services, 143 Reculver Road, Beltinge,

Herne Bay, Kent CT6 6PL Telephone: (0227) 375254
All Prices include VAT, Post & Packing

VIDEO
OQUTPUTS RT

SYSTEM EXPANSION BUS

BATTERY BACKED REAL-TIME
CLOCK/CALENDAR

128KBYTES SHARED MEMORY
RAMDISC
HIGH SPEED SILICON DISC
ACTS LIKE A STANDARD
‘FLEX’ DISC

ALPHANUMERIC DISPLAY
108 x 24 CHARACTER
FORMAT.

USER DEFINABLE
CHARACTERS.

STANDARD VDU
CONTROL FUNCTIONS

EXTREMELY FAST, VERY HIGH RESOLUTION GRAPHICS
768 x 576 MONOCHROME DISPLAY

DEVICE. LINE, POINT, ARC, PATTERN, TEXT, AREA FILL ETC.

*NOTE: MICROBOX Il WILL BOOT ‘FLEX' FROM
ANY STANDARD SYSTEM DISC.

;

HARDWARE VECTOR GENERATION BY ADVANCED NEC7220

Ex VAT

2 ST. STEPHEN'S ROAD CHELTENHAM + GLOUCESTERSHIRE GL515AA
Telephone: Cheltenham (0242) 510525

Ml C ROBOX Il 1He 6809 sINGLE BOARD COMPUTER THAT YOU BUILD YOURSELF

KEYBOARD  PRINTER SERIAL PORT SERIAL PORT
PORT '

POWERFUL 68BO9E 8/16 BIT
MICROPROCESSOR

SYSTEM SUPPORT MONITOR
(8KBYTES) containing:
DISC AND INPUT/OUTPUT DRIVERS
GRAPHIC PRIMATIVES
TERMINAL EMULATOR
UTILITY AND DIAGNOSTICS
“FLEX” BOOT AND CONFIGURE

60KBYTES USER MEMORY

FLOPPY DISC INTERFACE
_—~ SUPPORTS SINGLE OR DUAL,
40/80 TRACK, SINGLE OR
DOUBLE DENSITY DISC DRIVES

EPROM DISC (AND PROGRAMMER)
HIGH SPEED READ ONLY SILICON DISC
ACTS LIKE A STANDARD ‘FLEX’ DISC
; PROVIDES 'INSTANT' SOFTWARE
BARE PCB’s AND DOCUMENTATION

+ SYSTEM SUPPORT MONITOR

+ SYSTEM UTILITIES DISC — £95.00
FLEX + EDITOR + ASSEMBLER £75.00




| Lowest possihle prices?
- Top quality components?
Fast reliable service?
Large range?

S

Pick up-a copy of our new 1986 catalogue from any branch of : ’ 1 MAPLIN ELECTRONIC SUPPLIES LTD.
W.H. Smith for just £1.45. . w it s Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Oripost this coupon now, to receive your copy by post for just ; e Telephone: Southend (0702) 552911

£1145 + 40p p & p. If you live outside the U.K. send £2.50 or o SHOPS ‘

11 International Reply Coupons. | enclose £1.85. - - .  BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292.
. 7 ® LONDON 159-161 King Street, Hammersmith, Ws.

Telephone: 01-748 0926.
¢ MANCHESTER 8 Oxford Road, Tel: 061-236 0281.
® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831
® SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex.
Telephone: 0702-554000 :
Shops closed all day Monday.
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his is your chance to make a really

: T important contributionto ETI, and

i all we want in return are the

answers to a few simple questions. The

1986 ETI Readers’ Surveyis our chanceto

listen to you and so improve the quality
of ETI. As a small incentive we'’re also
going to offer a free subscription to the
first ten completed forms to be picked
out of a hat after our August 1 closing
date. If you want to be entered for the
1. Please indicate what you think of the following aspects of ETI's coverage: c(iraw’,’iust ;nc!ude yourn?me anc’!] addre;
, or that of a nominee ofyourc oosin
Good Average Bad Don know in the form. All information in the form
remains strictly confidential and no
names will be stored on acomputeror in
any electronically retrievable form.
Send your completed form to us to
arrive by the last post on August 1,
1986. :

New product news
News of events and personalities
New theoretical/technological
developments
_Sophisticated projects
Basic projects
- - Introductory features
Telecommunications
Audio
Computers
Semiconductors
Others (please specifyno  ......
more than three) S e

......

opoooooonoo ooo
oooooooooo ooo
gooooooood oo
oooooooooo ooano

2. Indicate what you think of the services offered by the magazine:

Good Average Bad Don'tknow
PCB Service
Photocopy service
Project updates
Corrections to projects/features
Foil patterns
Buylines

. Advice services (Auntie Static etc)

Special offers
Subscriptions (rate & delivery)
Back numbers (price & availability)

4. 1f you already own a computer,
please indicate which one:

ooooooooo
ooooooooooo
goooooooood
goooooooooo

; ectrum/Spectrum + O
o Letters page ggeﬁt:um/f 2pac - m
3. Please indicate whether you own any of the following types of equipment: ggg‘ g}%i‘}r&g:tgrm g
computer/computer peripherals O Acorn Electron (m]
audio/hi fi 0 Sinclair QL O
electronic musical instrument O Amstrad 464/664/6128 d
PA/recording equipment 0 Amstrad PCW8256 O
radio/satellite/CB equipment O Atari 600/800/128XL |
video camera/monitor 0 Atari 520ST/1040ST -0
car electronics O Microtan 65 |
~ security equipment 0 Dragon 32/64 0
remote control/robotics O Microbox i1 O
photographic or darkroom equipment - g 7X80/81 O
test/measurement equipment O Interak O
gadgets : 0 Cortex O ’
Others (please SPECify) .. .. vverrerenesurmnereenuenrnrereererses Others (please specify) . .....ooovvenanee

ETI JULY 1986 ’
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i secon{i-hand equipment

following:

omputer projects
Q‘udio projects

usic projects
RLadio projects
Test equipment projects

and video projects
Security projects
Car electronic projects
Lighting projects
- Robotics projects
Photographic projects
Novelty projects
- Computer software

Interfacing
Basic electronics theory
Advanced electronics theory
General science
Experimentat projects
News features
Technical features
Product information
Design hints and tips

Letters
Circuit ideas

Reviews

. Opinion columns
Crossword/Alf's puzzle
Teghnical advice
Competitions '

a
a
a
a
a
a
a
a
a
a
a
]
O
o
O
a
a
a
a
O
a
a
a
a
O
O
O
a
O

DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
EIDDDDDDDDEIDDDDDDDDDDDDDDDDDDD

Others (please specify)

6. Please indicate which of the following you buy and how frequently:

=3
o©

notatall sometimes o]
complete electronic kits
electronic components
ETI PCBs
PCB making equipment
stripboard/wire-wrap etc,
preprogrammed ROMs
unprogrammed ROMs
solder/wicks/tips
test gear ‘
cases/case material
component storage
connectors/leads
tools
elect ‘onics books
computer software
batteries ‘
floppy disks/computer tapes

DDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDD

v
7. lndicaLe how many kits or projects you hope to build in the next year:
0....... 1-3....... 4-12....... more than 12 ...,...

8. Do you have difficulty locating components:
Y O N O

9. Do you prefer to build projects from commercial kits, if they are available ?
: Y O N O

10, Do your projects normally work first time ? yQ N
" Do yo‘u normally get them to work ? Yy QO N
11. Do you usually build projects as printed or supplied? Yy O N
If no, do you make a few or many mods ? . FewO [IMany

DDDDDDDDDDDDDDDDDDDDDDDDDDDD

5. Indicate whether you'd like to see more or less in the magazine of the

More Same Less Don’t know

O

....................................

O
O
O
a

12,

13.

14.

15.

16.

17.

18.

Do you find ETI projects:
reliable

easy to build

useful

What was the last ETI pro

Do you make your own P«
always O B

Please indicate approxir
related hobbies in the las:

£200rless 0O £3
£101-500 a £5}

Please indicate what other
Computers g
Photography [
Film/video [

Modelling (railway/aero) I
Other (please specify). . . .

With regard to the adverti

Read or look through nea
Read or look through som
Just read or look through t
Very rarely/never look at |

Thinking specifically aboy

. rate the three types o

19.

20.

21.

22,

23.

24,

Electromart — in terms
type):

Very useful
Useful

Not very useful
‘Not at all useful

Do you order or buy prod:

Regularly
Occasionally
Never

:Ifthe answer to question 1
this way, and what was its

........................

Do you use the Advertisers
’ YO

Does anyone else read you
No only me O v

Do you keep your copy of |
One month O .

Do you read any of the foll

-~ Practical Electronics

Everyday Electronics
‘Electronics Times

Electronics & Music Maker
Ham Radio Today
Scientific American
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