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Low-price
robots from
POWERTRAN

— hydraulically powered
— microprocessor controlled

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

bot.
onnrene ""nf" GENESIS
Each robot in the Genesis

range has a self-contained

hydraulic power source .
operated from single phase 240
or 120v AC or froma 12vDC

supply. Up to 6 independent

axes are capable of simultaneous operation
with positional control being provided by
means of a closed-loop feedback

system based on a dedicated v
microprocessor. Movement sequences
can be programmed by means of a
hand-held controller or the systems

can be interfaced with an

external computer via a

standard :

RS232C link.

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

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

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HARTS SP10 3PE. TEL (0264) 64455 Telex 477407

> é/ﬁl;ll

Turtie-type
robot

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

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

HEBOT Il

Weight 1.8kg

complete kit with assembly
instructions £85
Interface board kit £10

MICROGRASP}

L ZH T

Areal. programmable robot for under £200! Micrograsp has an
articulated arm jointed at shoulder, elbow and wrist positions. The
entire arm retates about its base and there is a motor driven
gripper. All f ve axes are motor driven and servo controlled. giving
positive pos tioning. The robot can be conirolled by any
microcomptter with an expansion bus — the Sinclair ZX81 being
particularly suitable

M Ic R 0 G RAS P Universal computer interface

Weight 8.7kg, lifting capacity ~ board kit £48.50
100g 23 way edge connector £2.50
Robot kit with power AX81 peripheral/RAM pack

supply £145.00 splitter board £3.00

.
GENESIS $101

5-axis model (kit form)  £475
5-axis complete system

Weight 29kg,, lifting
capacity 1.5<g
4-axis model (klt form) £425

GENESIS P101
\{Vg;(ght 34kag. lifting capacity

6-axis mode (kitform) £675
6-axis comp ete system

(kit form)

6-axis comp ete system

(ready built £1,650

' GENESIS P102

(kit form)
5-axis complete system
(ready buitt) £1,450

Weight 36kg, lifting capacity 2kg
6-axis system

(kit form) £1175.00
6-axis system

(ready built) £1950.00
Powertran Cortex
microcomputer

self-assembly kit £295.00
ready-built £395.00

POWERTRA

cybernetics

ALL PRICES ARE EXCLUSIVE OF VAT
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WATFORD ELEGTRONICS

33, CARDIFF ROAD, WATFORD, HERTS WD1 8ED, ENGLAND
Tel. Watford (0923) 40588. Telex: 8956095 WAELEC

ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. SEND CASH, P.0.’s OR CHEOUE
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED
{ACCESS ORDERS BY TELEPHONE 0923-50234}). TRADE AND EXPORY INOUIRY WELCOME. P & P
ADD 80p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST.

VAT Export orders no VAT. U.K. customers plesse add 15% VAT to totai cost incl. p&p.

We stock thousands more items. It pays to visit us. We are sltusted behind Watford

Footbnll Ground. Open Monday (oSatuvday, 9. OOnmloB OOpm Ample FREE Car parklng
POLVESTER RADIAL LEAD CAPACITORS: 250V; 10n. 20n, 15n, 22n 2n 6p, 33n, 47n, 68n, |00n 7p; 150n,
220n 10p; 330n, 470n 13p; 680n 19p; tu 23p; 1u5 40p: 2x2 46p.

ELECTROLYTIC CAPACITORS (Values in uF), B0OV: 10uF 52p; 47 78p; 63V: 047, 1.0,1.5,2.2,33,8p; 47
9p: 10 10p; 15, 22 12p; 33 15p; 47 12p; 68 16p; 100 19p: 220 26p; 1000 70p; 2200 99p; 5OV: 68 20p; 100
17p; 220 24p; 40V: 68 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 2200 30p; 25V: 50p; 3300 76p; 4700
92p; 16V: 25. 40 8p; 47, 68, 100 9p; 125 12p; 220 13p; 330 16p; 470 20p; 650 34p; 1000 27p; 1500 31p;

2200 36p; 4700 79p.
TAG-END TYPE: 64V: 4700 245p; 3300 198p; 2200 POTENTIOMETERS: Carbon Track,
139p; 50V: 3300 154p; 2200 110p; 40V: 4700 160p; 25V: 0 25W Log & Linear Values.
4700:89p: 10,000 320p:, 15.000'345p. 50061, 1K & 2K {LIN ONLY) Single  30p
= 5K{1-2M11 single gan 30p
TANTALUM BEAD CAPACITORS: SK{}-2M( slngle Sang D/P switch  78p
35V:01x,022,033 15p; 047,068, 10, 1.5 16p; 22,33 18p; 4.7 §KN-2M(} dual gang stereo 88p
6522&1; 1028p; 16V:22 33 16p; 47,68 10 1'; 15 38p; 22
309;' , 47 40p; 100 75p; 220 88p; 1OV: 15 22 26p; 33 47 SLIDER POTENTIOMETERS
35p; 100 55p. | 0 25W log and linear values 60mm track
—_— 5KN-5000 Single gang 70p
2768 8500 12 18, | copaciors H
,33,47,68,82, 10,12, 18, | capacitors
22.27.33,39,47,50,56, 68, 75, | 260V: InF, 1nS, 2n2, 3n3. 4n7, | PRESEY POTENTIOMETERS |
82,85, 100, 120, 150, 180 15p. | 6n8. 8n2, 10n, 15n, 22n 7p; 18n, | O-1W 500122M Mini Vent. & Horiz. ~ 7p
220, 250, 270, 330, 360, 390, | 27n, 33n, 47n 8p; 39n, 56n, 68n | 0-25W 22003-4M7 Vert. & Horiz 12p
470, 600, 800 & 820pF  21p. | 9p, 100nF 11p. — =
1000, 1200, 1800 30p each | 100V: 100n, 120n, 10p; 150n [ RESISTORS Mi-stab, Miniature, 5%
3300, 4700 60p each | 11p; 220n 13p; 330n 18p; 470n | Carbon
23p;680n30p; 1xF34p;2::250p. RANGE Val. 1-89 100+
025W  224-M7 E24 3p 1p
CERAMIC Capascitors: S50V POLYSTYRENE Caps: 05w 2{R-4-M7 E12 3p 1p
Range 1pF to 6800pF 4p; 10nF, 10pF to InF 8p 1w 2(R2-10M E12 6p 4p
15n. 33n, 47nF Sp; 100nF/30V 7p. 1n5 to 12nF 10p | 1% Metal Film 510- 1M 8p 6p

RESISTORS S.LL Package: 7 Commoned, 10061, 68002, 1K, 2K2, 4K7, 10K, 47K_ 100K 24p.

8 Commoned: {9 pins) 150{1, 180{}, 27012, 33012, 1K. 2K2, 4K7, 6K8, 10K, 22K. 47K, 100K 26p.

TRANSISTORS
5| BCA477/8
BC516/7
B8CS47/8
BCs43C
AD149 79|B8C556/7
AD161/2  42|BC558/9
AF118 95 |BCY70
AF139 40 |BCY71/2
AF239 55|BD131/2
8C107/8 10|BD133
B8C1078 12{BD135
B8C1088 121BD136/7
BC108C 12 |BD138/8
BC109 10 |BD140
BC109B 12 |BD245
BC109C 12|BD695A
BC147/8 9 | BD696A
BC1478 10 |BF194/5
BC148C 10{BF198/9
BC149 9 |BF200
BC149C 12 |BF224
BC157/8 10 |BF244A
BC159 11 [BF2448
BC167A 10 |BF2568
BC168C 10 {BF257/8
BC169C 10 |BF259
BC171/2 11 |BF594/5
C173 11 |BFR39/40
BC177/8 16 |BFR41/79
BC179/81 20 |BFR80/81
BC182/3 10 |BFRS8
B8C184 10 |BFX29/84
BC182L 10 |BFX85/86
BC183L 10 |BFX87/88
BC184L 10 |BFY50/51
BC186/7 26 |BFYS52
BC212/3 10 |BFY56
BC212L 10 {BFY90
BC213L 10 |BRY39
BC214 10 |BSX20
BC214L 10 [BSX29
BC237/8 14 |BU10S
BC3078 14 [BU20S
BC3088 16 [BU206
8C327/8 15 {BU208
BC337/8 15 [MD8001
BCad1 34 |MJ2955
BCA461 34 |MJUE340

e
LINEARIC's 8251A

8263

30

LM324
LM3342 90

555 CMOS 80| LM335 128 8255

702 75|LM339 47 8256A

709C 8 pin 35 60 8257A

70 a8 115 8259

741 14 60

747C 14 pin. 85 175

748C 8 pin 36 480 Z80510-1
753 8 pin 75 2Z80AS10
a10 189 148

9400CJ 115 (TA7130

AY-1-1320. 160 |TA7204

AY-1-5050
AY-1-5051
AY-1-6720
AY-3-1270

90 |TA7205
120 |TA7222 150[1702

395 |1802CP
296 |2114L-200n

45 [TAAG21

AY-3-8910 190 (2147-3
AY-3-8912 275|2532-3

AY 51230 159 (2564
AY-5-1317A 70

CA3011 275

CA3012 330

CA3014 290

CA3018 2n28-4
CA3019 27128/250n
CA3020

CA3023

CA3028A

CA3035

CA3036

CA3043

CA3045

CA3046

CA3048 6116-150ns
CA3059 6116L-120ns
CA3075 6117-100n
CA3080E 6167-6
CA3081 6502 CPU
CA3086 6502A
CA3089E 6520
CA3090AQ 6522 VIA
CA3123 6530 RRIOT
CA3130 6532 RIOT
CA3140 6545 CRTC
CA3160 6551 ACIA
CA3161E 6592 PC
CA3162E 68854
CA3189 295 | 6800
CA32 4206802
HA1366 406803
HA1388 606804
1ICL7106 98 | 6805
iCL7107 24 (6808
ICL7204 456809
iCL7611 6810
ICL7660 6820
ICLBO3BCC 300 68B21
ICLB211 350 0 6821
ICM7205 1150 (MFC6040

ICM7207 476 | MK50398

ICM7215 1050 | ML924 TL170
ICM7216A  £22 | MSM5526 TLA30C
ICM7217A- 750 |NES51S TL507
ICM7274 785 [ NES29 TLS03
ICM7240 300 |NES31 UA2240
ICM7555 80 | NES34 UA78540

ICM7556
LA3350
LA4031P

150
250
330

UAA170
210 |UAA1B0
6 |UGN3020T

500 | MMS387A
0168000 New msk f.‘IO MM58174
1 6074922 RO-3-2513L
B8 .-

LA4032 S | ULN2001 250
LA4400 140 |ULN2003 350
LA4422 325 | ULN2004 £18
LCNn20 395 |ULN2068 80
LC7130 410 ‘ULN2802 80
LC7137 420 |ULN2804 225
LF347 120 | ULN2283 125

LF351 155 350
LF353 140 350
LF355 410 £25
LF356 400 225
LF357 145 110
LF398 105 425
LM10 750 100
LM301A 60 110
LM307 as £11
LM308 225 250
LM311 425 220
LmM318 325 270|ZB0ACPUAM

485 180 18250 850280CTC

5454
75491/2

MJE37)  100]TiS43 32| 2N3702/3
MJE2956  99(TiS4d 45| 2N3704/5
MJE3055 70| TIS88A 50| 2N3706/7
MPF102 40| TIS90 30| 2N3708/9
40| MPF103/4  30|TIS91/33 32| 2N3710
40| MPF105  30|vK1010 80| 2N3771
12| MPSAD5  25(VN1OKM 65| 2N3772
14| MPSAO6  25|VN4GAF 78| 2N3773
15| MPSA12  32|VN66AF 80| 2N3819
15{ MPS, 30|VNBBAF 94| 2N3820
16/ MPSAS6  30|VNB9AF 96| 2N3822/3
20{MPSA70  30(ZTX107/8 11| 2N3866
48| MPSUO2  58(ZTX109 12| 2N3903/4
60| MPSUO5  55(ZTx212 28| 2N3906/5
45| MPSUOE  §5/2TX300 13| 2N4427
40 MPSU52  65|2TX301/2 16| 2N4859
40| MPSUS5 80 303 25| 2N5172
40| MPSUS6  60(ZTX304 17| 2N5180
as| 0c23 1702TX320/26 30| 2N5191
125(0C28/36 220|ZTX500/1 14| 2N5)34
125{0C41/42  75)|ZTX502/3 18 2N5305
12| 0C70 40|ZTX504 28| 2N5457
18| 0C76 §0{2TX531 25| 2N5458/9
30/0C81/82  50|ZTXS50  25|2N5485
25|0C83/84 40 |2N696 30| 2N5777
28| TIP29A 32|2N697 23| 2N6027
29| TIP29C 38|2N698 40| 2N6109
35| TIP30A 35 |2N699 48| 2N6290
32| TIP30C 37|2N706A 19| 25A636
35| TIP31A 38 |2N708 19| 25A671
30| TIP3IC 37|2N914/5 32| 25AN1S
23 TIP32A 38(2N918 35|25C495/6
23| TIP32C 42 f2N330 20| 25C1061
25| TIP33A 85 |2N1131/2 24 25C1096
105 TIP33C 78|2N1303/4/5 | 25C1162
28| TIP34A 74 [2N1307/8 68| 25C1172
28| TIP34C 88 [2N1613  30/25C1173
28|TIP35SA 110 [2N16718  160| 25C1306
23(TIP3SC 128 (2N2160  296|25C1307
23|TIP36A 130 |2N2219A/20A/ ‘| 25C1449
32|TIP36C 140 21A/22A 25| 25C1679
80| TIP41A 50[2N2369A  18]25C1678
40| TIP418 52 [2N2646  45|25C1923
20| TIPa2A 55[2N2846 80| 25C1945
34|TIPa28 58 |2N2904A/05A/ | 25C1
170|TIP120 70|06A/07A  26{25C1957
190 TIP121 73|2N2926G  10[ 25C1969
200(TIP141 105 |2N3053  26|25C2028
200(TIP142  105|2N3054  58|25C2029
250|TIP147  120[2N3056  4B8|25C2078
70(TI 80[2N3442  140|25C2091
64|TIP30s5  60|2N3615  199|25C2166

25C2314
25C2465
25C2547
2sD234
25K45
25K288
25J83
2584
3N128
3N140
40251
4031
40313
40361/62
40408

40412
40467
40466
40594
4059€
40603
40673
40871/2

o]
90

TTC 74 pROPPS
74143
400

1474144
14 {74145
74147

14174148

74141

LS195
LS196
LS197
Ls221
LS240
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DL 25 WAY ‘D
sUouo  VOLTAGE REGULATORS =
B o 3 226 25 OoPTO g“ps&‘w;'s T0220 Plastic Casing e Low  Wire CONNECTORS
B, 03W, 2. 2.25°. 25", | Cli OIS -ve g rofile  wraj
3 805 | e hed e 10 3idign 495 | 5y 7805 40p 790; el i “ap 25 (RS232)
0-3W, 2.5 4011; 644} or TIL211 Green 3mm 14 | & dignt 830 |12v 7812 40p 79t ‘59 14 pin 10p 3Sp N Cable
8002 BOP | 111912 Veliow 33 [sdon 628 [y LOE ﬁ: A 25p | 16 pin lop 4z Jumper lead Ribbon Ca
2 18V i 16 P .
DIODES BRIDGE O i oow Aier. N8BR3 L 824 e ey Mo Bon 18" Single End Male 475p
Adiis RIRECTIMERST )0 Suteh Ce e BPW21 295 190ma 1052 Plasnc Casing = e 220 ooh 18" Single End Fermnale 510p
AA129 20 | (plastic case) twopartclip. R G&Y 29 BPX65 270 30p 79L05 P 24 pin 25p  70p o] / 295
AAVBOT  Ishlia 18 | Rectangl. Stackabie IL74 as | & Yl 3op = 28 bin 280 80p | 36" Double Ended M/M P
Balo 13 |watoov 20 | ERR 18 UD7a 99 | gy gy 30p = 40 pin 30p s9p " Double Ended F/F £10
BN 20| wanv 25 | 3000 L LEDsRAG 18 ILQ7a 188 12V 7En 2 8 0p RN TaCI2 o) 36" Double En £10
By100 24 ooV 35 | 07 Fieshing LED Red 58 %cﬁgmn 15V 7815 30p  79U15 60p ZF DIL SOCKET 755 | 36" Double Ended M/F
1 arli way
iz 2 28200¢  ao | 02 B colour LEDs 65 Isolator 135 |10y 7660 248 LMK 320 | 90 (0 750P [1DC CONNECTORS (Speed block fypel
CRO33 280 {ava00v 48 | S0 VR 80 TN 65 | 78105 5V/5A 550 LM3I7P soo | 40way 975p T Fernale G
99 12 | ey S8 | 67 Tr colour LEDs ORPrz ‘7 |IBm212visa  seo LMizk 00 | oot with laich | Header  Card-Edge
0A47 12 | gastoov 83 Red/Green/Yellow 85 ORP12 78 |28HG+5 to Lm33 4] Fle Solder . IDC AL Sut - Angle | Socket Conneciay
0A70 12| Gaa0ov 88 | ed High Bright 58 2NSTT7 48 +24V SA 0 s e | 38p  95p Pins  Pins
OA79 15 | 6as600v 125 High Bright Green or 4N33 135 | 704G ~2.25V to TBAS. a7e 16 a2p 100p 10 way 90p 99p| 85p 120p
QA81 20 | 10A/200V 215 ellow 685 Pin diode 610 | Jyqv ca 685 RC4194 oo 2 88p 138p T6aa 130p 150p | 110p 195p
s 18 | 3007500y 298 | L0271 Inta Red temn) 46 LM305K 120, RCA 60 2 180p | o5 way 1a5p 166p | 125p 2a0p
0A0 8 | 25a/200v 240 | Ty’ BU50 femith 52 goyg 40 195p  218p 26 way 175p 200p | 150p ggp
0A91 8 | 25a/600v 395 | couc {detector) 118 swrtcH WITCHES 34 way 205p 236p | 169p 2305
0A95 8 | BY164 38 | 71178 (detector) 54  Reflective S RIBEON CABLE e 220p 250p | 190p 4200
04200 i 0 | mus 3> s 170 280V TOGGLE 2A 250V (price por toot) | o %0 23%p 270p | 200p 70p
0A202 2 TWB  B2: TWIO 90  gigred similar | SLIDE 3 14 | sPST 33| Ways  Grey Colour
N6 5 | e o 'oRS 186 | 1 DPoT c/crF 18 | DroT 4|0 e ¥ [eumo FEMALE  [WALE
1 ange 54 1 5p SOCKE
e, &1 Miteen (METE™" s [alumsoncs | o ovonon 40 | daecnon 5| 1 B | B S| O e
- C.th 115 lax2ix2” 85 26 P 73 170p — —
jRase % Range.3v3 to e gém R bk S e W S S ¥ s DS Buk| 2 AEY
BES g e BEUS  Bnid e itmmted  (gdeeeld o & | B siot s emp 3800|2000 30w
TN540 140 [ 5x2ix1) 90 =
Netoe 17 A e :"G:"'eggg‘:'\s’”", o 5:21"5; 1% DPOT Gover 188 DFOT 6iags 73 | D CONNECTORS: T T Ce T 3000 Tormas 2!
9 Bargraph 10 seg. Rec Sxdx1y DPDT C/OFF 88| . 15 25 37 v 75mA: 150 15V 75mA 98p
INsa08 19 B 30| Bargraph NSM3314 500 sxaxai 120 maTURE BPOT anvonvon 185 s W et R g,ﬂ:”,‘:sx,ﬂ,\ pOv-aA VO
15921t 9 40 on 2x15V- 25,
e ) (F:ERRIC ﬁ:LORIDE ‘;’:2:; ::g $"’: t':o ':kake ;g: pLUCE SR g)‘l\dLeEr 80p 110p 160p 240p I;VA: 2x4V5-1-3A; 2x6V-1.2A, 2"2'5;;:63'59 pdp}
6A/400V 50 | TRIACS rystals 8x6x3 210 | Push bre 10p 250p 365p| 2x15V. 4 ) . ;
NSRS 48 | s+ sopote iy 280 SIS 130R Teon Zon 3on{ZhVA Sk saev caor 8 Tk
3 10x7%x3" . i Type) . : 0p (60 )
JA/BOV 85 'l o ETCH RESIST I2xsxT 80 MOTARY: iadjussbly Ston Type) [P o o SO
SCR's BA4O0V 69 | Penplus sparetp  100p | 12x8x3 2 210 4 way, 4 pole/2 to 3 way = Rocle 1650 2159 2908 3408 Sou 2%20V-1-2A; 2X25V-2A 2 p 800 o)
0 ;
3’5‘2""&0? 32 ?:;/\/B?ggv ";55 28”""‘ C‘éﬁg:omoosouue- SRBP | ROTARY: Mains 250V AC.4 Amp  84p|Siralt 175p 200p 300p 420p 100VA: 2X12V4A; 2x15V-3A; A2«20‘/-2 54
Shvaoov 40 | 1200y % Gosy  sied e 95‘1"1805.; DIL SWITCHES: (SPST) 4 way 66p; COVERS 80p  75p  75p  90B|3,30v-1 5A: 2x40V-1 25A 2
Sazdoov 80 | 1aa/800v 135 | RS Joon 128p (PN T ARG )
g:/’%x g :gﬁ/llggx :g _s'nz' = 175 225, ] '\65:[‘;% 4 xév 190p. IDC 25 way Plg. 385p, Skt 450p hUMPER LEADS Ribbon Cable Assembly
B8A/600V 95 | 16A/800V 220 ["VERDBOARDS P?:n VO’ Board _ —_— DIL Plug (Heat::'sl; T
Yoavanoy 48 | Z2vacov 185 x50 " DPENG 392 amewenoL pius Solder EOGE CONNECTORS | P98 Endrtlesd. 281000 40 pin
iy 138 =arioo0 B e Y N 24 way IEEE 4';):9 450p i 180, B b i o
- Wi
sTION. ¥ sonsaony 525 | Lt 1995 99p | PROTO-DECS aog | %oy Convonica. 5269 4885 | Socpe, | 2018 e e pownic engar lewie - ip assp
block 1 15 P
Cl6D 38| 728000 120 31T 300p 276p | Vorobloa 350 | ASTEC UHF MODULATORS Wway |2Bwey 1708 'Z- e e T
Ticas 2 SOLDERCON | Pit. of 100 pins _ 559 Elrofiesboard| 220, OMir Stanled e | (D 2x28 way  210p & 230p 250p  37sp  595p
: utter150p | Blmboard 8| ideban | 32'way a 2459 '
T 35 oo P8 T6e | e F oo Cuttersetp Superstrip §82  £13 9sp (Y o= 2980 | 100 FEMALE RECEPTACLE Jumper Lesds 38
2Nasas 130 | o0 370p 185p 2%40 way £p 20pin oln 40gi
VERO WIRING PEN and Spool 350p NEW I el il 2aon il raiZooel B SR
e s Viee Wispnng Skeaioo " %sts|  BROTHER 8300 DAISEY = | o
1 i
| WHERLPRINTER/  [cmvstacs BBC MICROCOMPUTER
COMPUTER CORNER pecms it L e
® SEIKOSHA GP100A - Unihammer Printer, nor- ) | 2000 268 Model A £299; Model B £399 (incl. VAT), We Stgcgn;‘e
mal & double width characters, dot resolution | ' .\ very high quality |38 275 [full range of BBC Micro peripherals, Hardware & °b.'
P e foud [l g Eane s i iX i hange- |} %M 4 like, Dis¢ Drives (Top quality Cumana & Mitsubi-
g;:z FREE 500 Sheets e Bt g iy 'm’:‘ gg: V:\ai)re Diskettes, Printers, Printer Paper, Interface Cable,
: R H i 1 shi), 3 . . =
® SEIKOSHA GP 250X Printer £230 |able styles including Italncsi 16MHz 332 |Dust Covers, Cassette Recorder & Casi:ttses.kM!:)nl;%%
ic pri i ntional | 18vk (Ready made Cables, Plugs & Sockets), Plot-
hic printer |Script and 4 conve 18432M 200 | Connectors {Ready 4 Lightpen Kit
IKOSHA GP-700 The 7 colour grap 3 i 225 i PROM Programmer, Lightpe! .
3o pice o  sandard Dot mat o res graphicg |tYPefaces. Ideal for busi- |z 338 Tovencis, ‘Sigeways. RN Beard, EPROM Eraser,
4 hammer method enables text & high res graphics ness use. Connects directly e e b yhinecbde ROM, The highly sophisticated Watford's
il Mo T m'm;'rs ort3soosggge§)a7riaxb|2 to a BBC Micro via standard |} 27eam 150 16?: BEEB DFS, WORDWISE, BEEBCALC, SoftwareP(IEdu.
i i se
matrix. Up to 106 char. per line at 50 = SLEAMEEok I Application & Games), BOOKS, etc. etc. Plea
: p J . Cen- Or Can |3essam 300 catlona pph
line spacing to 1/120". Tractor or Friction feedc(:;99 centronics interface 3i5002N 150 | cond SAE for our descriptive leaflet, B
tronix interface standard. be used as a stand alone Agggm 2%0 S
. 4
® SOFTY — 2. The complete Mlcroproczedssor devg\'; typewriter. As typewriter, |3 a3a om ;%I DISC DRIVES FOR BBC MICRO
in T 4 608MHz .
gganoe&t system. Accepts any g £169 |has a built in timing func- 48%MH, ié’g @® CS50A — TEAC Cased with own Powe(;
. - | SOMHz l"
o Green Monitor 40/80 col- |tion to measure the opera- |20V 160 Supply, S/S, 40 track, 55", 100K ' £17
b hin, 1 s 5 king it ideal |22V 399 AC Twin Cased with own
umn select switch, value for money. £75 |tor's speed making icing |6 s 130| @ CDSOA — TE " K £330
. 5 "
p i RGB input. |for teaching or invoicing Ssmm 1% PSU, S/S, 40 track, 5", 200 )
® MICROVITEC 14" colour monitor. p N ? 200 inale Cased with own
Lead incl. £249 |iobs correctly. Friction feed; T 30 |@ CSSO0E — TEAC s'”%e e
i CPS; 12" max width; 5 |7esmhe 2% PSU, S/S, 80 track, 51", 200K _£2
® TEX EPROM ERASER. Erases upto 32 ICsin 15 [ 11 8 OMHz 150 ’ ' C Twin Cased with own
30 min £33 | gitferent colour ribbons. gosaM 335 '@ CDSOE — TEAC win il
' /carrying (35w 2| PSU, S/S, 80 track, 5", 400K £47
@ TEX EPROM ERASER with the Solid-State 30 |Hard top cover/carry gooMiz 200 ABCLE s SR Sl life - Coced
minute Electronic Timer. case. Only: £399. | j5oun: 17 @ S M B
- e 38| with own PSU, DS/DD, 1 Megabyt
® SOLID STATE 30 minute Electronic Tlhgsz :8};4MMW;41 e (400K with BBC) £275
-OMH 175 . ;
S [0 EPSON  FX80 10715y 30 @ TWIN MITSUBISHI Siim line - Cased
@ Spare 'UV lamp buibs 160cps,  Tractor/Fric- |78 178" with own PSU, DS/DD, 2 Megaﬁbg;;’.‘;
' . ic |14765MHz 250 .
® POWER SUPPLY Regulated, Variable from +5V tion, Bi-directional, logic | 14762 §$| {800K with BBC) for BBC Micro £8
: i OMH; - ‘
to +15V. 4A. Fully Cased £39 seeking, 9 x 11 matrix, |1§0MH: 180 |® Single Drive Cablef orBBC s £12
: . = S :
@ MULTIRAIL PSU KIT. Output: +5V/5A; +12V; Hi-res bit image, normal, | 1852 150 | @ T\vin Drive Cable for VERBATI
+25V; -5V; 12V @ 1A. £40'  jtalic & elite char. Super Jaomm 13| (5 vyear warranty on
. B wd .
. g ript. Proportion- |2493om+: 3 Diskettes)
| ad (reed switch assembly) £4 & subsc Of Zocoomrs 150 | ) ) 1 20
ERG=pmaniabaesl . al spacing. Underlining. B e 355 |® 10 Verbatim Diskettes, 54"- g;g £ bt
® C12 COMPUTER Grade BASF Cassette:oln £388 (€7 carr) |12 190 | @ 10 Verbatim Diskettes, 5} , . £3
Library Cases B ANTEX - .. B ga‘é‘;&’:j :"‘7"5’ | (2 year warranty on WABASH Diskettes)
® 8} & 9}" Fan fold paper (1000 sheets) £7 Soldbring i 8 0Mz 173 |@® 10 WABASH Diskettes, 5}, S/S £15
. "
riosip) Gy as5 iteom: 300 | @ 10 WABASH Diskettes, 5", D/S £25
GBI7W
3 £3.50 GI18W 520 ust one 145 8MHz 225
® Teleprinter Roll (no VAT)} L 525 P
it o TFORD ELECTRONICS
i is extra) 225 | through, we
P&P on some of the above items is e Elements
Call i!’l at our shop for demonstration of any of the | ~" 0 = .| do tlret—’r(t)azs:;.4 Tel (0923) 40588 Telex. 8956095
above items. Be satisfied before you buy. Heat Shunt 30 | 0923- A




FREE CAREER
BOOKLET

T.V. SOUND TUNER

BUILT AND TESTED

In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over

1s “'Will anyone notice if

we save money by chopp-
ing this out?” In the
domestic TV set, one of the
first casualties seems 10 be
the sound quatity. Small speakers
and no tone controls are common =
and all this is really quite sad, as the

£24.95 +¢£200p80p.

TV companies do their best to transmit the highest quality sound. Given this background a

Train for success in Electronics
Engineering, T.V. Servicing,
Electrical Engineering—or running
your own business!

ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
fields of electronics, T.V., electrical engineering— now
it can be your turn. Whether you are a newcomer to
the field or already working in thesé industries, ICS
can provide you with the specialised training so
essential to success.

Personal Tuition and 80 Years of Success
The expert and personal guidance by fully qualified
tutors, backed by the long ICS record of success, is
the key to our outstanding performance in the
technical field. You study at the time and pace that
suits you best and in your own home.

You study the subjects you enjoy, receive a formal
Diploma, and you're ready for that better job, better
pay.

TICK THE FREE BOOKLET YOU
I'"' WANT AND POST TODAY

ELECTRONICS | Tv. & AUDIO
| ENGINEERING SERVICING

l A Diploma Course, recognised | A Diploma Course, training
by the Institute of Engineers you in all aspects of installing,
& Technicians/as meeting all maintaining and repairing T.V
academic standards for and Audio equipment,
l application as an Associate domestic and industrial

-1

|
1 I
|

RUNNING YOUR
OWN BUSINESS

It running your own
electronics, T.V. servicing or
electrical business appeals,
then this Diploma Course
trains you in the vital business
knowledge and techniques

| you'll need

I ELECTRICAL
| ENGINEERING

A further Diploma Course
l recognised by the Institute of
Engineers & Technicians, also
covering business aspects of
l electrical contracting

Address

Dept M627

Ius fa

@ 01-622 9911

160 Stewarts Road, (all hours)

London SW8 4UJ
D D S D R S ID GED GER GED GUD GED SED GED SNS D GED B

D D GED BN GED OGN BN GED N OW GED IR aE
2
1
3
@

reproduction. The unit is mains-operated.

t and independent TV tuner that connects direct to your Hi-Fi is a must for quality

This TV SOUND TUNER offers full UMF coverage with 5 preselected tuning comrols It can

also be used In conjunction with your video recorder.

Dimensions: 11%"x 8% 'x 3%

E.T.1. kit version of above without chassis, ¢ase and hardware, £12.95 plus £1.50 p&p

PRACTICAL ELECTRONICS

STEREOQ CASSETTE
RECORDER Ki

ONLY £31.00 plus £2.75 p&p.

« NOISE REDUCTION SYSTEM. « AUTO
STOP. « TAPE COUNTER. « SWITCHABLE
E.Q. » INDEPENDENT LEVEL CONTROLS.
« TWIN V.U, METER. » WOW & FLUTTER
0.1%. « RECORD/PLAYBACK I.C. WITH
ELECTRONIC SWITCHING. » FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.

COMPLETE
WITH CASE

Kit Includes tape transport mechanism, reac’y punched and back

printed quality circuit board and all electronlc parts. i . semiconductors,

resistors, capacitors, hardware, top cover, printed scale and mains transformer.

You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

STEREO TUNER KIT

This easy to

build 3 band

stereo AM/

FM tuner kit

is designed

in conjunction

with P.E {July

‘81). For ease of construction and alignment
it incorporates three Mullard modules and an
1.C. IF System.

FEATURES: VHF, MW, LW Bands, interstat-
ton muting and AFC on VHF. Tuning meter
Two back printed PCB’s. Ready made chassis
and scale. Aerial: AM-ferrite rod, FM-75 or
300 ohms. Stabilised power supply with ‘C’
core mains transformer. All components supp
lied are to P_E. strict specification. Front scale
size 10%"'x 2% approx. Complete with dia-
gram and instructions

SPECIAL OFFERI £13.95 +£2.50p8p
Self assembly simulated wood cabinet sleeve

10 suit tuner only. Finish size: 11%4""x8% 'x3%".
£3.50 Plus £1.50 p&p

125W HIGH POWER 1

AMP MODULES

The power amp kit is a module for high
power applications - disco units, guitar amplif
fers, publlc address systems and even high
power domestic systems. The unit is.protected
against short circuiting of the load and is safe
n an open circuit condition. A lar ge safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use. Supplied with all parts, clrcuit diagrams
and instructions.

ACCESSORIES: Stereo/mono mains power supply

kit with transformer: £10.50 plus £2.00 p&p.

AUDAX 8" <l |

HIGH QUALITY 40 WATTS

RMS BASS/MIDRANGE

Ideal for elther Hi-Fi or Disco use this speaker

features an aluminium volce

coil a heavy 70mm diameter

magnet. Frequency res: 20Hz £5.95

to 7KHz. Impedance: 8 ohms.  +£2.20 P&P. |

AUDAX 40W Ferro Fluid Hi-Fi

Tweeter

X/over on SkHz
22kHz. 60mm

square. 8 ohm

£5.50 |
+60p p&p.

| Plus £2.50 p&p

STEREO CASSETTE
DECK

Stereo cassette
tape deck trans-
port with etect-
ronics.
Manufacturer’s
surplus — brand
new and operat-
ional — sold
without warranty

£11.95

Just requires
mains transform.
er and input
output sockets
and a volume
control to com-

plete. Supplied with full connection details.

SPECIFICATIONS: II

Max. output power {(RMS): 125 W. Operating
voltage (DC): 50 - 80 max. Loads: 4 - 16 ohm.
Frequency response measured @ 100 watts:
25Hz - 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms
0.1%. Dimensions: 205x90 and 190x36mm,

KIT £10.50
+£1.15p8p

BUILT £14.25
+£1.15p&p.

SPEAKER BARGAINS

2WAY 10 WATT
SPEAKER KIT

8" bass/mid range and 3%
tweeter. Complete with screws
wire, crossover components
and cabinet. Al wood pre-

cut — no cutting required
Finlsh - chipboard covered
wood simulate. size 14%""x
8% x 4" PAIR for ONLY

£12.50 plus £1.75 p&p.

All mail 1o
218 HIGH STREET, ACTON, W3 6NG.

Note. Goods despatched 10 U.K. postal addresses only
All items subject to availatxlity. Prices correct at
31/5/83 and subtect 10 change without notice

Please allow 14 workling days fromereceipt of order
for despatch. RTVC Limuied reserve the right 10 up-
date thélr products without notice. ANl snqulries sand
S.A.E. Telephane or mail orders by ACCESS welcomé

ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2, Telephone: 01.723 8432,

{5 minutes walk from Edgware Road Tube Station)
Now open 6 days aweek 9 — 6. Prices include VAT

R||IThHV]IC
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Sparhriie

o lreurtuetity BRANDLEADING ELECTRONICS
Py NOW AVAILABLE IN KIT FORM

VOYAGER Car Drive Computer

® A most sophisticated accessory ® Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd @ Affords 12 functions centred
on Fuel. Speed. Distance and Time @ Visual and Audible zlarms
warning of Excess Speed, Frost/Ice. Lights-left-on @ Facility to
operate LOG and TRIP functions mdependentlr or synchronously
@ Large 10mm high 400ft-L fluorescent display with auto

: : \ 3 intensity. ® Unique speed and fuel transducers gIVInE a
e : . programmed accuracy of + or —1%. @ Large LOG & TRIP
. FL e memories. 2.000 miles. 180 gallons 100 hours @ Full Imperial
J ‘ 114

and Metric calibrations. @ Over 300 components to assemble

A real challenge for the electronics enthusiast!
Electronic Car Security System

@ Arms doors. boot. bonnet and has security 100p to protect
fog/spot lamps, radio/tape. CB equipment

® Programmable personal code entry system pra, il

® Armed and disarmed from outside vehicle using a special } b
magnetic key fob against a windscreen sensor pad adhered to = O
the inside of the screen @ Fits all 12V neg earth vehicles r’: £

@ Over 250 components to assemble I 4

Electronic Ignition Electronic Ignition
® Inductive Discharge
® Extended coil energy @ Contactless or contact triggered
storage circuit @ Extended coil energy storage circuit
@ Contact breaker driven @ Inductive Discharge @ Three position
@ Three position changeover switch changeover switch @ Distributor
® Over 65 components to assemble triggerhead adaptors included @ Die cast
@ Patented clip-to-coil fitting weatherproof case @ Clip-to-coil orremote
@ Fits all 12v neg. earth vehicles mountingfacility @ Fits majority of 4 &6 cyl
12V. neg. earth vehicles ® Over 145

components to assemble

TX2002

Electronic Ignition

©® The ultimate system ® Switchable
contactless ® Three position switch with

Auxiliary back-up inductive circuit
@ Reactive Discharge Combined capacitive
ang inductive @ Extended coil energy storage
circuit. ® Magnetic contactless distributor tngger
head ® DlStl’IgutOf triggerhead adaptors included
® Can also be triggered by existing contact breakers

Electronic Ignition
® The brandleading system
on the market today
@ Unique Reactive Discharge
® Combined Inductive and
Capacitive Discharge

@ Contact breaker driven ® Die cast waterproof case with clip-to-coil fitting ® Fits
® Three positionchangeover switch majority of 4 and 6 cylinder 12v neg. earth vehicles
@ Over 130 components to assemble ® Over 150 components to assemble

® Patented clip-to-coil fitting
@ Fits all 12v neg. earth vehicles Al SPARKRITE products and designs are fully covered by one or more World Patents
.

MAGIDICE

Electronic Dice
SPECIAL OFFER

“"FREE” MAGIDICE KIT WITH
ALL ORDERS OVER £45-00

® Total random selection

® Triggered by waving of hand
over dice

® Bieeps and Mashes during a 4 second
tumbie sequence

® Throw displayed for 10 seconds

® Ayto display of 1ast throw 1 secondin §

® Muting and OH switch on base

® Hours of continuous use Irom PP v

® Over 100 componentis (o assembie

SPARKRITE, 82 Bath St., Walsall, W. Midiands WS1 3DE

(] L _ I 3
SPARKRITE 82 Bath Street, Walsall, West Midlands. WS1 3DE England

| RANE o
) Xy ADDRESS ___ _

SX 1000 £12.95 —— e
I sx2000 | £19.95

1 TX 1002 £22.95 S /P T RDERS FOR
l ngw% _52.9_5_ IENCLUSE(.HEOUE(S:/ OS ALO vt )"0

AT 80 £32.95 [ _ KITREF ___ I
l VOYAGER | €64.95 CHEQUE NO e

MAGIDICE £9.95

eronevourorperwitH IS [N

PRICES INC. VAT.POSTAGE & PACKING SEND ONLY SAE IF BROCHURE (5 F IIRED
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AMPLIFIERS [iEfe

Over the last few years we have received feedback via

the general public and industry that our products are
from Taiwan, Singapore, Japan, etc... ILP are one of

the few "All British’ electronics Companies manufacturing
their own products in the United Kingdom. We have proved
that we can compete in the world market during the past
12 years and currently export in excess of 60% of our
production to over twenty different countries — including
USA, Australia and Hong Kong. At the same time we are
able to invest in research and development for the future,
assuring security for the personnel, directly and
indirectly, employed within the UK. We feel very proud
of all this and hope you can reap some of our success.

|.L.Potts — Chairman

WE'RE INSTRUMENTAL
# IN MAKING A LOT
OF POWER

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

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

BIPOLAR MODULES MOSFET MODULES

Module | Output | Laad DISTORTION Supply [Modute |Output] tosd | DISTORTION | Supply
Number | Power |impedance| T.H.D. IM.D. | Voltage i { Number | Power | impedence| T.H.D. 1.MD. | Voltage
Watty . Typ st 60Mz/ Tvp | Watts 0n Typ at 60Mz/ Tve
rms 1KHz TKHz a:1 + ms TKHz TKHz a:
HY30 0.015% <0,006% 18 76 x 68 x 40 1 5128 60 4-g <0,005 <(.0069 1 45
HY60 15%  <0.006% | £25 [76x68x40 5 MOS 24 31 )

4.€ <0.( < 6
HYB060| 30 + 30 - 5 < 0.006f & 2¢ x 4 M( a <0.0 <0.006% D
HY124 60 0.01% «<0.006 % 2¢ a0 75 -

MY 128 60 B <0 A0 Protection: Able to cope with complex loads without the need for very special
HY 244 120 < protection circuitry {fuses will suffice)

4

HY248 120 < 5% 1 Slew rate 20v/ps. Rise tume: 3ps. S/N ratio: 100db
HY 364 180 < 3% 1 _‘ Frequency response {(—3dB): 15Hz — 100K Hz. Input sensitivity: 500mV rms
HY368 180 < 2 £ Input impedance! 100K f1  Damping factor: 100Mz > 400.
. A viteinfnbntio e}
Protection: Full load line. Slew Aate: 15v/ps. Risetime: Sus. SIN catio: 100db. ‘NEW to ILP’ In Cur Entertainments
Frequency response {—3dB} 15Hz — 50KHz, Input sensitivity: 500mV rms.
Input Impedance: 100K fL . Damping factor: 100Mz >400, Ci15

Mono Power Booster Amplifier 10 increase the output of your existing car racho

PRE-AMP SYSTEMS or cassette player 10 8 nominal 15 watts rms.

— T e — I — — Very easy t0 use,
Module Module Functions Current | Price inc. - ] £9.14 (inc VAT)
obust construction . .
Number = ‘unbd VAT i
HYE Mono pre amp | Mic/N Cartridge/Tuner /T ape 10m/ Mounts anywhere in car.
i ;"" ! ass/ Treb! , s ‘ Automatic switch on
n ic/M rte e) 2
' N ¢ | Output power maximum 22w peak into 451
\ Frequency response (—3dB) 15Hz to 30KHz, T.H.D. 0.1% at 10w 1KHz
. M S/N ratio {DIN AUDIO) 80dB, Load tmpedance 31
input Sensuitivity and impedance [selectable) 700mV rms in10 15K £ 3V rms in10 8L
- —_— —_- — Size 95 x 48 x SOmm. Welght 256 gms.

Most pre-amp modules can be driven by the PSU driving the main power amp. —— — —— — e — —
A separate PSU 30 Is available purely tor pre amp modules if required for c151% .
£5.47 linc. VAT). Pre-amp and mixing modules in 18 ditferent variations, Stereo version of €15, £17.19 (inc. VAT)
EeRyssad for dvlels. Size 95 x 40 x 80. Weight 410 gms.

Mounting Boards
For ease of construction we recommend the B6 for modules HY6—-HY 13 £1.05
{inc. VAT) and the B66 tor modules HYS6—-HY 78 £1.29 (inc. VAT}

POWER SUPPLY UNITS (i Drating our ow orodal transtormers)
e R — - . — - — =
Mool For Usa With [Price inc. | Model For Use With | Price inc Model | For Use With | riceine
Number VAT | Number VAT Number | varv
_ —= = —_— - e v
PSU 21X r 2 H 7 2
| 2 £17.86 |

PSU 42X |1 x HY128 { [ X £17 86

PSU 43X {1 1 MOS128 £ | X |

PSUSIX |2x HY128, 1 x HY244 € " | 27 § |
— _ - — — — 4
Please note: X in part no. indicates primary voltage. Please insert in place of

X tor 110V, "1 in piace of X for 220V, and 2" in place ot X for 240V,
s M
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% Gold service available.
21 days manufacture for urgent
deliveries. :

% Orders despatched

The toroidal transformer is now accepted as the standard in

industry, overtaking the obsolete laminated type. Industry has With_in 1 day.s of
been quick to recognise the advantages toroidals offer in size, receipt for single or
weight, lower radiated field and, thanks to I.L.P., PRICE. small quantity orders,

Oug IGarge standard range is complemented by our SPECIAL

DESIGN section which can offer a prototype service within 7 DAYS .
together with a short lead time on quantity orders which can be *5 year no quibble
programmed to your requirements with no price penalty. guarantee.

SE:;ES SECONDARY RMS PRICE TYPE SERIES SECONDARY RAMS PRICE TYPE SERIES SECONDARY RMS PRICE

TYPE
Volts Current No Volts Current Mo Yolts Current

120 va  4x010 646 300 va
62x34mm  0x011 949 90 x 40mm  4x011 9+9 110 x 50mm

0.35Kg 0x012 12+12 4x012 12412 2.6Kg

1
o 1.2K

R 0012 G A 2 §_‘ £5.12 Reglu‘l(aﬁon 4013 15415 £7.42 | resvaton 2 % £40.88
)

15va  ox010 646

19% 014 18+18 +p&pLO.78 axQi4 18418 6%
8:015 22422 &A?co.as 4x015 22422 «p&pf1.72 +p8p£205

5 4x016 25425 + VATE£1.37 b + VATE1 94
D B O UALTEiE 4x017 30430 TOTAL £10.51 TOTAL £14.87
. : . 4x018 35435

4xQ28 10

{encased in ABS plastic) =
41030 240

30va  ixo0t0 646
70x30mm  1x011 949 £5 49 160 va  5x011 500 va
0.45Kg 1x012 12412 L o 110 x 40mm 5x012 140 x 60mm 8
Regulation 1x013 15415 +papf£110 1.8Kg 5x013 4Kg £1 4 38
18% 12014 18418 + VAT £0.99 Regulation 5x014 £8 43 Regulation o
tx015 22422 X TOTALE7 58 8% 5%015 o a% E +Dp&DPE240
1016 25425 X 5x016 +p8pLI T2 5 + VAT£2.52
1X017 30430 5%017 + VAT£1.52 TOTAL£19 30
5x018 TOTAL£11.67
50va  2x010 6+6 5x026
80x35mm 2x011 9+9 .7 6x)28
098Kg  2x012 12412 ! 5x029
Regulation 2x013 15415 . 5x030
13% 2x014 18418 £6-13
2x015 22422 +08pE£1.35 625 va 9017
2x0t6 25425 i + VATE1 12 225 '40;«75"\"\ 3'8;2
2x017 30430 TOTAL £8.60 VA 62012 9 * ’
2x028 10 1108 45mm 6x013 Regulation  9:025 £1 7-1 2
2x029 220 ) 2.2Kg  6xQ14 I a% 9:033 +p8pE2 55
2x030 240 Regulation 6x015 £9 81 91042 . + VATE2 95
7% 6x016 [ 5 9x028 TOTAL £22 62
80va 3x010 6+6 6x017 +papE20S 91029
90x30mm 32011 949 6x018 f + VATE1 78 95030
1Kg 012 12412 6x026 TCTALE13.64
Regulation  3x013 15415 £6-66 6x025
12% 3x0t4 18418 +papLL72 6xD33 .
3x015 22422 ’ + VATE1.26 6x028 0 y
3x016 25425 TOTAL £9.64 62029 A_LSO AVAILABLE .
%017 30430 6x030 Sizes up to and including SKVA are
3x028 110
3x029 220 manufactured to order.
3x030 240 0.33

The benetits of ILP toroidal transtormers
fLP torodal translormers are only halt the weight and height of their liminated A IQUETEIOEN © OERE] & WRRE s
For 220V primary tEurope) insert 1 n place of X 1 type number

equivalents, and are avarlable with 110V 220V or 240V prnimaries coded as follows
rimary (UK n X n nun
IMPORTANT. Reguiation — All voltages quoted are FULL LOAD. Please add regulation figure 1o secondary For 240V primary (UK)nsert 2 DICE0 MGEIamE

voltage to obtain oM toad voltage Also available at Electrovalue,Maplin,
TECHNICAL SPECIFICATIONS
NEW I U I 'MODULE B - HR314 HR614_
';uoul Voltage | +13.8v £ 5% +13.8 26% |
HYBRID REGULATOR MODULES | =i T || e
| Current limit {nominal} | 3.5A approx 7A approx
The HR314 and HR614 regulated power supplies provide Maximuym [nput Voltage +30v +30v
a constant 13.8 volt d.c. output at up to 3 Amp or 6 Amp x"""“‘"‘ ""D”'f“’/"'l"’ge . ‘ ‘2'3: "2:'
. ; i f .
respectively. The modules are encapsulated to an integral e R L e
heatsink and are fully short circuit protected making them Maxlmum output current at 30v Input 1.8A approx 354 appiox
suitable for home or bench running of CB, car stereos or Outpul ripple {100Hz) See Note 1 10mV rms «10mV rms
any 12 volt d.c. equipment required for many hobby or Size in mm. | 76 % 68 x 40 high | 120 x 78 x 40 high

professional applications.
POWER SUPPLY UNITS: comprising toroidal transformer

o plus 90 x 50 x 55 mm high printed circuit board containing
HR314 £1023 !nc. VAT smoothing and rectification
HR614 £18.51 inc. VAT PSU31X Suitable for running one HR314 at full rated current.  £13.17 inc. VAT

PSUS6 X Suitable for running ane HR614 at full rated current.  £19.13 inc. VAT

For 110v cperation insert O in place of X — orown primary leads.
220v (Europe} operation insert 1 i place of X — pink primary feads.
240v (UK) operation insert 2 in place of X — orange primary leads.

Post 10 ILP Electronics L1 Graham Bell House Hoper Close
Canteroury CT2 7EP Kent Engtana
. Telephane 10227154778 Tetex 95780
For mail order please make your crossed cheques or postal
f orders payable to ILP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.

ELECTRONICS LTD
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Build and test your
own circuit with the New
Verobloc Kit %

L)
‘l

F/

‘Iry the new prototyping method of building and
testing circuits with the British-made Verobloc kit.
It consists of:

1. Verobloc. 2. A pad of design sheers for planning
the circuits. 3. A component mounting panel for the
larger components, i.e. switches, etc.

You can expand the circuit area by simply
interlocking two or more Veroblocs and, of course,
with normal usage, they can be used time and time
again without damaging contacts or component leads.
‘The glass nylon material is virtually unbreakable and
able 10 withstand temperatures from -60°C 10 +120°C.

So take advantage of our special price of £5 per kit

including VAl by completing the coupon below, or
telephone (04215) 62829 (24 hours). This offer closes
December 31st, 1983.

We are exhibiEing at the following exhibition, so why |
not come along and see the products for yourself.

Personal Computer World, The Barbican,

” September 28-October 2. Stand No. 159.

Our new catalogue containing over 150 new products
is available from mid-October.

BICC Vero Electronics Limited,
Retail Dept., Industrial Estate,
Chandlers l'ord, Hampshire,

SO5 37R.

D TN D D G AR AR GIEE SR TGS
[ wish to purchase \erobloc kit/s
at £5 per kitinclusive of VX1 tor a towal of [
| enclose my cheque/posial order or Debit my

Access ”JFLIJVLer No l)uluu where |ppru|\r| e E! VISA
b _,_ et
l l | I

Numc:
Address:
Posicode

| HENRY'S |
AUNIO ELECTRONICS

COMPUTERS » COMMUNICATIONS © TEST EQUIPMENT s COMPONENTS
VISITOR PHONE = OPEN 6 DAYS A WEEK » ALL PRICES INC VAT

£33.24
£34.40
£41.30

THERMAL MATRIX | DIGITAL MULTIMETERS

\ & LINE PRINTER mwith case {rotary swilches)

‘) 4-Side butten - case £2.95
KD305® 16 range 104 OC
2 meg ohm £26.95
KD30C ® 26 range 1A
AC/0C 20 meg chm £29.50

150 1o 180 LPM » Full 96 JH ASC Il « 40 CPL 260 Oats 20 meg ohm

P/L » Auto-underline * SO Graphic Symbots « Back Space | 6010 - 28 range 108 AC/OC 20 meg ohm

Selt Tesl » VU/HOR TABS-» 7 x 10 Malrix © 4.4° Wide 7030 4- AS6010 high acc 017 basic

Paper = Bidireclional « 220/240V AC» KD615 @ 16 range tOA OC 2 meq plus

Bench Modets

A compact 16 button keypad TM355 29 range LED 104 AC/0C 20 meg

suitable for use with cherry Thandar £86.25

keyboard 1o extend lts functions. TM356 26 range LCO 104 AC/0C 20 meg

Supplied brand new with data

KD25C @13 range b 2A OC
COMPLETE WITH FULL £|29 "
HANOBOOK 3 ADLLS PAPER 95 wr K 0S5C @ 28 range 10A AC/0C 20 meg chm  £32.50
Size Approx 98x28x 7.2 Hie tesler £39.95
Thandar £97.75
A 4x 4 non-encoded single

2 meg ohm £23.50
£113.00 - VAT [UK postetc £ 05| fustapprox £187] | Metex 3000 @ 30 range 10A AC/DC
StFAM 22008 2% range 2A AC/0C 20 m £39.95
‘CHERRY'ADD-ON KEYPAD e “
TM351 29 range LCO t 0A AC/0C 20 meg

inc. VAT) | Thandar £120.75
mode keyboard 5.95 ulx C/P ;,,'e SIFAM 250024 rangelCO2A AC/0C 20 meg £99.95
ALSO IN STOCK Thurlby. Metrix and Beckman.
RECHA RG EAELE BATTE RIES Professional series incl, True Rms._ eic.
AA ar HPT size batteries
ML 00 MULTIMETERS 1k c/p 501

Charger takes up 1o 4 any size
112V rechargeables also. t x PP3 size
UK C/P 65pt

HM102BZ 20K/V 104 OC 22
£6.95 range & cont. buzzer £13.50

:VCSOOO 2) eanges 50KV =
ange doubler 104 OC £18.95
SPEAKERS. TWEETERS TMK500 23 ranges 30K/V
AND CROSSOVERS L?.:S%D%S“cun;;umr £23.95 pors
M R V.22 range nockcl £
:I‘I"F;%ESM L T ECHIR lﬂ g5 |ETU102 16 range 2%/V pocket £6.50
WIF20ESM 4 ohm version 8 8304 26 range 30K/ V. 10A AC/0C overtoad
{UK C/P £1 00) £4.95 |Drotection. elc £23.95
P 360TR 23range 100K/ V. Large scafe 104
AC'le]C DI“JS Hle £39.95
HT25 2", 8 ohm 15 watt AT2100 31 range 100K/ V deluxe 124
= tweeter parr £3.50 [AC/DC £33.50
AT1020 18 range 20K/ V. Deluxe plus Hie
tester £18.95

HIFB7 BSM4 B dhm 30/50 YN3BQTR 19 range 20K /V plus Wl tester  £15.85

watt mid range £4.95 | SR E-5
SIGNAL GENERATORS 1220/240v AC
PH303 Bohm 15 watt pair £3.50 | FUNCTION - &1l sine /square
SR A £3.50 |iriangle TTL elc TG100 1 HZ 100 KHZ £90.00
L]
HT315F5 13, 8om LGU"?S"“” ZMAL £166.75
! 30 walt tweeler Pair £5.50

TG10S Varigus tacilities SHI 5 MH?  £97.75

AUQIO : Multiband Sine Sguare

LAG27 10 Hz 1o 1 MHy £90.85

Pair £3.00 | AG202A 20 Hzto 200 KHz (List £9450] £83.50
RF

{./ CN383 way Bohm 1S wali  Palr £2.00
SMID0 40 wett version
{UK C/P B65p per 1to 3items)

IN STOCK

Large range of semi-conduciors. tools. comporients.
accessories, cordtess and efectronic 1elephones
C.8. equipment elc.

LOGIC PROBES ‘
LP10 10 MHZ

DLP50 50 MHZ wilh l:z"'cise lnd
accessories £52.33

HIGH VOLTAGE METER

$G402 100 KHz 10 30 MHz 1is1£7950] £69.50
LS617 100 KNz to 150 MHz 1

OSCILLOSCOPES
Full specihcation any rodel
an request SAE by post
‘WM Series HAMEG: SC
THANDAR: €S TRIO:
‘3" CROTECH "0T Safgan
SINGLE TRACE UK C/P£300
3030 15 MHZ Smy 95mm tube plus component
tester C/P £3 00 £177.10
SC110A® Mimature 10 MH7 baltery portadle

3]

xS

Olrect reading 0/40 KV Post leee "

20K/ HM10315MHZ2my 61 7 display plus

OK7ValtS, E23i08NIURICYPI6o8) component tester C ‘P £3 00 ! £181.70

D carrycase£6 84 ACadaptor £6 69

DIGITAL CAPACITANCE Micads £12 50 DUAL TRACE {UX C/P £4.00)

METER DY 520 Dual 20 MHZ £24150
HM203/4 Qual 20 MHZ plus componen|

01 pf 10 2000 md LCO 8 ranges tesler £303.60

DM6013  £52.75 CS15624 Oual 10 MKz JList £321.00] £269.50

3131 Ouai 15 MHZ - component fester £276.00
S CS1566A Dual 20 M¥Z Al fagiibes fList £401 35)
TRA NSISTOR TESTER HM204 Oual 20 MHZ plus companeni tesier
Direct reading PNP. NPN etc sweep delay £419.75
¢ OPTIONAL PROBE KITS
X)-£2.95 X1 X10£10.50 X10 £9.45

FREQUENCY COUNTERS

PFM200A 200 MHZ hand heid pocke!
8 digit LED £77.60
MET1008 digitLED bench2 ranges 100 MHZ £102.35
MET6008 digitLED bench 3 ranges 600 MHZ £132.25
MET1000 8 degit LED J ranges 1 GHI
Tamp twin meter TFOA0 B digit LCO 40 MHZ. Thandar

TF200 3 digit LCD 200 MHZ. Thandar

HENRY'S [Cubegate Limited | RN

OF OUR STOCK.
404-406 Edgware Read. London. W2 1E0 CALLIN ANO SEE
Computer: 01-402 6822. Components: 01-723 1008 FOR YOURSELF.
Test Equipment & Communications: 01-724 0323

FREE CATALOGUES -
RUDIO €LECTRONICS

SEND LARGE S.A.E. (20p UK]
301 Edgware Road, London. W2 1BN

£21.95
(UK C/P 65p]

l\#\cﬁlfll\mi POWER SUPPlIES
PP2410/12/23¥.0/1A £35.00
PP243 Jamp verslon  £59.95
PS13075 8/15v

ORDER BY POST OR PHONE.

01-724 3564 (All mail to this address)

Practical Electronics  October 1983
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HOME LIGHTING KITS

These Lits contsin ol nevessacy componénts and full
nsiructions & are designed 10 replace 8 standard wall
eh Bnd control up to 300w of lighting
300K Asmote Control £14.30
Dimmer
MK6 Trenamitier for abova £ 4.20

Touchdimme: £ 7,00
crswach £7 .00

e 2ok £ 2,50
£3.50

TD300K

Rotary Controlled
Dimmar

ELECTRONIC LOCK KIT XK101
This KiT contains a purpose designed lock IC,
10-way keyboard, PCBs and alt components
to construct a Digital Lock, requiring a 4-key
sequence to open and providing over 5000
different comblnations. The open sequence
may be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to
15 V d.c. at 40uA. Ouput: 750mA max.
Hundreds of uses for doors and garages, car
anti-theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied.  gNLY £10.50

Electric lock mechanism for use with latch
locks and above kit £13 50

“OPEN-SESAME"
The XK1031s 2 general purpose infra.red transmiter
recaver with ong momentery Inofmaliy open) relay
CONtact and two latched transistor outputs
Desgned prmarily 101 controlling motorsed
doors and two auudhiary outputs tor drive garage
ghts 21 a range of up to 40 ft The unit also has
Numerous aDDIICALIONS N the home for switching
ghis. TV. closing curtamns. otc loeal for agea
disabled persons
The Kit comprises a mans powered recever. a four
button trangmutter. complete with prg-driled bos
equinng & 9V battery and one opto-130lated soigd
state s Wit for inter-facing the secewver 1o mans
Apphances. As with ail our hits, lull instiucions gre

ONLY £23.75

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes PCB. wound
aerial and crystal earpiece and all componer.'s
to make a sensitive miniatuse radio. Size: 5.5 x
2.7 x 2ems, Requwes PP3 8V battery. IDEAL
FOR BEGINNERS. £65.00

d¢ 3.NOTE DOOR CHIME 43
Based on the SABOB0OC IC the kit is supplied
with all components. including loudspeaker,
printed cieuit board. a pre-drilled box {35 x
71 x 35mm| and tull insiructions. Requires
only a PP3 9V battery and push-switch to
complete AN IDEAL PROJECT FOR BEGIN

NERS. Order as XK 102 £5 (0]0]

Have you got our FREE GREEN CATALOGUE yet?

NO?! Send S.A.E. 6 x 9

TODAY!

It's packed with details of all our KITS plus large range of SEMICONDUCTORS
including CMQOS, LS TTL, linear, microprocessors and memories; full range of
LEDs, capacitors, resistors, hardware, relays, switches etc. We also stock VERO
and Antex products as well as books from Texas Instrunents, Babani and Elektor
ALL AT VERY COMPETITIVE PRICES.

ORDERING IS EVEN EASIER — JUST RING THE NUMBER YOUCANT

FORGET FOR PRICES YOU CAN'T RESIST.
and give us your Access or 3arclaycard'No. or write enclosing
cheque or-postal order. Official orders accepted from schools, etc.

MINIKITS

MK1 ELECTRONIC THERMOSTAT
Uses LM3911 1C to sense lemperaturs
80°C mau| and tract 10 swilch heater
{IKWI Mains powereci 4 00
MK2 SOLIL STATE RELAY
Switches 240V ac mators, Ights
heaters from logic/Computer Circuits
Zero voitage swilching, opto solated
Supplied without Itac 260
MK4 PROPORTIONAL
TEMPERATURE CONTRDLLER
Uses "burst fie”” lechngue 1o mair
1ain temperalute 10 within 0 5°C ideal
lor photography, nCubators. wine
maing, eic Max load 3KW {240V
sct Temp range up 10 90°C {556
MKS MAINS TIMER

Mains powered hmer enabhng & (oad
up 10 IKW 21 240V a¢ 10 be switched
on {01 off) tar a vaniable ime from 20
mins 10 35 trs. Longer o shorfe
penods  possible  with nor
companent changes 500
MK15 DUAL LATCN(D sotio
STATE RELA

Compirses twa Mﬂh with fateh cucun
enabling the MX12 it to control twa
mains loads independently  fwo
output Inacs not  supphed 1Sn
remote conirol €as50

W‘ MK19 DC CONTROLLED
AUDIO AMPLIFIER
MIV be used with virtually gny stervo
aucko  ampbher 1o control bass
volume, Ireble and balance temolely
either yusing 3 wire ink or the MK)*
integ red receiver A 1 at 10 decoder
with LEDS s also included lor remole
put selection display  (Se mole
trol kits 1 £10 70

Answering
service evngs
& weekends

COMVMIPONENTS

a wide range in stock including:

LINEAR
ICs

120
210
220

‘now OPEN. OPEN COM PUTER

ALL PRICES EXCLUDE VAT

MICROPROCESSOR CONTROLLED
MULTI-PURPOSE TIMER

Now you can run your central heating, hghting, hi-fi system and lots
Al your selection i is
designed 10 control four mains outputs independently, switching on
and ot al pre-sel limes over a 7 day cycle. 6.9. 10 control your central
umes for

more with just one programmable timer

hesting [including different switching

oo

weekends). fust

connect i 10 youwr system progremme and set it ard forgel il—the

clock will do the rest
HEA TURES INLLUDE

FAST SERVIGE - TOP QUALITY - LOW LOW PRIGES

No circuit is complete without acallto -

Now only £39. 00

(K1t includes all compunents, PCB
box. assembly and programming

Order as CT6000

XK 113 OPTIONAL RELAY «IT
K

£3.90

6pm Sat 10am — 4pm

We also stock peripherals and
accessories - disc drives, printers,
joy sticks etc. together with a
wide range of books and the lztest
software for all the above
computers including 2X81

SEND S.A.E. FOR LIST TODAY!
COMPONENT PACKS

PACK 1650 Resisiors 47 ohm to "0 Mohm
10 per value £4.00

PACK 240 « 16V Eiectroiytc Capacnors
1QuF 10 1000.F — Sper vilue £3.25

PACK 36C Polyester Capacitors 001 1c
1,F 250V ~ 5per vaise £5.55

PACK 4 45 Sub-miniature Presets 100
1ohm 5 per value £2 90

PACK 5 30Low Protie IC Sockets K. 14 and 16

pin — 10 0f each £2.40
PACK 6 25 Red LEDs 15mm dia | £1 25

hm (¢

24 HOUR CLOCK/
APPLIANCE TIMER KIT

Switches any apphiance up 10 ThW onand off ar
presst hmes once per day comans
AY-512301C. 0 5" LED dispiay. mains suddly
display dnvers. swiches. LEDs. triacs PCBs
and tull instsyctions Bl
CTI000KBasicKd £14.90 -
CTI000K with while bos
56 131+ 7°"mm)  €17.40
Ready Buwt €22 50

—

UXBRIDOE ROAD

DISCO LIGHTING KITS

Dt 000K

Trus value for money kit fes-

tures a bi-dwectional e

quence. speed of sequence

and frequency of dwection

change. being vaniadls by means of poten
tiometers 3nd ACOrPOrAtEs & Master

dawmeming contsol £ 14 60
OLZ1000K

A lower COSt version of the above, lesturing
undirectionsl channel sequence with speed
variadle by mesns of 3 pie-set pot. Outputs
switched only St Mains 2610 Cr0s8ING DOINts
10 reduce rado interfergnce 1o & Minimum

£8.00
oty 60p

Tris 3 channel sound 10 ight kit features
2e10 voltage swilchmng, aulomatic level
control and budt i mic. No connections to
speaker or smprequired Noknobs 10 agjust

simply connect to mans supply and

lamps 11Kw channel| Only £11.95

LCD 372 DIGIT MULTIMETER
16 ranges including DC voliage (200 mv-1000
v} and AC voltage. DC current (200 mA-10 A}
and resistance (0-2 M} + NPN & PNP transistor
g.ln and diods check. Input impedance 10M.

ize 155x88x31 mm, Requires PP3 9v battery

ONLY £29.00

Optional 0p10 input DLAT
Aliowing sudio " beat igM

Test leads included

HOME CONTROL CENTRE

This kit enables vou 10 control uo to 16 ditfarent
apphances anywnese w the house from the

your armchait The transmatter
nects coded pulses N1O the mains which are
decoded by receiver modules connected to the
same mamns supDly and Used 10 Switch on the
applance agdressed  Tne trangmitter aiso
ncludes s COMPUTER intertace so you can pro
gramme your favourte m leg 2X@Y to
SwiTCh 1,ghts. heating. electuc bigniet. make
vout morming coffes etc  sulomatiCally
WwHNOUL r@wng YOul house JUST THINK OF
THE POSSIBILITIES. The kit nciudes all PCBs
and components 107 one transmitter BN tw
recervers plus 3 pre-aniled Bbo: for Ihe

transmater

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

REMOTE CONTROL KITS

FOR A DE 'AIK(O BOOKLEY ON REMOTE CONTROL
send 30p
SIMPLE mrunm VIANSMIVY!I
d wiih hand neld plsstic bor Re

PE i baltery
MKY INFRA RED RECEIVER
Mains cowerad wilh 118C Outpul 10 EwiCh wp 10
S0OW st 240V oc Range sporor 20 1 on oft
£9 00
MEE MK Y
€12 50
recmve’
€190

500K oree  to
Mus 4WWAY KEVBOARO
K MK 12 transmirer
ly & equired
VK10 16.WAY KEY BOARD £5 40

contioling
brightness of alamp. e
MK12 18 CHANNEL LR RECEIVER
A mang powsred LR Re

et reu
- volyme ol an amphi.
02

\me SLAIO This w4
COMOONENIETD Make & EOTRT tranEm oq
MK 9. MK 10 02 MK 1Y 5.8

approx. 60 1 [6 20
+in KT8 ang MK 1Y
fa

B - t3cm
MK13 17 way heyboss
hits 35

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design 15 based on

the (CL7126 (2 lower power |

version of the ICL7106 chip) @

and » 32 digit liquid crystal

display. This kit will form the =

basis of & digital muliimeter

{only 2 few aaamonal resisiors and svmtches

ora

thermometer  |-50°C to  +150°C)
to 0.1°C. The basic kit has a

sensitivity pf 200mV for a full scale reading,

automalic polarity indication and an ultra

low power fequirement—gliving 8 2 year

typical bettery life from a standerd 9V PP3

when used 6 hours 8 dav, 7 days a week

Price £15.50

Add 65p postage & packing « 15% VAT 19|
total Overseas Customers;
Add £2.50 |[Europe), £6.00 lelsewherei for

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

9 Spm (M Fri)
OPEN ar;\ol:m ?;149":);1520" I

AUINGANORTH
CIRCULAR RD =W

ELECTRONICS™

11-13 Boston Road

London W7 3SJ

October 1983

ACCESS TEL

nd
BARCLAYCARO
welcome

01-567 8910 ORDER
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL afTeR 30w




DIGITAL ULTRASONIC DETECTOR
US 5063

|
Lo

® 3 levels of discrimination agawnst false ‘

alarms.
@ Crystal control for greates stability
& Adjustable range up to 251t
@ Built-indelays
® 12V operation
This advanced new module uses digital signal
processing to provide the highest level of

ity whilstdiscrimi potenfal |
faise aiavmcondmons The module has a built- |
,together with

a seleclable entrance delay plus many more
outstanding teatures. This advanced new
module is avallable at

only £13.95 + VAT

ULTRASONIC MODULE
Us 4012

® Adjustable range fiom 5-251¢
This populat low cost ultrasonic “detector is |
already usedin a widerange of applfications from
ntruder sto light s

and door opening equipment. featuring 2LED |
indicators for ease of setting up, the unit
represents outstanding value at |

£10.95 + V.AT.

INFRA—RED SYSTEM
IR 1470

separatetra tter and recewver
bolho! wmcnarehouseomatnacllvemoulded
cases. the system provides an lnvisible

I beam over ot up to 501,
opetating a relay when the beam is broken
Intended for use in secunty systems, but also |
ideal for photographic and measuvemenl

i the systemisavail

only £25.61 + V.A.T.

Build your own

system and
SAVE POUNDS!

ALARM CONTROL UNIT
CA 1250

Thehearto! any alarm systemis the controlumit

The CA 1250 offers every possibléfeature that

is likely 10 be required when constructing a

system whether a8 highly sophisticated

installation, or simply controlling a single

magnetic switch on the tront door

® Built-inelectronic sirendrives 2loud speakers

® Provides exit and entrance delays together
with fixed alarm time

® Battery back-up with tnckle charging facility

® Operates withmagnetic switches, pressure
pads, uttrasonic or |.R. units

® Anti-tamper and panic facility

® Stabilised output voltage

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

@ Screw connections for ease of installation

@ Separate relay contacts for switching external

loads
® Testloop facifity

Price £19.95 + V.A.T.
SIREN & POWER SUPPLY MODULE

PSL 1865

Acompletesiren andpower supplymodule which
is capabie of providing sound levels of 1 10dbs
81 2 metres when used with a horn speaker. In
addition, the unit provides astabihsed 12V output
upto 100mA. A switchingrelayss alsoincluded
50 that the unitmay be used in conjunction with
the US 5063 or US 4012 to form a complete
alarm

Price £9.95 + VAT,

HARDWARE KIT
HW 1250

only
£9.50

This attractive case 1s designed to house the
control unit CA 1250, together with the

POWER SUPPLY & RELAY UNIT
PS 4012

Provides stabilised 12V output at 85mA and |
corua-ns arelay with 3 amp conlacls Theunit |
hupto. sts

or 1 infra~red unit IR 1470, Price £4.25 + V.AT.

SIREN MODULE SL 157

Produces aloudpenetratingsliding tone which,
when coupled to a suitable horn speaker,
produces S.P.L.'s of 110dbs at 2 meues
Operating from 9- 156V, the module contains an
inhibit facility for use in ‘break to activate
cirguits. Price £2.95 - VAT

5%" HORN SPEAKER HS 588

This weather-proof horn speaker provides
extremely high sound pressure levels {1 10dbs
a1 2 metres) when used with the CA 1250, PS
1865 or SL 167 Price £4.95 « VAT,

3-P0OS. KEY SWITCH 3901

Sipgle pole, 3-pos. key switchintended for use
with the CA 1250. Price £3.43 « VAT

All modules are supplied with
comprehensive instructions,
Units on demonstration.
Shop hours 9.00-5.30 p.m.
Wed. 3.00-1.00 p.m.

SAE with all enquiries.

Add VAT to all prices.
Add 50p post. & packing to all
orders
Order by telephone or post
using
your credit card. IA

HW 5063

PP Op! LED indicators and key switch
Supplied with the necessary mounting pillars and
punched front panel, the unit Is given a
professional appearance by an adhesive silk
screened label

HARDWARE KIT

only
£9.95

This hardware kit provides the necessary
enclosure for a complete selt-contained alarm
system whichincludes the US 5063, PS 1865,

loud speaker type 305 and key switch 3200

Atfractively styled, the unit when completed

provides an etfective warning system without
installation problems

ULTRASONIC MODULE
ENCLOSURE . o

only

(295 4
+ VAT, °

Suitable metal enclosure for housing anindividual
ultrasonic module type US 5063 or US 4012

Supplied withthe necessary mounting pillars and
screwsetc. ForUS5063order SC 5063: Yor

US 4012 order SC 4012

RiSCOMP LIMITED
Dept. PES5,
21 Duke Street,

Princes Risborough,

Bucks. HP17 0AT
Princes Risborogh (084 44) 6326

SUPERKITS!

NOW WITH NEW CHOICE OF CASES

BOXES SUPPLIED WITH STANDARD UNITS ARE PLAIN ALUMINIUM WITH A LIPPED LID. THE
‘BLK" UNITS HAVE ALUMINIUM BOXES WITH STEEL TOP COVERED IN STYLISH BLACK
STELVITITE LAMINATE. UNITS MARKED ** DO NOT INCLUDE BOXES (OETAILS IN LIST).

SETS INCL PCBs. ELECTRONIC PARTS, INSTRUCTIONS. MOSY ALSO INCL KNOBS, SKTS, WIRE.
SOLDER, BATTERIES NOT INCL BUY MOST WILL RUN FROM 9V YO 15V DC SUPPLIES. FOR
FULLER DETAILS SEE CAYALOGUE {SEE BELOW).

ST BLK

UNIT UNIY

AUTOWAN: Guitar-tnggered wah-wah SET 58 £1401  £16.41
BASS BOOST: Incresses volume of lower octaves SET 138-B  £9.40 £11.80
CALL SIGN: Programmable 8-note musical call sign SET 121 £1423 £1623
CHORUS UNIT: A solo voice of instr. sounds like morel SET 162 E3159 £34.49
COMPARATOR: LED ievel indicator for 2 channels SET 18 £1673 £18.713
COMPRESSOR: Limits & levels maximum signal strength SET 1R £12371  elam
ECHO UNIY: With double tracking SET 188 4482 tan
FREQUENCY DOUBLER: Raises guitar frequency by 1 octave SET %8 tnmn 1375
FREQUENCY-GENERATOR: Multiple waveform test osc SET 128 £19.15  £22.05
FUNKY-WOBULO: Novelty voice modulator for funny effects SET 149 £1278 £14.78
FLANGER: Fascinating delayed-feed-back effects plus phasing SET 153 £2254 £25.44
FUZZ: Smooth distortion whilst keeping natural attack & decay  SET 91 £1168 £14.08
GUITAR EFFECTS: Mutiple variation of levet & fiter modulation SET 42 £1658 £18.38
GUITAR OVERDRIVE: Fuzz plus variable fiiter quality SET 56 2117 2407
GUITAR SUSTAIN: Extends effective note duration SET 75 01177 a4
HARMONOLA: Versatile 3 octave organ® SET 125-T.  £166.97
HUM CUT: Yunable fiter for reducing low frequency noise SET 141 £1202 1442
JABBERVOX: Voice disguiser with reverb & tremelo SET 150 £2364 f25.44
MAD-ROJ: Variable sirens_ incl police, galaxy machine-guns etc  SET 146 £10.47  £12.47
METRONOME: With audible & visual beat & down-beat marking  SET 143 £13.98  £15.98
MICROPHONE PRE-AMP: with switchable bass & treble SET 144 £9.12 £1152
MINISONIC (PE) MK2: 3-oct versatile music synthesiser® SET 38 £181.92
MIXERS: Several - details in catalogue {see below)
NOISE LIMITER: reduces 1ape & system hiss SET 145 £1059 £1299
PHASER: with automatic & manual rate & depth controls SET 184 2120 £24.10
REVERB: Analogue unit with variable delay & depth controls SET 122 £2039 £22.19
RHYTHM GENERATOR: 15 switchable rhythms (NEW UNIT) SET 170 3827 4907
RING MODULATOR: for intermodulating 2 separate sine freqs.  SET 87 £1362 £1542
ROBO BOX: Versatile Robot type voice modifier SET 165 £2189 £24.79
ROGER 2-GONG: 2 gongs ded at end of tra SET1264S £1255 £14.55
ROGER BLEEP: Single bieep ded at end of ission SET1274S  £1007  f12.47
SCRAMBLER: Codes & decodes transmissions authorised chans ~ SET 117 2181 £236
SEQUENCERS: 128-note keyboard controlled (keyboard incl} SET 76 £11099 £114.59

18 note {up to 64-bit pattern) panel controlied SET 86 £53.18 £56.95
SPEECH PROCESSOR: for clearer transmission SET |10 £12.10  £1450
STORM EFFECYS: Automatic & manual wind, rein & surf SET 154 £16.72  £19.62
SWEEP GENERATOR: Audio test unit SET 169 £16.42 £18.22
SYNTHESISER INTERFACE: allows instrument to trigger synth  SET 81 £959 £11.99
YREMOLO: Deep tremolo with depth & raie controls SET 136 flon  f1an
YREBLE BOOSTY: increases volume of upper octaves SET138T £924 f£1164
TONE CONTROL: bass & treble cut, gain & range (6 controls}  SET 139 £1382 £16.72
VIBRATO: variable rate & depth plus additional phasing SET 137 £2399 £26.19
VOCODAVOX: Modular Vocoder SET 152 £68.96 £72.76
VOOALEK: Robot type voice modulator SET 1% £12.715 (1475
VOICE FILYER: tunable for selected freq bandwidth & gain SET 142 £f1021 1261
VDICE-OP-FAOQER: for reduction of music level dunng talk-over  SET 30 1002 1242
VOICE-OP-SWTICH: with variable sensitivity & defay SET1234S £1380 (1580
WAH-WAH: with aute-trigger, manual & oscillator control SET 140 £ 202
WHEEBY-—JEEBY: 2 intercoupled oscillators produce sirens SET 151 £13.78  £1558
WIND & RAIN: manual control of these two effects SET 28 £11.39  £1379

WDBBLE-WAH: Oscillator controlied wah-wah

KIMBER ALLEN KEYBOARDS {surely the best?):
KEYBDARD CONTACTS GJ (SPCO):
KEYBOARD CONYACTS GB (DPST):

SET 161 £15.40

3-Oct £32.43, 4-0ct £40.68, 5-Oct £48.52
3-Oct £20.29, 4-Oct £26.50, 5-Oct £32.71
3-Oct £23.27, 4-Oct £30.45, 5-Oct £37.62

£13.40

NEW

DIGITAL 3 Oct Multiwaveform Synthesiser P.OA
JUNIOR 2 Oct Push Switch Keyboard Synthesiser P.OA.
NOTE Frequency Changer and Waveform Modifier £3512 £38.02
NOTE Triggered Envelope Shaper P.OA.
SYNTHESISER Intefacer with Trig & Freq Control P.OA.
MUSIC RING Modulator P.OA.
DIGITAL. 10 Analogue Converter (EG. Synth Comrol) P.OA
MULTIWAVEFORM VCO (Log Control) P.OA.
VOLYAGE CONTROLLED FILYER P.OA
POLYWAH - Automatic 3-band Frequency Wah Wah £1602 £17.82

P.OA. PRICES & FURTHER DETAILS IN CATALOGUE

PHONOSONICS

NEW AOORESS: PHONOSONICS MAIL ORDER, DEPY PE39, 8 FINUCANE DRIVE, ORPINGTON,
KENT BRS5 4ED. TEL: 0689-37821. Mon-Fri 10-5. CALLERS BY APPOINTMENY

Piease use full address. Payment CWO, CHQ. PO, Access, Barclay, or pre-arranged collection.
Prices incl UK P&P & 15% VAT. E&OE. Despatch usually 10-14 days on most items. For full
catalogue send SAE, (if you live overseas send £1.00). MORE KITS IN CATALOGUE.
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I-PAK BARGAINS

THIACS PLASTIC VALUE PACKS VALUE PACKS VALUE PACKS

Pak No. Oty Description Price Pak No.Qty Description
VP Assorted Resistors Mixed Types  £1.00 Pak No mv Description Price VP23 20 Assorted Slider Pots.
VP2 :m Carbon Resistors ) Watt Pre- VP16 XV"BWOl;"\d RB;K‘-?W (ng) Mixed Values - £1.00
AG 425 Formed £1.00 ss. 1 ohm - 1 £1.00 VP24 10 Slider Pots. 40 mm 22K 5 x
£5.75 £27.50 £50.00 VP3 200 § Watt Min Carbon Resistors Mixed £1.00 VP17 50 gﬂe(res PVC  Covered U;g 5 % Lin £1.00
VP4 150 } Watt Resistors 100 ohm - 1M Mixed £1.00 inlge Strand Wire Moxed VP25 10 Slider Pots. 40 mm 47K § x
MINIATURE FM TRANSMITTER VPS 200 Assorted Capacitors All Types £1.00 Colours £1.00 Log 5 x Lin £1.00
Freq: 95-106MHz. Range. | mile VPE 200 Ceramic Caps Miniature - Mixed £1,00 VP18 30 Metres PVC Covered Multi

VP26 20 Small 125" Red LED'S £1.00
vP2? 20 Large 2" Red LED'S £1.00
TRANSISTORCLEARANCE
All Sorts Transistors, A mixed
Bag NPN-PNP Silicon & Germ.

Size: 45 x 20mm Add- % batt ONLY
Not licenced in UK £5.50
ideal for: 007-M15-FBI-CIA-KGB etc
PROGRAMMABLE UNIJUNCTION
TRANSISTOR

Strand Wire Mixed Colours£1.00
VP19 40 Metres PVC Single/Mulu
Strand  Hook-Up  Wire
Mixed £1.00
VP20 6 Rocker Switches 5 Amp
240v

100 Mixed Ceramics Qisc. 1pf — 56pf £1.00
100 Mixed Ceramic Disc. 68pf — 015pf  £1.00
100 Assorted Polyester/Polystyrene Caps £1.00
60 280 Type Caps Metal Fodl Mixed  £1.00
ven 100 Electroiytics — All Sorts £1.00
60
50
S0
S0

i ? VP12 Bead Type Polystyrene Min Caps  £1.00 £1.00 Mainly Uncoded You To Sort
oy FRTad ol o -t MEUZZ Simdar 10 206021/ Y 3 Silver Mica Caps Ass. 5601 - 150pf £1.00 [l VP21 20 Pcs 1-2 & 4 mm Plugs & 100 pyck Includes Instructions For
Price: 19 INS 50-99 100+ VP14 Silver Mica Caps Ass. 180pf — 4700pf £1.00 Sockets Matching Sizes  £1.00 Making Simple Transistor
Each 20 15p 13p VP15 High Voltage Disc. Ceramic 750v — 8Kv VP22 200 Sq. Inches Total, Copper

Tester. Super Value. Order No
VP60

Normal Relal'I, Price to 35 each. Mixed £1.00 Clad Board Mixed Sizes  £1.00

BI-PAK PCB ETCHANT AND
DRILL KIT

Complete PCB Kit comprises

1 Expo Mini Drill 10, (II)RPM 12v DC incl 3
collets & 3 x Twist Bits

SEMICONDUCTORS FROM
AROUND THE WORLD

BIPAK
SOLDER —

DESOLDER KIT
Kit comprises: ORDER NO. VP80

VALUE PACKS
100 A collection of Transistors,

SCRs, T Piodeft{‘“gﬁeg ‘&, Brit'ilges' Pak No.Qty description Price 1 High Quahty 25 watt General 1 Sheet PCB Transfers 210mm x
Rs, Tmacs, 1L.s ptos all o B . PurposeLightweight Solderinglron 150mm

! which are current every-day useable VP28 10 Rectangular 2" Green LEO'S £1.00 E: f

‘ - ! v VP29 30 Ass. Zener Diodes 250mW W 240v mains incl 3/16” (4.7mm) bit. 1 Etch Ressst Pen

1 b pack FERRIC. CHLORIDE

crystals

3 sneets copper dad board

2 sheets Fibreglass copper clad

board

Full instructions for making your

own PCB boards

Retail Vaiue over £15.00

OUR BI-PAK SPECIAL KIT PRICE £9.95

ORDER NO. VP81

Mixed Vits. Coded f1
VP30 10 Ass. 10W Zener Diodes Moxed Vits
Coded £1.00
VP31 10 5 Amp SCR's T0-66 50-400v Coded £1.00
VP32 20 3 Amp SCR's TO-66 Up To 400v Un-
coded £1.00
VP33 200 Sll Diodes Switching Like IN4148 DO-
£1.00

Guaranteed Value Over £10 Normal
Retadl Price.

anti-corrosive casing and Teflon nozzle

15 metres of Oe-Soldering braid on plastic

dispenser

%ayds (1.83m) Resin Cored Solder on
d

Data etc in every-pack Order No. VP56
Our Price £4.00

’ 2

{8

U
1 Heat Shunt tool tweezer Type
Total Retail Value over £12.00
OUR SPECIAL KIT PRICE £9.95

=

1 Quality Desoldering Pump High
Suction with automatic ejection Knured ]

VP34 200 Sll Diodes Gen. Purpose Like 0A200/
BAX13/16

VP35 50 1 Amp IN4OOO Series Si. Diodes Un-
coded Ali Good

VP36 8 Bridge Rects. 4 x 1 Amp 4 x 2 Amp
Mixed Vits. Coded

VP37 8 Black Instrument Type Knobs With
Pointer §” Std f1

VP42 10 Black Heatsinks To Ft T0-3. TD-220

BI-PAK’S OPTO SPECIAL

A selection of large and small sized LED's
in various shapes, sizes & colours, togeth-
er with 7 Segment Displays both anode &

DIGITAL VOLT METER MODULE

3 x 7 segment displays Basic Circuit. 0-

2v+ instructions provided to extend

\ volta?e & current ranges Qperating
tage 9/12v. Typ. Power Con-

SILICON BRIDGE
RECTIFIERS

Comprising 4 X ’

4 " 50mA 13 Amp rectifers
cathode plus photo transistors emitters Ready Orlled 80 zoeyon mounted on PCB
and detectors. Cadmium Cell ORP12 and YA ’T’gvg’sﬁnzne Hessifils, ZRXYTD,2 xnm 0/No. VP33 Once only price VRM — 150 vits
5 o . : £9.95
Gl:erm. ph?to' t;gn(s]:stm QCP7I mflu?fd. In VP44 1 Larg%lfltlma;oﬂfﬁ(s}nk 1}0383 x 35( 5 IFM - 1.5 Amps
all a total o to pieces valued over mm Orilled For Up To 4 evices£1. ) ,
£12 Ngrma? b VP45 50 BC107/8 Type NPN Teansistors Good sg‘f,}g IDHDFIEREGEASS Size: 1 inch square
ot 50 G B i o0 Gt Mo sl sy gl 100f 100 ||
v Otf:rdg’nNo. xPIfﬂ Gen. Purp:se Uncoded £1.00 EEZ 3 10 x gz 100 (: 23 ]% gg g;gg l -~ “I"
UPEriTale VP47 10 Sikcon Power Trans. Similar 2N3055 FB3 4 13 x 3 15 £2.00 L +
~¢ Prlccsoéjgst ' Uncoded £ DOU:LE SIDED FIBREGLASS ORDER NO: 4R1 B

BOARD
B4 2 14 x 4" 10 £2.00

IC BARGAINS INTRUSION
VP40 30 Assorted 74 Series TTL L.C's Gates, ALARM OPTO 7-Segment Displays
N ol e Valon Dver 860, LITRONIX DL 707R 15-
; in
ew, Normal Retall Value Over The DOOR BIRD -p

Qur Price
VP41 30 Assorted CMOS .C's CD4000 Series. i 1 :
Pack Includes 00/09/12/14/18/21/23/ Doau ggffyea eo':sr Red 0.3* Common Anode Display 0-9 with
Y Y. right hand decimal point TTL compatible

25/28/30/35/44 /68 AY/AE &pes Plus 5 T
Data Sheet Value Dver £8.00. Normal door is opened. " Sv DC Supply. Data supplied
£2.50 Just hang on

retai . am Ty, 5§ s

above CMDS-31 £210.er 35 paces the inside door - 5 pieces £3  (60p each)

ORDER AS VP41 + type number re- knqb - alarm is IN 10 pieces £5 (50p each)

quired activated as PACKS 50 pieces £20 {40p each)
soon as the OF 100 pieces £35  (35p each)

outside  door 1,000 pieces £300 (30p each)
RATCHET SCREWDRIVER KIT i
: i knob is touched.
Compnises 2 standard screwdriver blades 5 & Tmm A
size. 2 cross point size 4 & 6. 1 Ratchet handle. S-in- ONLY THE MORE YOU BUY
1 Kit £1.45 each. 0/No 3298 £3.95 THE LESS YOU PAY

Rect.

HYBRID
LED COLOUR
DISPLAYS

Red, Green, Yellow
.3/5/6 inch Mixed
types and colours
H NUMERIC & OVER-
FLOW  Common
Anode/Cathode.
'GaAsP/GaP. Brand
New, Full Data incl

10 pleces (our mix) ..£4.00
Normal Retail Value Over £10.00
Order No. VPS8

OUR GREAT NEW CATALOGUE

Presented with a Professional Approach and Appeal 1o ALL who require
Quality Electronic Components, Semiconductors and other Accessories
ALL at realistic prices. There are no wasted pages of useless
information so often Included in Catalogues published nowadays.
Just solid facts i.e. price, description and individual features of what
we have available. But remember, BI-PAK’s policy has always been
to sell quality components ‘at competitive prices and THAT WE
DO.

Silicon NPN'L" Type Transistors
T092 Plastic Centre Coliector Like BC182L
183L - 184L
VCBO 45 VCEQ 30 IC200mA Hfe 100-400
All perect devices uncoded. ORDER AS
SX183
50 off 100 off 500 off 1000 off
£1.50 £2.50 £10.00 £17.00
Silicon General Purpose NPN Transistors
TO-18 Case. Lock fit leads - coded CVIb44
similar to BC147 — BC107 - ZT89 ALL NEW VCE
70v IC500mA. ORDER AS CV7644

SQoff 100 off 500 off 1000 off
PRICE £2.00 £3.80 £17.50 £30.00 £16.00 £30.00
Silicon General Purpose PNP Transistors BO312 COMPLIMENTARY PNP POWER TRAN

T0-5 Case. Lock fit leads coded CVI507 similar SISTORS TO 2N3055. Equivalent MJ2955
2N2905A 10 BFX30 VC60 IC600mA Min HFE S0. 30312 T03. spec.u:,lcem 10ep 4

ALL NEW. DRDER AS CV9507 0 off
S0 off 100 off 500 off 1000 off (6.50 [N
PRICE £250 £4.00 £19.00 £25.00

Send you orders to Dept PEY0 BH’AK PO BOX 6, WARE, HERTS. Use your credit card. Ring us on Ware 3182 NOW
SHOP AT 3 BALDOCK ST., WARE, H and get your order even faster. Goods normally
TERMS: CASH WITH ORDER SAME DAV DESPATCH ACCESS, sent 2nd Class M
. BARCLAYCARD ALSO ACCEPTED. TEL (0320} 3182. GIRO 388 7006. N Remember you m add VAT at 15% to your
ADD 15% VAT AND 75p PER ORDER POSTAGE AND PACKING. Y order
Total Postage add 75p per Total order.
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VP38 100 Sikcon NPN Transistors
All Pertect. Coded Mixed.
Types With Data And Equvt.
Sheet No Rejects Fantas-
tic Value £3.00
VP33 100 Silicon PNP Transistors
All Perfect. coded Mixed
Types With Oata And Eqvt
Sheet No Rejects Real
Value £3.00

2N3055 The best known Power Transistor i
the world — 2N3055 NPN 115w.
Qur Bi-Pako%’)ecial Offer Price

100 off

We hold vast stocks “in stock’” for fast immediate delivery, all
ftems in our Catalogue are available ex stock. The Calalogue
is designed for use with our 24 hours “ansaphone” service

and the Visa/Access credit cards, which we accept over the
telephone.

To receive your NEW 1983 BI-PAK Catalogue, send 75p
PLUS 25p p&p to:-




THIS IS THE AGE— OF ELECTRONICS !
the world's fastest growth industry...

There is a world wide demand for designers/engineers and for men to service and maintain all the electronic equipment
on the market today — industrial — commercial anc domestic. No unemployment in this walk of life!

Also — the most exciting of all hotsbies — ec¢pecially if you know the basic essentials of the subject. .
A few hours a week “or less than a year — and the knowledge will be yours.
We have had over 40 years of experience in training men and women successfully in this sLbject.

Our new style course will enable
anyone to have a real understanding
of electronics by a modera, practical
and visual method. No previous
knowledge & raquired, no maths, and
an absolute minumum of theory.

You leam by the practical way in
easy steps, mastering all the essentials
of your hobiby or to start, or further, a
career in electronics or as a self-
employed servicing engineer,

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write persanally at any
time, for acvice or help daring your
work, A Certificate is given at the end
of every course,

You will do the following:

@ Build a modern oscilloscope

® Recognise and handle current elect-onic
components

@ Read, draw and understand circuit diagrams

@ Carry out 40 experiments on basic
electronic circuits used in modern
equipment using the oscilloscope

@ Build and use digital electronic circuits
and current solid state ‘chips’

@ Learn how to test and service every type
of electronic device used in industry and
comrerce tcday. Servicing of radie, T.V.,
Hi-Fi, VCR and microprocessor/camputer
equipment.

| am interested in

COLOUR BROCHURE
i

Please send your brochure without any obligation to

NAME PE/10/841

ADDRESS

BLOCK CAPS PLEASE

COURSE IN ELECTRONICS
as described above

RADIO AMATEUR LICENCE
MICROPROCESSORS

OTHER SUBJECTS
2 stat

POST NOW TO

British

&

AcCu oo Y
o] COMNCR 10R Tl ACCRIOHIATIR
0o SocaeD et mum

NatlmmlBadm&Electmucs School Reading, Berks RGL lBy
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All goods are guafanteed brand new and to manufacturers specifications. All items
are exciusive of VAT, unless otherwse stated, and must be added 1o the totai cost
ncluding PAP.

Please add 60p PAP lo all Man Orders, or Pay us a visit.
A cash refund wil be made for any tem out of stock.
PAYMENT: Cheque, POs. Cash or Bankers Dralt With Order. Access/Visa cards welcome
ELECTRON'CS LTD We are situated 200 yards rom Twyford BR Station.

ANTEX TRANSISTORS

Model (C} 15 Watt 107
Model {CS) 17 Walt 32,3,,,
Modai (X25) 25 Walt BC1078
Spare Bits
Elenents

Iron Stands

TOOLS & ACCESSORIES
6.

SIFAN COLLEY BIM BOXES
KNOBS

BIM1005
75 § BIM4003
.80 | BIM2002/12
.68 | BIM2003/1
.75 | BIM004/14
.75} BIM2005/15
.85 | BIM2006/16
.
%

&

Et 2l it
FEFTE-1
ga33ReBEsR

REY
CAPS Mixed Colours BREADBOARDS

C150 10 C151 .10 | Euro Breaaboard 607
c210 10 C211 .10 | BIM Board 1 601
Vero Bloc

2708 ] Pane for above
2718 ..
2732 . TRANSFORMERS 3VA

::: § {printed eircuit mounling) VERD PRODUCTS

6116 Bv—6v 0 25Amp 8 Veroboard (small)
:gv—:a g :iﬂmv Veroboard (medum)
v mp .00 | v d (large)
CPUs | 20v-20v 0 07Amp e et
%WCPU is0 6VA miniature wmng Combs (25)
80AP10  3.00 3v-3v 0 5A Wire for pen (2)
Z80ACTC 3.00 e ;
B0ADART 7.50 | 6v-6v 0.5Amp .70 { Terminal Pins §/8
600 275 ) N0 70 | Vero pns §/5
vero Pins 0/

PT 12VA
SRy (prinied circuit mounting) | Vero Case (small)
LEDs .125 Vero Case (medium)
X 4.5+4.5v 1.3Amp 4.00 | vero Case (large)
209 10| vy 1amp 400
TiL21t 4| gy 9y 0.6amp 4,00 | Battery Box case
ey i o 400 L fip Top Box (smal
LEDs .2 v-15v 0.4Amp Fiip Top Box {targe)
220 12 20v-20v 0.3Amp .00
2z 4 TAG STRIPS
L2z 0% MINIATURE Standard .35 Miniature .32
DISPLAYS LOUDSPEAKERS
man 1.05 | 13in/8ohms e
gug 1.05 | 2in/8ohms I POTENTIOMETEAS
L3 1.15 | 2}in/640hms ] i
32 415 | 3n/sohms iR g s T 5
LDRs LOG & LIN 85
Mebi2 - 1K-2M2 Ganged LOG & LIN .95
NICKEL CADMIUM
CRYSTALS BATTERIES us:mcu:s
Pencell. HP7, Size AA ! MINIATURE PRESS BUTTON
F:o MHz HP11. Swze © y (momentary}
HP2, Size D .60 | Push to make A5
PP3 1 Push to break 3
SLIDE SWITCHES
PLUGS Miniatyre DP-DT 16
2.5mm Jack Plogs 45 | Standara OP-OT 6
g.gmm Jack ::‘lugs { - TOGGLE SWITCHES 250v 1.5A
mm Jack Plugs (mono) .
6.3mm Jack Piugs (stereo) .47 Eall 33 pP-OT “
Phono Plugs 15|  SUB-MINIATURE TOGGLE
5Sn DIN Plug .24 240v 24
PL259 Plugs .15
el D[SST s 0T 8
2 pin DIN Plugs 18
Co-axial Plug .40 MINIATURE TOGGLE
SWITCHES 240v 2A
SP-OT centre off .38
DH SOCKETS DP-OT cenre off 38
(Low {Wire
prollle) Wrap) ROTARY WAFER SWITCHES
8 pin ] 8 pin single bank
14 pin 10
16 pin
18 pin
20 pin
22 pin
24 pin
28 pin
40 pin

Desoldenng pump
Spare Nozzie
Desoider Brawd
PLIERS:

Fine Tweezer
Short hne nose
Long hne nose
CUTTERS
Miniature side
Serrated sOissof

Angled side
12v EXPO DRI
Hang Vice
Plastic tweezers

Etch resist pens
HSS TWIST DRILLS
&

s e o i
LBIRNSBSIBLILR

e

@
LLL 28

R e e
28 33LES

s

srekskisEsERreRLERBRERRERBREEE S

o
&

NEELENREE
EaRE8BEEN:

o

Heiging Mands vice mgjgg 745 SERIES

IN5406 Blyaso 30

RESISTORS 2 il (A a =
24 ; b ZEMER
12 20 | Bxgs
1 Whe SE 1 gg DIDDES
1% Metal Fiim R -ev § BIXBIC 1 3W
geisaL . AR 23?2’ 47-75% .16
CAPACITORS 01502 32| azveac soomw
ELECTROLYTICS 16 Volts BU10OS 295 |27w30v .10
10uf /22uF/4TuF A0 BU205 1.75
5%:: “ ;000\16 g 10| BU208 1.98 | VOLTAGE
anF 21 ) 1 :;G;sumns
25 Voit Rangs 1 . 1
100F/220F 9 1000k .45 g piiie0ca
ATuF00UF. 10 22000F 5§
F .27 4700uF 100
TF N

=

SpbEaRRURER RS ESBIRRRRBRR AR ENERRERERRBRGAR

e i
@3

-

FERNEBEEAZREREBDR

MR

RENNELRREINBLELRREE2REBEZBES

EERE

1.8432
2,000
2.4576

T e e el 7l Pl T PA 7L PU T AT T TP PR 73 PUPE 7S P2 7% PR PR s sy o 7 9 34

@k
s

BeB2ERERBRRRERERELERRBERR N ERRYBREERERE

63 Vot Range
1uF/2 2uf74 TuF
Ouf 0 100uf
32 2200F
Sy 32| s 128
100 Vol lef. k “aa | ML78L15
15 1000 ‘3| MLTSL1SA

N we

RBR3RerEE588
NN s

47k . j : BRIDGE

METALLISED POLYESTER 3 RECTIFIERS LINEAR

0.0170.015/0.0220F o7 BC2ta . i : " 2
0.033/0.047/0.068uF 4 [ WD-OZ
Wo-04

ELIL e BBE8Y

-
B MWW LN NG -

PR DN PN RN
~

SRRRY

he
3

S SERIES

| prpoen
=z | 828238

-0

e D T e e -
ELTHISSHEBSRBRERR 14
= @

BRAIRE

RRES8LRERRERIRENL:

15A7400v

THYRISTORS
4A/50v

8B2BBEARE

ENAMELLED COPPER WIRE
202 Reels

AL E;

BEsHE
- wa

SWG 14U
36-38

TERMINAL BLOCKS

4042
2way 20 3way 30 4 way 50 44

&
B3LeREN

sp3RBRRRBY

SUB-MINIATURE RELAYS
FERRITE SV"O&F;ROO“

RW6 /160 1.40 12v-4i cort

75 | RM6 /250 1.30 way 1 ; 24v-1600R cotl

RV? /250 1.4 r

AN10/250 2.10

AN107400 2.10 F WARNING DEVICES

g P.C.B. Type 3-16v dc kX

TAIMMERS 3 Low profie 15v dc 1.
1

1

PR
REZS

SEEESBRERRRBRRELINRERES
=

3600pF
{7000

PLATE CERAMIC
2.20F-47pF
68pF
100pF
150pF -220pF

TANTALUM BEAD
0 1/3w 15 10716y
022/3%v .15
0 33/35¢

P
s=zaebhzgheseasstas

— e

<] 10C Sockets nlm Buzzev l‘svzvoc
g 95 3 way v Buzzer 12v dc
.30
3’

ay  1.10 40 way 1.
20 1.20 50 P WE ARE A MAJOR
vy 10 STocKIsT OF
ACCESS or ELECTRONIC KITS BY
VISA

COPPER CLAD BOARD

Justgive us | Fibre glass 6x3 VELLEM“N
B e e 3 ;

0734 340333 ' doughle sided ; u K-

2 2 S t a t i O n R O a d This ad only covers @ small selection of our stock ranges.

Please telephone. f you do not see the lems you require
All stock items despat:hed same day. Express Mait order service fo your

Ly door. Shop Hours 9.0C—5.30 Monday/ Thursday: 9.00-6 00 Fnday; 9.00—
Twyford , Berkshire £33 Sy o o' s
?

[Ny
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NEW STYLE

OR some time the editorial staff of

PE have been discussing the pros
and cons of our logic circuit symbols.
The symbols were based on BS3939
of 1969 and were accepted practice
for many years. While we are aware
that for some time our symbols have
not conformed to any of the various
“standards” (BS having been revised
many years ago), we have been reluc-
tant to change until one system of
identification became accepted. Our
main probiem being that we neither
liked nor found many working exam-
ples of the later BS specification sym-
bols.

Early this year when our /ntroduction
to Digital Electronics series was being
planned, it became obvious that if this
series was to be readily accepted in
education and of maximum benefit to
hobbyists and students alike, the sym-
bols used should conform to those
generally accepted. Further investiga-
tion led to further confusion as the
systems used in many schools and
colleges and recommended by some
examining boards do not conform to
any other standard.

What we have found is virtual uni-

versal acceptance of the so called
American Mil. Spec. for logic symbols
in industry, and that this system is used
in many educational establishments.
This standard is also now used by vir-
tually every other electronics publica-
tion,

It does seem rather silly that some
UK educational establishments and
examining boards use a system that is
individual but then so did PE until now.
No doubt they have suffered from the
same problems as us.

From now on PE will use what is
known as the Mil. Spec. standard for
logic symbols. However, trying to get
hold of a “"Mil. Spec.” proved difficult
but, aided by the local library, we dis-
covered the correct title is ANSI Y32
14-1973/IEEE Std 91-1973, the let-
ters representing American National
Standards Institute and The Institute of
Electrical and Electronics Engineers.
This standard is a revision of
ANSI/IEEE of 1962 and MIL-STD-
806B, MIL-STD-00806C (Ships)
hence the Mil. Spec. title.

Both the ANSI/IEEE and BS docu-
ments refer to |EC (International
Eurotechnical Commission) Publication
117-15, BS, claiming their symbols are

identical to |EC and ANSI saying theirs
are ‘'‘substantially compatible”. In-
vestigation reveals that the American
Standard gives two alternative sym-
bols, one is a box which is virtually the
same as IEC and BS, while the other is
called the Distinctive-Shape Symbol
and this is the one that has become
universally adopted. So what is in use
is probably not what was intended by
IEC but it does seem to be easier to
follow on a circuit diagram and more
logical!

The industry has shown that it will
not adhere to a system just because it
is set as a standard, it also has to be
representative of the needs of the
users. Perhaps |EC and BS should now
amend their symbols and fal! in line
with the users! -

Comparisons of the old and new PE
styles are shown elsewhere in this
issue and Part 2 of /ntroduction to
Digital Electronics will show com-
parisons of the Mil. Spec. "distinctive
shapes™ with BS boxes.

/L '

—
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Technieal and Editorial queries and letters
{see nate below) to:

Practical Electronics Editorial,

Westover House,

West Quay Road, Poole,

Dorset BH15 1JG

Phone: Editorial Poole 671191

We regret that fengthy technical
enquiries cannot be answered
over the telephone

Querles and letters concerning
advertisements lo.

Practical Electronics Advertisements,
King's Reach Tower,

King's Reach, Stamford Street, SE1 9LS
Telex: 915748 MAGDIV-G

Letters and Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
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envelope and international reply coupons,
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published project only.

Components and p.c.b.s are usually
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Copies of most of our recent issues are
available from: Post Sales Department
{Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street,
London SE1 OPF, at £1 each including In-
land/Overseas p&p. Please state month and
year of issue required.

Binders

Binders for PE are available from the same
address as back numbers at £5-50 each
to UK or overseas addresses, including

postage and packing, and VAT where ap-
propriate. State year and volume required.
Subscriptions

Copies of PE are available by post, inland or
overseas, for £13-00 per 12 issues, from:
Practical Electronics, Subscription Depart-
ment, Oakfield House, Perrymount Road,
Haywards Heath, West Sussex RH16 3DH.
Cheques, postal orders and international
money orders should be made payable to
IPC Magazines Limited. Payment can also
be made using any credit card and orders
placed via Teledata Tel. 01-200 0200.



Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.

»-“Elws &

The ‘all purpose computer’ is the selling
angle and indeed extra attention has been
paid to the differing uses of the micro. As
can be seen the keyboard is of the
QWERTY type with a separate 12 key
numeric cursor control and editing pad and
an 8 key user definable function keypad.
The unit is housed in an anodised
aluminium case angled towards the user
and is ergonomically high scoring.

Whether your needs are for personal
programming, games playing, scientific or
process control, educational or business
use the machine is aiready capable or is
easily adaptable to most applications boast
the manufacturers. The 16K ROM contains
several languages and routings. Standard
languages being MTX BASIC, LOGO and
NODDY, ROM routines include and
ASSEMBLER/DISASSEMBLER with screen
display of Z80 CPU registers, which can be
manipulated from the keyboard. Other in-

The latest home computer to enter the micro market is the MTX 500 from
Memotech. The standard machine will have 32K of user RAM with a further 16K
dedicated to video RAM. Also to be launched is a 64K user RAM version—the
MTX 512. They will cost £275 and £315 respectively.

teresting features include an Add-on BO
column video board as opposed to the 40
column norm, twin RS232 interface ports
and ultimate expansion to 512K.

With a programming speed of 2400
baud the quality of the cassette player used
in conjunction with this machine will play
an important role in accurate data
transferal. Games, Educational and
Business software will also be available
produced in the main by Continental
Software Ltd.

New ComputerRange The New

oleam Age

For those nostalgic of the ignifluous hear-
ted, albescent breathed labourer of the per-
manent way, in short, the steam locomotive
the news that living steam is to return to
the railways of North America might come
as a pleasant shock. But not the clanking,
brass bell and smokestack machine. In-
stead, a loco’ “heavily disguised” as a
diesel unit with pistons on its wheels,
manufactured by American Coal Enter-
prises, will beat through American suburbs
where electrification infrastructure costs
are prohibitive.

With a microprocessor for a firemen, ef-
ficiency of the locomotive is lifted from the
5 per cent of its ancestors, to 15 per cent.
Whiist diesel may be 30 per cent efficient,
this fuel costs four times as much as coal
and with a micro on the footplate to ensure
minimum pollution in terms of gases and
ash, the New Jersey company feels it has
sparked off a good idea for the future.
Production is expected to start soon.

1M Breakthrougd

IBM scientists have hit the news again;
this time with a microscopy
breakthrough at their Zurich Research
Laboratory. An effect known as
vacuum tunnelling has been suc-
cessfully exploited to study surface
topography down to atomic level —
vertical differentiations of as little as
0.1 Angstroms, and horizontal differen-
tiations of as little as 6 Angstroms (1
Angstrom unit equals 10~" mm).

The tunnelling technique actually
detects the electron clouds sur-
rounding surface atoms, and as such,
qualitatively reflects the atomic sur-
face structure. In vacuum conditions a
probe scans the specimen raster

fashion, so that a 3-D facsimile is

gradually built up. An electric current
between the probe and surface is used
to detect surface deviations. So sen-
sitive is this technique that a distance
the diameter of one atom changes the
tunnel current by a factor of 1000.

The photograph shows an enlarged
model of a silicon surface constructed
from STM data. Two rhomboid-shaped
unit cells are clearly visible. The in-
dividual “‘bumps’’, which are as littie as
6 Angstroms apart, have never before
been observed.

Mic ona Chip

A new technology pioneered by
Honeywell has led to the creation of
the ‘‘mic on a chip’’—a completely
solid state microphone! Zinc oxide on a
single silicon substrate offers a chip-
sized microphone with significant ad-
vantages over the ceramic alternative;
it responds to frequencies as low as
0-1Hz, as opposed to 20Hz.
Honeywell’s microphone is devoid of
mechanically linked parts, and conse-
quently far more reliable and robust. It
is smaller and lighter too. The mic con-
sumes a mere 40mW which makes it
ideal for battery powered field work,
and it is sensitive to as little as one
microbar of pressure.

GOMPUTER BRIDGE

The Systema BG1 Bridge Game is a
simple computer, with control keys
and display, designed so that one per-
son can play Bridge, using the com-
puter to play the roles of the other
three persons.

The computer will deal new cards
each time and you can choose between
two levels of difficulty. It allows you
to be dummy, declarer or defence.
Between the hands, result of contract
and vulnerability are displayed as well
as below the line scores.

In each game you are able to bid and
play your hand against the computer.
During the auction, you make your own
decisions as to what to bid, but the
decisions of the other three players are
made by the computer. The BG1 Bridge
game is expected to retail at under £30.

PLAY *BRIDGE :
== .
[F—=}-=
E—(=}m
(FHae HE |-
EH=H#]--
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MARRKES PLACEK

Briefly...

Five UK banks are to link together their 2,500
cash dispensers for shared customer use, by
1985. Bank of Scotland, Lioyds, Williams &
Glyn’s, Barclays and the Royal Bank of
Scotland will be providing this common on-
line facility to a total of 15 million customers.

Researchers at Battelle-Columbus have
developed a low-cost, energy efficient method
for coating plastics with metal. The technique
is known as “in-mould” plating because unlike
conventional deposition, the plastic compo-
nent emerges from the mould with its metal
coating. Processing costs are cut by over 30%,
and the technique may well herald an era of
lightweight production parts for automobiles,
business equipment and plumbing fixtures.

W. H. Smith have opened three specialist com-

puter shops at their branches in Birmingham,
Bristol and Croydon. Ilf these first efforts
realise their predicted sales figures a national
network will follow next year. The first special
offer will be Mattel's new micro ‘Aquarius’
well before its official UK launch.

Socialist France has installed data links
betweeen its treasury and its border posts.
Electronic warrants enable emigration
police to identify and jail immediately
anyone who, upon trying to leave the coun-
try, owes money to the exchequer. Having
fed the traveller's passport through a scan-
ner terminal, the officer on duty is em-
powered to detain any offender until he/she
pays up and wipes out the debt. In a matter
of weeks of operation, hundreds of citizens
had settled in cash rather than lose their
connection.

Maplin Electronics has introduced its
Computer Aided SHopping by
TELephone (CASHTEL) service, which
allows owners of home computers
with RS232 and modem facilities
(CCITT 300 Baud) to link directly into
its stock control computer. The user
must have a customer number, and
hold one of the major credit cards to be
able to place an order, and may check
that the components he/she requires
are in stock. Maplin‘s computer is a
DEC PDP11/70 with 2Mbytes of MOS
memory and 200Mbytes of on-line
disc. It is accessed by dialling 0702
552941.

LITESOLD

Litesold have just introduced a mains-voltage
soldering iron.

The ECS50 incorporates an electronic tem-
perature control circuit mounted inside the
handle, which operates in response to a ther-
mistor fitted inside the bit-mount. Power to the
50 watt heating element is controlled by a
triac operated by a zero-voltage switching i.c.,
to minimise spiking and RFI, and the iron is
fully earthed so that it may safely be used on
sensitive equipment and components.

A special feature of the design is that the
low-voltage supply necessary for the control
circuit is obtained by means (for which a
patent is pending) which do not involve the
fitting of a dropper resistor in or near the han-
dle. This problem has previously prevented a

mains iron of this type being made to run with
a sufficiently cool handle.

Access is provided to the temperature con-
trol potentiometer, and settings may be varied
from approximately 280 to 400°C. Standard
setting is 370°C. The iron costs £28 + VAT
and postage from Light Soldering Develop-
ments Ltd, 97/99 Gloucester Road, Croydon,
Surrey, CRO 2DN. (01-689 0574).

FLASHBAGK

Would you give a week’s pay for a
calculator with only the most basic of
functions? The answer is yes if you
bought one ten years ago. Before such
technology was available to the
genaral public, those in the know could
purchase the Sinclair Cambridge for a
staggering £43.95. The average
weekly wage at that time was around
£36 and the electronics world was
celebrating the Silver Jubilee of the
transistor. Such was the state of
technology in 1973.

Nowadays the purchasing power of
our weekly pay packet could run to
three computers, ZX81's of course.
With the microprocessor bandwagon
well and truly rolling who knows what
goodies will be around for our 1993 pay
days?

Silicon News Corner

Builetins announcing new semiconductor
devices arrive at PE daily, so it is possible
only to describe them briefly. Details of how
to obtain further information are included,
however.

Mullard § Electronic humidity sensor (type
2322 691 90001) that operates between
10-90% relative humidity. Is a metallised film,
capacitive cell. Worst case accuracy is 5%.

® AM/FM receiver TEAS570. Suitable for
hifi, car radio and portable. S.w. to 30MHz.

P 128 x 8 bit static low-power RAM (type
PCD 8571) in 8-pin d.i.l. package. Designed
for battery back-up using only one ni-cad cell.
Data transferred serially via I*C bus.

® High speed 8K PROM, type 82S181B
(1024 x 8) and 82S185B (2048 x 4). Both
45ns access. Mullard Ltd., Mullard House,
Torrington Place, London WCI1E 7THD.
Slemens § 10kV rms opto-isolator HIL10 in
16-pin d.i.l. package.

# Claimed to be the world’s smallest (match
head sized) reflective opto switch, type
SFH900. Very high dark/light ratio sensor.
Emitter capable of 1-SA, 10us pulse.

# 35 dot intelligent display, DLO 7135 series.
96 chars, ASCII format, uP compatible. Red,

yellow, or green. Row/column addressing sim-
plified by integral memory/decode/drive chip.
Chars 0-68 in. high, with 75° viewing angle.

# Low power, 8-digit intelligent alphanumeric
display, DL1814. 8 x 17 seg., 0-112 in. chars.
Full ASCII/TTL compatibility through on-
board memory/decode/drive. Synchro Ser-
vices, High St., Harrold, Bedford.

Pronto A CMOS 2 uP with enhanced/exten-
ded instruction set. The SY65C02 works to
4MHz at current of 8mA (10uA standby).

® New series of extremely low noise, wide
band op amps, the OP-27 is intended for in-
strumentation. Slew rate 2-8V/us and low fre-
quency noise corner frequency of 2- 7THz.
Synertek B Low cost CRT controller with
wide range of display features. The SY68045
is designed to interface 6500/6800 micro’s
raster scan CRT units.

Mostek B The MK 3801 Z80 STI contains a
USART for serial communication, and
reduces Z80 system chip-count. This mul-
tifunction device contains two binary, two full
function timers, and eight general purpose bi-
directional lines. 16 out of 24 internal registers
are directly addressable. Pronto Electronic
Systems Ltd., 466 Cranbrook Road, Gants
Hill, Iiford, Essex 1G2 6LE. y
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A Safe Relaxometer...

RALPH LOVELOCK

ANYONE who has watched a very young baby acquiring
manual skills such as reaching out and grasping a
desired object, will 'have realised the complexity of the
process. The hand first closes short of the object, then
beyond it, then to one side of it, but once success has been
attained, all further attempts are effortless and automatic. To
the infant there is no comprehension of the physiological
process, but the mind desires a certain end, the eyes feed
back to it the results of trial and error, and the child ‘learns’
to use its body to perform the task.

Such knowledge continues with us into adult life, and
without any conscious awareness of the individual electrical
impulses which actuate the muscles, we can automatically
learn, through feedback of the results of trials, from the five
senses, from emotional reactions in the mind, and from the
pleasure of attaining the desired end.

Much of the control and operation of bodily functions are
exercised without conscious awareness. By fitting a suitable
transducer to the body which will feed back to the mind
through the senses an indication of state from moment to
moment, the operation of such autonomic control is brought
to the level of consciousness. This process has been named
‘biofeedback’, and through it it has been found possible to
learn to raise or lower body temperature, blood pressure,
rate of heart beat, and the operating mode of the mind itself.

One of the earliest applications of this process was in the
American lie detector, which informed the questioner rather
than the subject, of an emotional state. All well-equipped
hospitals today employ many involved electronic machines
to inform the doctor and nurses of the operational state of
many bodily functions. This article is concerned with the
development of the lie detector to respond to much more
subtle states of mind, and feed back to the subject himself
so that he may learn to control states beyond the level of
consciousness. Such methods are being used currently in
therapy of a number of psychosomatic conditions including
cancer.

RELAXATION

It is common knowledge that worry, anxiety, sorrow, and
emotional stress can all give rise to acute nervous tension.
Some of our younger generation have sought relief from the
pressures of Waestern civilisation by learning to relax under
the guidance of Eastern religions. A regular entry into deep |
relaxation often accompanied by concentration on a fixed
theme or phrase, as in transcendental meditation, can bring
relief from such troubles, often allowing the operation of
bodily functions below the level of consciousness to return
to normal, and thus aliow the natural responses of the body
to meet and destroy any undesirable invasion.

Such relaxation is often accompanied by a brain wave
known as ‘alpha rhythm’, and there has been an attempt in
America to sell to the general public a cheap version -of
equipment to feed back to the patient the results of such
electrical pulses by sound or sight, using biofeedback to
learn control of the process. While such machines are in
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Prototype which will accommodate three patients

large scale use by medical staff to measure brain conditions
in patients, the output is fed to the doctor, and not to the
patient. Because sharp cut-off band pass filters are used
which can be excited by electrical noise, such anomalous
response can be very dangerous if fed back to the individual
himself, occasionally resulting in epileptic seizure.

The electrical conductivity of the outer layers of the
human skin has been the subject of much valuable research
which has allowed a refined version of the lie detector to be
used as a biofeedback machine to monitor, and teach to the
private individual, the ability to develop deep relaxation, and
by a type of transcendental meditation to receive therapy for
his condition. The use of the skin conductivity machine by
private individuals is quite safe, and can frequently be advan-
tageous in improving the quality of life, although any sufferer
from serious illness is well advised to seek the assistance of
a trained therapist so that the state of relaxation can be ad-
vantageously utilised in therapy.

SKIN CONDUCTIVITY

These machines are often misnamed ‘skin resistance
meters’, but such a designation is not true, because the
relationship between applied voltage and resulting current is
not linear, nor does the nature of conductivity variation with
emotion remain similar over a wide range of voltage applied.
In the normal process of living, the skin is being constantly
abraded and replaced by new growth; on the surface is the
debris of wear, beneath this is a complex outer layer, and
beneath that the inner materials associated with the zlectro-
chemical organisation of life. It is in the outer layer of skin
proper that the conductivity used occurs, while the surface
debris offers an obstacle to measurement by injecting a high
resistance limiting the effective area of electrode contact.

The conductance of the skin is not resistive because it is
the result of electro-chemical transfer of charge through the
walls of adjacent cells, and for the purpose of monitoring,
relaxation research has indicated that potentials greater than
2V applied across electrodes will give anomalous results.
The older method of obtaining a large effective area of con-
ductance between electrodes and surface debris was to use
a conducting jelly or fluid between electrode and skin {wet
electrodes), but this introduces an uncontrollable variable
into the system, which can mask some of the information
desirable. With the wet electrodes, or with equally un-
suitable metallic penetration of the debris by a layer of
matted metallic fibres, effective resistance lay between five
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thousand and fifty thousand ohms, and such conductance
was readily measured in a range of voltages below 2. With
dry electrodes however, such as those described here, the
effective resistance can rise to several megohms, and it was
this limitation which was only overcome at a reasonable
price when cheap versions of very high input resistance
operational amplifiers became available. The instrument
described here will allow an untrained person to adjust and
monitor the conductance across the electrodes between five
thousand ohms and fifty million ohms, a range of ten thou-
sand 10 one, and involving the monitoring of changes in
current of a few pica-amps.

In use, a needle moves across the scale of an instrument.
With the electrodes applied to the skin, a knob is turned to
increase the reading until it is approximately mid-scale. Any
increase in nervous tension will cause the reading to in-
crease, while a state of relaxation will cause it to fall back
towards zero, the further the fall, the deeper the state. Apart
from the difficulties of measurement in this range, a further
difficulty was to use cheaply available components to obtain
a smooth logarithmic variation of gain in the amplifief over
such a wide range, without backlash or drift, such that an
untrained person could easily operate it. Very early in the
development it became obvious that the greatest operating
cost was likely to be the destruction of sensitive meters
through accidenta!l overload, and in designing a meter
protection circuit a means was found of obtaining a very
desirable modification of input/output law over the working
range.

CIRCUIT OPERATION

The meter protection circuit is shown in Fig. 2. The output
of the amplifier is a voltage proportional to the current into
the electrodes, and this is fed into the meter circuit. Since
the purpose of the instrument is to ‘teach’ relaxation, there is
no need for the reading to be a linear measure of conduc-
tance, but it is desirable that it shall have a large change of
reading about the centre scale; this will enable a small start
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Fig. 2. Meter protection circuit and board assembly
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towards relaxation to be clearly visible to the user, and thus
encourage him to make further progress. The overall
response of the circuit is shown in Fig. 5. D7 suppresses the
zero, and D8 compresses the maximum reading, thus giving
the expanded deflection around mid-scale which is
desirable. In addition to this function, D7 masks the effects
on meter reading of small offset voltage output from the am-
plifier, which varies from chip to chip, and also protects the
meter from application of reverse polarity to the input. In ad-
dition to compressing scale reading, D8 protects the meter
from damage due to too great an input of excessive voltage.
The switch unit circuit is shown in Fig. 1. Use of an in-
dicator lamp to show that the instrument is switched on
would be a waste of battery current, but lack of such an in-
dication leads to run-down of batteries due to not switching
off after use. To offset this problem a push switch is used
which has an ‘indicator’ button; this button displays an
indicating orange disk while on, which becomes invisible
when off. It is very desirable however that when the battery
has discharged to a voltage incapable of maintaining a cons-

tant voltage output from the regulator used in an amplifier, ; ® ® @ - ~
that a visible warning be given that performance is no longer ¢ | o—TT—e 8 L
reliable. When the switch unit is controlling a number of o|  e{i)e » > =l BOTENTIRETER
work units, such a failure must be detected from any one of : oty B e (0ed ] o
the voltage controllers in that particular amplifier; this is ac- | 20SWG TINNED
189 il et P : ¢ e e LR TEST COPPER WIRE

complished by TR4, which in the absence of input to the bat- "1 Vs /._f [ xig B
tery fail line remains cut off due to R15, but when a failure ® b e < \ [—-SOLDE‘

: o 5. - METER 12 LR ] L Eal  Eallals ] \ PINS
drives the battery fail line positive, TR4 allows a limited [ ]~ e
current to flow, lighting D6 in the emitter circuit. There will :’ ® iy
still be enough output from the battery to continue lighting . v ol T e oA )
the lamp, and indicating that a new battery should be fitted. | o{ITre \-‘ YR o i

e o S . a = 0 R

The ampllf!er circuit is shown in Fig. 3. The voltage -l@ 9@) O. . @ Cassevay

regulator section is designed to accept the output from the T L~

9V battery at the collector of TR1 and deliver at the emitter
a drive potential constant for varying load at a value be-
tween 5.5 and 6-5V. A value of 6V will cause a current of

0:104mA to flow through R4, R3 and R2, raising the base
of TR2 to 0-07V which will leave it cut off in the absence of
additional current through D5. If the battery voltage falls to
such a level that D5 ceases to conduct, the voltage on the
base of TR3 will fall to O-17, it will also be cut off, its collec-
tor will rise to 6V, applying 5-3V through D1 to the fail line;
although there may be up to nine more amplifiers connected
to this line, each will have a diode in the same location,
which will prevent them from shunting this voltage to zero,
and the switch unit will light the alarm lamp. Until the bat-
tery voltage fails to too low a value to cause current to flow

through D5, that additional current through R2 will rise until.

TR2 conducts, when feedback from R1 to TR1 will maintain
a voltage just sufficient to cause around 0-5mA to flow
through D5, and TR3 will conduct.

The amplifier section of the unit consists of a dual
operational amplifier having input impedances around 1500
megobms and designed for singie ended operation from
4-36V. The dual logarithmic potentiometer of 1M resistance
is loaded so that the overall response of the amplifier to rota-
tion of the control is very nearly logarithmic, and the
response of a typical machine is shown in Fig. 6. A current of
0-93mA flows through D2, D3, D4, giving a ground line to
the amplifier of 1.8V above the zero voltage input to it. This
same current through R6, R7, R8, places a voltage across
the potentiometer between 0-3 and 2-8V above the ground
line. This is the voltage which should be applied across the
electrodes, but their impedance is so low that the desired
logarithmic control would not occur, and the first of the two
operational amplifiers is used as a unity gain buffer of high
input and low output impedances so that the required
voltage is applied to the test terminals.

P POTENTIOME TER ——————
VR-, 4 ¢R-,RS . o, R+, VR+
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BATTERY Fig- 4. Amplifier board
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(right) for connecting the
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Fig. 5. Response graph of Relaxometer

The current flowing through the test terminals flows also
through R10 and VR 1b. The voltage developed across them
is applied to the input of the second op amp. For very low
values of skin resistance, not only is a lower voltage applied
to limit current flow to the requisite low levels for significant
response to tension, but the input resistance in the path of
test negative to ground is also very low to prevent a masking
of test variation by a significantly high resistance in series
with the skin conductance. As the voltage is increased to
give a test current which is low enough to register tension,
but is also high enough to operate the amplifier above the
‘noise’ level when skin conductance is low, the value of
the second potentiometer resistance is also increased for the
same reason, and the combination of the two gives the
overall logarithmic response which is shown in Fig. 6 and
which also keeps the second op amp operating satisfactorily
over the design range. .

As far as the operator is concerned these various adjust-
ments of condition are automatically performed and in turn-
ing the control knob from zero towards full scale, he sees a
smooth increase of meter reading until it is half scale, at
which point he leaves it there, and watches the needle for in-
dication of retaxation or of tension.
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PERSONAL USE

The instrument is basically of assistance in learning to
relax. Most people think initially that if an effort of ‘will’ is
made, and the mind concentrated on a firm intention of
relaxing, that they succeed, and that the harder the mind is
stressed in achieving the end, the deeper will be the relaxa-
tion. In practice, nothing could be more effective in
preventing it; the very stress of concentration leads to ten-
sion, the very antithesis of the desired end.

(COMPONENTS -

Resistors

R1 22k

R2 680

R3 1k

R4 56k

R5 100k

R6 1k5

R7 2k7

R8 330

R9 1™

R10 1k

R11 10k

R12 100k

R13 3k9

R14 220

R15 560k

R16 12k

All resistors 0-4W metat film + 1% tolerance
Semiconductors

TR1-TR4 BC547 (4 off}

D1-D4 1N4148 (4 off)

DS BZYB88C5V6

IC1 CA3240E

D6 Fedi.cd.

D7-D8 1N4148 (2 off)
Potentiometer

VR1 1M log
Miscellaneous

B1 PP9

ME1 50uA meter

S1 Double pole indicating push button switch

L (RS 339-443)
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Biofeedback is only one of many methods which have
been used to train in relaxation, but it is probably the easiest,
and certainly the most universally applicable, since it is the
only one which is not tied to any one aim, but applicable
alike to mystical, spiritual, religious, and medical assistance.

When commencing to use it, a number of sessions are
normally needed before it becomes possible to rapidly relax.
The difficulty or ease of learning depends in large measure
on one’s prior disposition and experience, and if one does
not become discouraged, and gives the routine a fair trial,
eventual success is certain. Many attitudes are currently
adopted in relaxation, varying between standing on one's
head, sitting cross-legged on the floor, lying on the floor, and
sitting in a chair. A straight-backed chair is the easiest, and
most effective to use, where the feet, when sitting upright,
can rest comfortably on the floor.

The electrodes are attached to fingers or to the palm ac-
cording to type, the unit switched on, and the meter adjusted
to half-scale reading. The mind is gently diverted from sur-
rounding objects and present interests, by slowly reviewing
the bodily members, from feet, up legs, thighs, trunk, hands,
arms, shoulders, gently relaxing all muscular tension in each
in turn and leaving it in this state as attention is turned to the
next. The breathing rate is dropped to about two-thirds of
normal, but making each breath deep, slowly in, then
completely expelling from the bowel upwards. Finally, the
mind is detached from all the surroundings, and thought
centred on a single matter (mental picture, or single syllable
sound without rational meaning) and the needle idly
watched with the full confidence that it is slowly going to
drop towards zero.

The unit can be successfully used in private, in one’s own
home, but it is usually easier and more effective when done
regularly in a group, from three up to six, all sitting around a
table on which the machines rest. The location should be

ATTERY FAIL
Lo o BATTER g "
et 1 .
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| PP9
3 AMPLIF IER
T .
=0 ? T ov -2 &
D6 ] T
UP TD 10 AMPLIFIERS
MAY BE CONNECTED METER
\;\ TO ONE SWITCH

Fig. 8. Showing interconnection of board assemblies for
complete Relaxometer

quiet, with no probability of external interruption, and dura-
tion from twenty to fifty minutes. It will be found that even if
it takes a time to enter relaxation, to remain there for at least
ten minutes will bring a feeling of great rest, and a peace
which will remain for the remainder of the day. Even when
able to relax with ease, it should be practised regularly, at
least weekly, if possible more frequently, even perhaps daily.
It will become possible with practice, to relax without a
machine, but it is advisable to monitor occasionally with one
to make certain that one is still relaxing; in any case the
reassurance of seeing its existence will bolster confidence in
its use. ’

Finally, it should be noted that it is a complete mistake to
think that sleep is a condition of deep relaxation. During a
prolonged period of sleep, the brain experiences periods of
intense activity in dreaming, with rapid eye-movements and
other muscular activity. It is often found by patients that
after a period of many minutes of noting the needle on zero,
they have dropped off to sleep, and on waking have found
the needle at full scale. *

WANTED Kodak Carousel projector type SAV
2000. Mr. B. R. Smith, 128 Eastbourne Rd.,
Southport, Merseyside PR8 4EA. Tel: 66316.
OSCILLOSCOPE wanted. Small, single beam,
for use as vector graphics display. Offers less
than £70 only. Mr. P. G. W. Beart, 11 Apthorpe
St., Fulbourn, Cambridge CB1 5EY.

UK101 8K, BASIC 5, Mon 2 inst. manual, cased
few software tapes plus 12 inch b/w TV £140
o.n.0. G. J. Garrett, Phone Luton (0582) 422147
after 6p.m.

WANTED good condition oscilloscope single or
double beam. Preferably in Cleveland area. J. A.
Talbot, 7 Bamard Avenue, Fairfield, Stockton-on-
Tees, Cleveland TS19 7AB.

PRACTICAL Electronics Volume 1, bound
yearly from 1964-1977 plus approx. 2 years un-
bound. S.A.E. with offers please. Mr. F. Allen, 34
Charlton Close, Cheltenham, Glos. GL53 8DJ.
ELECTRONIC piano kit, Wireless World, 51
Note Keyboard etc. As purchased. Cost £108
any reasonable offer? R. A. McCall, 20 Empress
Ave., West Mersea, Colchester CO5 BEX. Tel:
0206 38 3039.

APPLE 11 Europlus 48K, 9 inch monitor, 1 disk
drive, Silentype printer, private ownership hence
v.g.c. £950. J. D. Dell, ‘Cygnet’, Norfolk Road,
Buntingford, Herts SG9 9AN. Tel: 0763 72828.
TELEPRINTER Kode keyboard friction-feed
paper punch + reader RS232-20mA good con-
dition useful electric typewriter £75 o.n.0. H. H.
Meinhardt, Morningside, Brereton, Heath Lane,
Somerford, Congleton, Cheshire. Tel: 0477
35277 evenings.
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MICROTAN with latest Tanbug and lower case
chip. £60 bargain. Circuit diagram and manual
included. M. Goonewardane, 241 Norbury Cres-
cent, London SW16 4LF. Tel: 01 764 0839.
PRACTICAL TV 1958 June 1983. Electronics
1st issue to June 1983 £50. Tel: 01 B74 6232.
Mr. J. McGlynn.

DATA on cheap 1 to 2 second delayed flip flop
from 12V d.c. wanted. M. Foster, 1 Buckles Way,
Banstead, Surrey SM7 1HB.

EX COMPUTER power supplies —5 amp +5,
+12, —12 £38. Gold edge connectors 2 x 38
£1.10 o.n.o. Tel: Cardiff (0222)- 43015. Max
Murison.

GUNSONS Sparktune Mk2 £5, 9 inch b/w
monitor ITC—PM-910. Superb condition £55.
B. M. Kermode, 56 Brantwood Road, Bradford 9.
West Yorkshire.

PE VDU board £12 o.n.o. Elector 16K DRAM
£15 o.n.0. Microtan 65 £25, SCMP/2 IN8154
£8 each d.il/plug in relays 75p/€£1, MM5303
unused £5. G. Williams, 85 Salthouse Rd.
Barrow-in-Furness, Cumbria LA13 9TN. Tel:
0229 29152.

FOR SALE, 7 TMS2516 EPROMS, 8 2114
RAM chips, 3 MPU's. Offers for lot. Will split. Tek
Chesterfield 825185.

QUANTITY magnetic tapes. Suitable computer
programs. 30p each or £2.50 for 10 + postage.
J. Harding, 30 Springhill, Upper Cam, Dursley,
Glos GL11 5PF.

MONO DX-TV isolated chassis. All band tuner,
audio/video infout £25 o.n.0. or what have youl
Mr. A. Bouskill, 129 Lyminster Rd., Sheffield, S.
Yorks S6 1HY. Tel: 0742 311191 after 4.30p.m.
COSSOR monitor screen plus case £40. Some
74 series chips packed on p.c.b.'s offers. Mr. M
Faulks, 218 Watford Rd., Croxley Green
Rickmansworth, Hertfordshite WD3 3DD. Tel
(0923) 30584.

WILLIAM Stuart's “Big Ears” speech recondi-
tion system for UK101. Superboard, Nascom,
Atom. £30. Call Chang. 041 332 7695 after
9p.m.

ATOM 13K+ 16K Utility 4A p.s.u. manuals
leads etc., books, over £B80 software Acorn
tested £199. Mr. C. D. Bittlestone, 1 Beechcroft
Ave., Dere Park, Brandon, Co. Durham DH7 8TF.
Tel: Durham {0385) 780925.

RADIO controlled car cost £70 reluctant sale
price £30. Tel: 01 504 0565. D. Snowdon, 124
Walpole Rd., South Woodford, London E18 2LL.
UK101 Cegmon 32 x 48 16K 1/2 300/600
green screen v.d.u. Manuals. Software various.
£260 o.n.o. Tel: (0734) 5016586, (0734) 22410.
P. R. Border.

WANTED Everyday Electronics Feb 1979 or
copy of correction to circuit for Solid State
Roulette. D. S. Jackson, 13 Columbia St.,
Cheltenham, Glos GL52 2JR. Tel: (0242) 20770.
PRINZ Cruiser 8. Personal stereo radio cassette
recorder, 1 month old, perfect in condition, with
guarantee £60. Mr. Wing Lee, 5 Crown Street,
Hebden Bridge, West Yorkshire HX7 8EH.
REALISTIC DX200 Receiver £70 and ZX81
Computer £30 o.n.0. Both in mint condition,
possibly will deliver. Mr. S. Sagar, 293 Ac-
crington Rd., Blackburn, Lancs. Tel: 65803.
SUPERBOARD 4K cased, modulator and
power supply, 5 volt 3 amp £170. B. Hutchings,
19 Buckeridge Way, Bradwell-on-Sea, Essex.
Tel: Maldon (0621) 76441.

WANTED vintage wireless sets and spares from
the 1930's and before. Mr. S. Busbridge, 29
Clarence Drive, East Preston, Littiehampton,
West Sussex BN16 1EJ. Tel: Rustington
(09062) 5615.

WANTED urgent help needed to make my P.E.
analogue board work. All replies answered,
‘phone Gloucester 730919. Andy Bradiey.
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YOu cant beat
The System

The Experimentor System™ —a quicker transition from imagination
through experimentation to realization.

Experimentor Scratchboard * workpads.

Expernimentor Matchboard* pre-dniled PCBs

When you have a circuit idea that you want to
make happen, we have a system to make it happen
quicker and easier than ever before: The
Experimentor System.

You already know how big a help our
Experimentor solderless breadboards can be. Now
we've taken our good idea two steps further

We've added Experimentor Scratchboard
workpads, with our breadboard hole-and-connection
pattern printed in light blue ink. To let you sketch up
a layout you already have working so you can
reproduce it later

With Experimentor Matchboard you can go from
breadboard to the finished product nonstop! We've
matched our breadboard pattern again, this time on
a printed circuit board, finjshed and ready to build
on. All for about £1.50

There's even a letter-and-number index for each
hole, so you can move from breadboard (where
they‘re moulded) to Scratchboard™ (where they're
printed) to Matchboard {where they're silkscreened
onto the component side) and always know where
you are

When you want to save time and energy, you can't
beat The Experimentor System.

4. EXP-300PC, which inciudes one item
* A Matchboard pre-dried PCB

2. EXP-302, which includes thres items
Three 50-sheet Scratchboard

EXP-303, which includes three items

* Two Matchboards and an EXF-300

EXP-304, which includes four items
* Two Matchboards, an EXP-300

£1.50 workpads £1.75 solderless breadboard £8.00 e::;t:’t;%ard and a Scratchboard £9.40
r-----------------
GLOBAL SPECIALITIES CORPORATION DEPT. 5W
GLOBAL SPECIALTIES CORPORAT'ON l mit 1 Shire Hill Industna Estate. Saffron Walden Essex
Name

1] —F

G.S.C. (UK) Limited, Dept. 5W

Unit 1, Shire Hill Industrial Estate,

Address

£2.59
3 EXP 303
l £10.35

I 1.EXP 300PC

Saffron Walden, Essex. CB11 3AQ.

Telephone: Saffron Walden (0799) 21682

Telex: 817477

RN,

Card No

Inc P&P and 15% VAT

Qnty.Reqd 2 EXP 302 Qnty Reqd | FREE Catalogue tick box
£2.88 | enclose cheque PO for
Qnty.Reqad 4 EXP 304 Qnty.Reqd
| £11.96

Phone your order with Access, Barclaycard or Amerncan Express

Expiry date

Goods desratched within 48 hrs

s o o o o




P.E. LOGIC TUTOR

We can supply a complete set of parts for this
series starting this month. All parts as specified,

including the PCB for £29.95

3

MOTORIZED GEARBOX
These units are as used In a computer-
ized tank. and offer the experimenter in
robotics the opportunity to buy the
electro-mechanical parts required in
building remote controlled vehicles.
The unit has 2 x 3V motors, linked by a
magnetic clutch, thus enabling turning
of the vehicle, and a gearbox contained
wwithin the black ABS housing, reducing
the final drive speed to approx 50rpm.
Data is supplied with the unit showing
various options on driving the motors
etc. Suitable wheels also available; de-
tails in next ad. Motorized gearbox
price £5.95

COMPUTER GAMES
Z301 Can you follow the flashing light/
pulsating tone sequence of this famous
game? Suppiied as a fully working PCB
with speaker {no case) plus full instruc-
tions. Only £4.95

Z302 Probably the most popular elec-
tronic game on the market — based on
the old fashioned pencil and paper bat-
tieship game, this computerized ver-
slon has brought it bang up to date! We
supply a ready built PCB containing
76477 sound effect chip, TMS1000 mi-
cro-processor chip, R's, C's etc. Offered
for its component value only (board
may be cracked or chipped, it’s only
£1.95. Instructlons and circuit, 30p.

LIE DETECTOR

Not a toy, this precision instrument was
originally part of an "Open University"’
course, used to measure the change in
emotional balance, or as a Hle detector.
Full details of how to use it are given
and a circuit diagram. Supplied com-
piete with probes, leads and conductive
jelly. Needs 2 44V batts. Overall size 155
x 100 x 100mm. Only £9.95—worth that
for the case and meter alonell

1000 RESISTORS £2.50
We've |ust purchased another 5 million
pre-formed resistors, and can make a
similar offer to that made two years
ago, at the same pricell K$23-1000
mixed } to}W 5% carbon film resistors,
preformed for PCB mntg. Enormous
range of preferred values. 1000 for
£2.50; 5000 £10; 20k £36.

THE 1984
GREENWELD
CATALOGUE

Now in the course of production, the
1984 GREENWELD catalogue will be
published in November. It's Bigger,
Brighter, Better, more components
than ever before. With sach copy
there’'s discount vouchers, Bargain
List, Wholesale Discount List, Bulk
Buyers List, Order Form and Reply
Paid Envelope. All for just £1.001 Order
now for early delivery!

TREAT YOURSELF TO A NICE NEW
DIGITAL MULTIMETERII
KD55C A DVM for the professional —
this 3} digit muftitester has overioad
protection, low battery and over range
indication. Full auto-polarity operation.

AC Volts: 0.2-700

DC Volts: 0.2-1000

AC Current: 200uA-10A

DC Current: 200ua-10A
Resistance: 200R-200M

Total 28 ranges for just £44.95

2N3055 SCOOP!!
Made by Texas — full spec devices 60p
each! 10 for £4; 25 for £9; 100 for £34;
250 for £75; 1000 for £265.

STABILZED PSU PANEL
A199 A versatile stabilized power sup-
ply with both voitage (0-30V} and cur-
rent (20mA-2A) fully variable. Many
uses inc. bench PSU, Ni-cad charger,
gen purposes testing Panel ready built,
tested and calibrated. £7.75. Suitable
transformer and pots, £6.00. Full data
supplied.

FERRIC CHLORIDE
New supplies just arrived — 250mg
bags of granules, easily disolved in
500ml of water. Only £1.15. Also abra-
sive polishing block 95p.

ELECTRO-DIAL

Electrical combination lock - for maxi-
mum security — pick proof. 1 million
combinations! Dial Is tumed to the right
on one number, left to a second num-
ber, then right again to a third number.
Only when this has been completed in
the correct sequence will the electrical
contacts close. These can be used to
operate a relay or solenoid. Overall dia
65mm x 60mm deep. Only £3.95.

GREENWELD

443c Millbrook Road Southampton SO1 OHX
ALL PRICES INCLUDE VAT; JUST ADD 60p P&P
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2158
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the originu
oscilloscope with built-
in compolent tester

Capaclor33eF  Transistor E-C issor 3-E B:‘ml’+-am

NOW WITH IMPROVED Spﬁm IONS

Y Deflection

Bendwicth: DC-10 MHz (-3dB)
Overshoot: Lass than 1%
Sensitivity: 2mV-20 V/cm
input iy 1 ohm//25pf
Varuble Controt

X Deflection

For more iiormation on HAMEG's full range of top
perfarmrance ascilloscopes contact:

HAMEZG LTD.
74 - 7€ Coll ngdon Street, Luton, Beds. LUT 1RX
Tel: (0682. 413174
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Who Pays?

The General Election, barely three
months in the past, already seems light-
years away. The result will affect industry
and commerce until 1987/88. The opposi-
tion parties remain in disarray, divided and
powerless. With hindsight it is now clear
that the Conservatives fought on the
Labour Manifesto rather than their own.

Whatever sins of omission or commis-
sion can be laid at the feet of Mrs Thatcher
during her first term, she cannot be faulted
for proclaiming an elementary truth. This is
that governments don't pay wages. Neither
do local councils or chairmen or managing
directors of companies. They can only
channel the money paid by customers and
taxpayers. It is the latter who pay and loss
of custom means less pay, ultimate unem-
ployment. Taxpayers, too, need and de-
mand value for money. The message is now
taking hold.

Results

Nobody understands the principle of
customer satisfaction better than Lord
Weinstock who took over ailing GEC
twenty years ago. Today GEC is second
only to British Petroleum in stock market
capitalisation. Trading results issued mid-
year showed a turnover of £5-5 billion with
profits up to £670 million from last year's
£584 million. Moreover, cash at the bank
and short-term investments rose to £1-34
billion from £1.04 billion. Of the £670
million profit, £224 million came from elec-
tronics. Order books are nine per cent up on
the previous year.

Despite such apparently good resuits
during the recession there are still hard
times ahead. A climb out to improved
growth could be painful. As Lord Weinstock
observes, it is a mistake to imagine that
recession is a prelude -to boom and
although the business outlook is improving
there will be no sharp recovery in employ-
ment. Increased activity in high-tech
manufacture could also precipitate a
shortage in some of the more exotic i.c.s.
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This view adds weight to the rumour that
Lord Weinstock has his eye on Inmos as a
possible acquisition.

Another high-flyer is Sir Ernest Harrison
heading up the Racal Group which, ten
years ago, was not rated in the top 100 and
is now in 19th spot. Racal boosted pre-tax
profit to £114 million from £103 million
last year but the City remains unimpressed,
downgrading Racal from its former
‘glamour’ status. Those with the foresight
to invest £1,000 in Racal shares when the
company went public in 1961 and left them
with dividends intact would find themselves
today with a return of over £50C,000. Well,
you can't grow at that tate for ever and
there are good reasons for the slow-down.
Defence electronics in the Middle East is
one of Racal’'s most profitable markets. The
cut-back in oil prices in OPEC countries
didn’t help there. The data communications
business in the USA ran into a price-cutting
war and this didn't help, either. Then there
was the problem of Decca, recently ac-
quired, and needing turning round to profit.
Borrowings soared to finance the Decca
deal but these have now been paid off. So
all-in-all the Racal Group looks set for
further advances.

The three-year re-structuring of Decca
and its integration into the Racal Group has
now been virtually completed. Central to
this task was David Elsbury, an old Racal
hand and one of the earliest high flyers who
has now returned to the centre as Deputy
Chief Executive, second only to Sir Ernest in
the hierarchy. Elsbury also has special
responsibility for the Data Communications
Group recently relinquished by D. Leighton
Davies who has taken early retirement but
remains a consultant to the company. A
new promotion is that of Barton J. Clarke to
chairman of Racal Radar Defence Systems
Ltd. Clarke joined Decca in 1957 and in re-
cent yeais succeeded in building up the
company’s electronics warfare business to
world status. Now, within Racal, this EW
group employs 1,800 people exporting to
30 countries.

The larger the company the harder it
becomes to get dramatic growth in percen-
tage terms. Thus Ferranti, almost a midget
beside GEC, romped home with 31 percent
increase in pre-tax profits to £31-5 million.
Electronics again showed the sharpest ad-
vance, 49 percent up on the previous year.
Order books for the current year are 20 per-
cent up compared with a year ago.

STC, now British controlled (ITT retaining
only a minority share), is also flying high as,
indeed, are Plessey and Thorn-EMI.

Change

But to keep going means changing with
the times, ditching old unprofitable lines, in-
troducing new products at keener prices.
So it was that GEC's telecommunications
factory at Hartiepool which once employed
6,000 people is now reduced to a few hun-
dred. Hardship for\those displaced but it
needn't be for ever. Remember Corby,
‘crucified” by closure of British Steel with
6,000 people ‘thrown on the scrap heap’
three years ago? With government incen-
tives, over 200 new firms have emerged

not counting the great Wonderworld leisute
complex yet to come with £200 million
pounds investment and another 3,000 jobs.
Corby hasn’t yet solved its unemployment
problem but has accepted the challenge of
writing off steel in favour of a diversity of
new enterprises. What should have been a
Labour stronghold, fuelled on discontent,
Corby with a vision of a new future ahead
voted Conservative. But change is not all
for the good. RS Components, for example,
relocating at Corby means a loss of jobs in
London.

Fruit Machines

Small computers named after fruits con-
tinue to proliferate but | should imagine
that Lemon or even worse, Raspberry,
modelis will not appear. We all know that
the cost of computing is on a downward
-curve but it is still a surprise td learn that if
aircraft fares had fallen at the same rate as
computing power over the last 40 years
you could fly the Atlantic for a pennyl The
comparison is based on the original Eniac
at a then estimated cost of £ 10 million. The
humblest micro will do more or less the
same job today for a handful of notes.

The hardware may fall in cost but the
software may not. It is conceivable that, like
the Gillette safety razor once given free
with a packet of blades, so the computer
will come free with the software. But not
yet. ACT, unveiling its new Apricot model at
a basic £1,500, is decidedly up-market
compared with, say, Sinclair, but even in
this bracket there is an active price war
with Apricot claimed to have the price edge
through lower overheads, and might com-
fortably drop further when production
speeds up to 4,000 machines a month
early next year.

It is bad enough with genuine competi-
tion. The real trouble comes with illegally
produced look-alikes, the cheap copies
made in Hong Kong, Taiwan, Singapore,
even, it is said, in Japan itself. Apple is the
ptincipal target, one machine being labelled
Apollo (near enough to confuse) with other
look-alikes with different names but boldly
sub-titled Apple-compatible. One such is
reported as being marketed in North
America as the ‘Orange’.

And how about software? Will computer
software go the same pirating way as video
tapes? There seems no reason why not
while there is tainted money to be made.
No, I'm not advocating the practice, just ob-
serving what could go wrong. The very
prospect is terrifying the whole legitimate
industry.

A possible countermeasure is the recent
adoption by Japanese manufacturers of a
common standard for both hardware and
software for personal computers. Thus, any
low-priced home computer will take any
software. This could reduce prices to a level
where it is not worthwhile for the copy-
cats. On the other hand it sharpens up the
existing price war to the point where only
the strongest can survive. Looks like a re-
run of the pocket calculator struggle.
Perhaps we should forget the agonies of
the manufacturers and concentrate on the
oenefit to the consumer.
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THE PE Logic Tutor has been designed specifically for use
with the series, ‘Introduction to Digital Electronics’ which
commences in this issue of PE. The Logic Tutor provides the
user with “hands-on” experience of digital circuits and
numerous practical investigations have been included in the
text. Furthermore, although primarily designed as a learning
aid, the Logic Tutor can be used as a “breadboarding”
system in its own right. It is thus eminently suitable for those
readers engaged in the design and development of logic cir-
cuits. Indeed, it is envisaged that the newcomer will con-
tinue to find numerous applications for the Logic Tutor when
the series has been completed.

LEARNING AIDS
There are, essentially, two distinct approaches to the
problem of providing an effective digital logic learning aid.
The first involves a fixed arrangement of logic gates wired
permanently to a board with terminals to facilitate links be-
tween gates. Such an arrangement is ideal for a beginner
but tends to be somewhat inflexible and often fails to reflect
the “‘real-life” characteristics of integrated logic devices. The
second approach involves the use of a "breadboard” area
into which a wide variety of TTL and CMOS logic integrated
circuits may be inserted. Such an arrangement is usually
based upon a proprietafy breadboarding system and is often
lacking in such additional facilities as logic level generators
of various types, a means of logic state indication, clocks
and a power supply. Some, or all, of these items have to be
provided by the user at additional cost and inconvenience.
The PE Logic Tutor combines both approaches; retaining
the simplicity of the first method with the flexibility of the
second. It is, therefore, adaptable and versatile, and further-
more is completely self-contained, requiring only a power
source to be fully operational.

CIRCUIT DESCRIPTION

Logic State Indicators

The circuit diagram of the four logic state indicators is
shown in Fig. 1. Each logic state indicator consists of a
single npn silicon transistor operated in common emitter

5V

D1 R3 D2 R6 D3
270 270
R o1 R 02 R7
4x7 NI 4k7 AN 47
TRI TR2
BC548 B8C548
R2 RS R8
(1%} Lk7 k7
EG123Y

Fig. 1. Circuit diagram of the four logic state indicators

PE LOGIC
TUTOR

MICHAEL TOOLEY Ba

DAVID WHITFIELD
MA MSc CEng MIEE

mode as a saturated switch. The l.e.d. connected in the
collector of the transistor becomes illuminated whenever the
transistor is in its conducting (‘on’) state. R1 and R2 set the
input switching threshold and are arranged so that a logic '1’
input state is recognised whenever the input voltage ex-
ceeds approximately 1-4V. The maximum input current
drawn from the circuit under investigation is limited by R1 to
below 1mA. Under the saturated condition in which TRt is
operated, R3 determines the ‘on’ state collector current and
thus can be used to adjust the brightness of the l.e.d. Where
desired, the value of R3 may be changed to increase or
reduce the brightness of the |.e.d. The value specified should
provide an adequately bright display under normal condi-
tions of room illumination without excessive drain upon the
supply. The minimum recommended value for R3 is 1500hm
and, in this condition, the l.e.d.s will be operated with
forward currents of approximately 20mA each. De-coupling
of switching transients appearing upon the supply rail is
provided by C1.

Logic Level Generators

Four switched lagic level generators are provided. Two of
these are momentary and two provide a latching action.
Each switch is fully “debounced” (i.e. momentary switching
transients due to contact bounce have been removed by
means of appropriate circuitry). The output of each of the
four logic level generators is fully TTL compatible in terms
of the output voltage levels produced.

The circuit diagram of the two momentary switches, S1
and S2, is shown in Fig. 2. IC1 is a hex inverter (hex simply
means that it incorporates six individual and identical logic
gates).

Two inverters are used in each of the switch circuits; the
first inverter provides the TTL compatible output whilst the
second is used to complement the logic state and operate
the l.e.d. R13, R14, and C2 perform the signal conditioning
and de-bouncing necessary for S1. When S1 is closed, the
input of IC1a (pin 1) will be at OV (logic ‘O’). Due to the in-
verting action of 1C1a, its output (at pin 2) will be at approx-
imately +3-5V (logic ‘1°). TTL gates can usually sink very
much more current than they can ‘source’ (this subject will
be explained at greater depth in the Introduction to Digital

€61232]
Fig. 2. Circuit diagram of the two momentary action
logic level generators
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Fig. 3. Circuit diagram of the two latching action logic
level generators

Electronics series). The second inverting stage, IC1b, is thus
used to further invert the logic state such that the l.e.d.
becomes illuminated when its output (at pin 12) is in the
logic 'O’ condition.

The circuit diagram of the two latching action switches,
S3 and S4, is shown in Fig. 3. The switch de-bouncing cir-
cuitry is the same as that used for the two momentary action
switches. The output of the first inverting stage is, however,
taken to a bistable stage which “remembers” the logic con-
dition and remains in that condition until the switch is
pressed a second time. The i.c. used is a dual J-K bistable
(the significance of the term will again be explained in In-
troduction to Digital Efectronics) and it offers two com-
plementary (i.e. _logically opposite) outputs which are
labelled ‘Q" and ‘Q’. One of these, the Q output, is used as
the TTL compatible output, whilst the second, Q, output is
used to ‘sink’ current for the l.e.d. indicator for the same
reason as before.

Clock

The clock produces a low frequency square wave output at
approximately 1Hz. The voltage levels produced by the clock
are, again, TTL compatible. The circuit diagram of the clock
is shown in Fig. 4. IC3 is a 555 timer connected in astable
mode with timing components (R25, R26 and C10) chosen
such that the output duty cycle (i.e. ratio of ‘on’ to ‘on’ plus

+5v

R2S
1k

7
- cLock’
e Rzl IC3
- 220k] 555
2 R20
g 270
C10 -
T/.y7 09 \\\\
ov

Fig. 4. Circuit diagram of the clock

‘off times) is very nearly 50%. The clock frequency may be
increased or decreased simply by changing the values of
either R26 or C10. Note that, to preserve the 50% duty cy-
cle, it is essential to use a value for R25 which is very much
less than that used for R26. C9 provides supply de-coupling
and D9 is used to indicate the logical state of the clock out-
put.

Power Supply

The circuit diagram of the power supply is shown in Fig. 5.
The power supply comprises a bridge rectifier, REC1, and a
monolithic integrated circuit voltage regulator, |1C4. The
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Fig. 5. Circuit diagram of the power supply

bridge rectifier has a dual function. When the Logic Tutor
derives its power supply from a d.c. source {such as a 9V
battery) the rectifier ensures that the supply polarity is
always correct regardless of the actual polarity of the battery
connections. When the Logic Tutor is to be operated from an
a.c. mains adaptor (consisting of a 240V/6V step-down
transformer) the bridge rectifier provides its normal function

+5v

[ [3] [e] [ [o] [5] [e

Fig. 6a. Pin configuration for the 7404
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Fig. 6b. Pin configuration for the 7473
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Fig. 7. P.c.b. design for the Logic Tutor board

of rectification and produces a ‘raw’ d.c. output which is
developed across C11. A highly accurate and stable 5V out-
put is produced by 1C4. This supply is provided at various
points throughout the breadboard area and is also taken to
the other integrated circuits, IC1, IC2 and |C3. Two separate
contact points are used to provide a logic ‘1' level. Resistors,
R28 and R29, are connected in series with these points in
order to limit the available currentin the event of an inadver-
tent short circuit. The maximum current which can be sour-
ced from either of the two logic ‘1° points being a modest
5mA. Further de-coupling is provided by C12 and C13. It is,
incidentally, good practice to include a number of supply rail
de-coupling capacitors in .a - digital logic system. These
capacitors can often be instrumental in reducing the unwan-
ted effects of supply borne transients and should always be
distributed throughout the area occupied by the digital i.c.s.

28

CONSTRUCTION
The PE Logic Tutor is built on a single sided printed circuit
board measuring approximately 163x172mm. The foil
layout for the p.c.b. is shown actual size in Fig. 7 and the
corresponding component layout on the top side of the p.c.b.
is given in Fig. 8. The p.c.b. is available screen printed such
that all components and connecting points are readily iden-
tifiable. Components should be fitted to the p.c.b. in the
following order; i.c. sockets, connecting strip, connectors,
resistors, capacitors, bridge rectifier, l.e.d.s, transistors and
regulator. Care should be taken to correctly locate compo-
nents prior to soldering them into place. Furthermore, it is
particularly important to check the polarised components
such as electrolytic capacitors, l.e.d.s and transistors.

The long term success of the Logic Tutor depends largely
upon the ease with which reliable links can be made within
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Fig. 8. Component layout

the breadboard area. It is, therefore, essential to use high
quality connecting strip and i.c. sockets. The socket strip is
supplied in 20-way lengths. These may be easily cut to
produce any desired number of ways. The sockets them-
selves will accept connecting wires, or component leads,
having diameters in the range 0-4 to 0-6mm. The sockets
are of two-part machined construction with a four finger
contact arrangement made from beryilium copper, gold
plated over nickel. Such a high quality of construction does,
unfortunately, carry a penaity! The i.c. sockets, and con-
necting strip, are relatively expensive, however it is felt that
this is not too high a price to pay for reliability and ease
of use.

When construction has been completed, carefully check
the underside of the p.c.b. for dry joints and soilder splashes
between adjacent tracks. Finally, insert the integrated cir-
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cuits into their respective holders taking care to observe the
correct orientation of each device. Assembly is now com-
plete and the Logic Tutor is ready for initial testing.

INITIALTESTS
The following items of equipment are required in order to
confirm that the Logic Tutor is fully functional:

(1) d.c. multi-range meter of 10kohm/voit minimum

(2) regutated d.c. power supply
The power supply should preferably incorporate some form
of short-circuit protection. If such a supply is not available,
then a fuse of 500mA rating should be incorporated in the
positive supply lead to offer a measure of protection in the
event of an inadvertent short-circuit across the supply rails.
Similarly, if a d.c. supply is 'unobtainable, then either a 3V
dry battery (such as a PP9 or similar capable of delivering a
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COMPONENTS . ..

Resistors
R1,R2,R4,R5, R7,R8,R10,R11,R13,
R16,R19, R22 4k7 {12 off}

R3,R6,R9,R12,R15,R18,R21, R24, R27 270 (9 off)

R14,R17,R20, R23 100 (4 off)

R25,6R28,R29 1k (3 off}

R26 220k

All resistors W 5% carbon
Capacitors

C1,C2,C3,C5,C6,C7 10p 16V p.c. elect. (6 off)

Cc4,C8 4n7 ceramic (2 off)

C9,C12 100p 16V p.c. elect. {2 off}

Cc10 4u7 35V tant

c11 1000p 16V p.c. elect.

C13 100n polyester
Semiconductors

D1to D9 red 0-2in l.e.d. (9 off)

TR1,TR2, TR3, TR4 BC548 (4 off)

IC1 7404

1C2 7473

Jc3 555

I1C4 7805

REC 1 50V 1A bridge rectifier
Miscellaneous

1 x8-pin, 2 x 14-pin low profile d.i.l. sockets

6x 16-pin high quality d.i.l. sockets {see text)

0.1” connector strip {appx. 15x20-way strips)
1x3-way O-1” connector, 1 x10-way 0-1” 90-degree
connector

4 xminiature s.p.s.t. p.c.b. switches

Printed circuit board

Mains adaptor incorporating 6V 3VA transformer
Five stick-on rubber feet {for the rear of the p.c.b.)

A\ 5

load current of up to 100mA) or the recommended mains
adaptor may be brought into service. in either case,
however, it is essential to check for short circuits and correct
orientation of the bridge rectifier before connecting the
supply.

Set the d.c. supply to give an input of 12V d.c. and connect
the meter in series with the positive supply lead in order to
measure the supply current. Switch the supply ‘on’ and
check that the supply currentis in the range 30mA to 90mA.
If the supply current is greatly in excess of 90mA, or the
overload protection in the power supply operates, or the in-
line fuse blows, then check for incorrectly located compo-
nents and short circuits on the underside of the p.c.b. If the
supply current is very much less than 30mA, or zero, then
similarly check for incorrectly located components, open cir-
cuit connectors and dry joints. Assuming that the supply
current is in the correct range, the next stage is to check the
output voltage from the regulator. This is easily done by con-
necting the meter, on the 10V d.c. range, across the rails
marked ‘+5V’' and ‘OV’. The reading should be in the range
4.5V to 5-5V. If this is not the case, check the regulator and
associated components.

Having established that the nominal 5V supply rail is
correct, the next step is to check the low frequency clock. D5
should be flashing ‘on’ and 'off at a rate of approximately
one flash per second. If this is not the case then check IC3
and associated components. The logic level generators, S1
to S4, should now be checked. D6 and D7 should become il-
luminated when S1 and S2 respectively are depressed. The
l.e.d.s should become extinguished when the switches are
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released, thus demonstrating the ‘'momentary’ action of
these switches. Depending upon the initial conditions, D8
and/or D9 may be illuminated. Depressing S3 and S4
should, however, change the state of D8 and D9 respec-
tively. These l.e.d.s will remain in the illuminated or ex-
tinguished state until the appropriate switch is depressed
again, thus demonstrating the ‘latching’ action of these
switches. |f the action of any of the switches is suspect,
check IC1, IC2, and associated components. it is also worth
checking that the l.e.d.s have been fitted with the correct
polarity!

Finally, the logic state indicators should be tested. This is
very simply accomplished by feeding a logic "1’ (obtainable
from the appropriate connecting point marked on the p.c.b.}
to the input of each indicator, D1 to D4, in turn. In each
case, the appropriate |.e.d. should become illuminated. If this
is not the case check the polarity of the l.e.d., transistor, and
associated components. This completes the construction
and testing of the Logic Tutor. If desired, the protected d.c.
power supply may be replaced with the recommended
6V/3VA a.c. mains adaptor. Details of the first practical in-
vestigation using the Logic Tutor will be found in Introduc-
tion to Digital Electronics elsewhere in this issue of PE. %

LOGIC TUTOR BOARD KITS

Complete kits for the Logic Tutor are available from the
following suppliers:

Howard Associates, 59 Qatlands Avenue, Weybridge,
Surrey KT13 9SU (0932 42376)

Riscomp Limited, Electronic Component Distributors,
21 Duke Street. Princes Risborough, Bucks HP17 QAT (084
44 6326)

TK Electronics, 11 Boston Road, London W7 3SJ (01-579
2842)

Magenta Electronics Ltd., 135 Hunter St., Burton-on-
Trent, Staffs DE14 2ST (0283 65435)

G. D. & P. Cowan Services, 9 Harcourt Terrace,
Headington, Oxford (0865 6074 1)

Electronics World, 1C Dews Road, Salisbury SP2 7SN
Microstate Ltd., 5 Northfield Close, Fernhill Heath, Wor-
cester WR3 7XB {0905 56322)

Bi-Pak, PO Box 6, Ware, Herts (0920 3182)

EVERYDAY

ELECTRONICS

and computer PROJECTS

% TEACH-IN "84 w
A 12-Part home study course in the principles and practice of elec-
tronic circuits. Essentially practical, each part Includes experiments
to demonstrate and prove the theory.

* HOME INTERCCM
Use of i.c. audio amplifier in main station provides quality reproduc-
tion. Call facility at remote station.

* IMMERSION HEATER TELL-TALE #
Save It] An electronic aid for reducing energy costs.

* SHORT-WAVE RADIO &
Simple t.r.f. clrcuit covering 1.6MHz to 30MHz In three ranges. An
inexpensive introduction to short wave listening.

Plus

CIRCUIT EXCHANGE

—Forum for Readsrs’ Circuit ldeas
SPECIAL OFFER—Eagle Multimeter

OCTOBER ISSUE ON SALE
SEPTEMBER 16

Place a regular order with your NEWSAGENT—Now!
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Superior Quality Precision Made

NEW POWER RHEOSTATS

25 Watt {5/10/25/50/100/150/250/500/ 1K 1
€3:10. 4 30p P&P £3.91 inc. VAT)

50 WATT 25011 £5 50 - 50p PAP (£6.90 inc VAT)
100 WATT 1/5/10/25/50/ 100250/ 300/500/ 1k1)/ 154}/ 2.5k 1 1/3 Suf}
€7.25 - 75p P&P (£9.20 snc VAT)

Blach Silvar Shirted Knob calibrated in Nos 1.9, 112in dia. brass bush
Ideal for above Rheostats 30p es. - VAT

SOLID STATE E.H.T. UNIT

|5KVA {75 amp MAX)

TRANSFORMERS

200W 1 amy m:. 8.6 votage
New ceramic consteuction, heavy duty brush 0.5 KVA (2 MAX)
assembly, continuously rated 1KVA {5 amp K.

VARIABLE VOLTAGE TRANSFORMERS

INPUT 230/240V »a.c. 50/60 OUTPUT 0-260V

15,
€19, oo
£25.00
£41.00
£49 00
£96.00
£174.00
£7000

3-PHASE VARIABLE VOLTAGE

Dualinput 200 - 240V or 380-415V. Siar connected
3IKVA 5 amp per phase max £113.40
6KVA 10 amp per phase max £170.10
10 KVA 16 amp cer phase max £345.45
Comprehensive range of L.T., AUTO {110-240V),
ISOLATION TRANSFORMERS &vailable for im-
mediate delivery. Leaflet on request.

GEARED MOTORS
Srpm 240V 4 C. MY, by Carter. £6.05 €1 olip (£8.91
inc VAT} '
TV2rpm Motor approx 301b in. 110V A C compleie .
3 ih Transformer for 240V .C €£10.20 + €150 &0 Wy,
S «  Gotalinc. VAT £13.481 N
* - = g —— -

7|rpm WYNSCALE motof approx. 101b inch
A C. supplied with auto transtormer 240V
AC opeulun €9.75 p&p £1.50 {£12.94 inc VAT

42 rpm.
tm:m 8t 4% rpm_Price £18.16 p&p €2 50 {£23.75 inc VATI. N M
TRANSFORMER 240V A C, operations £15.07 inc VAT

38.3 rpm GEZARED MOTOR. Torque 351b in reversibie 115V AC inc. start
capacitor. Price: £11.55 - £2 PAP {1otal inc| VAT £15.38)

QA C 50n;. 100Ib nc. reversibie, will opergte on ZJOAC Soeert

All plus ‘Suitable Transformer 230V A.C operaton Price: £7.18 < 50p P&P (total
u;ﬂ\;x; incl VAT £8.801 NM.S
Ll —

N.E.C. GEARED MOTOR 152 rpm 200Ib.1n. 230V A.C 50M:.
Retio 9.2 to 1. Non reverse. Incl. capactors. Fracton of
maker's price. £41.25 « Carr - VAT NMS

INDUSTRIAL STROBE KIT

tion of the price of

EPROM ERASURE KIT
Why waste money? Build your own EPROM ERASURE for 8 frac

""V. made-up unit. Complete kit of parts less case,
10 include 12° B wan 2537 Angst Tube. Ballast unit. pale of bi-pin
leads Neon indicator. safety micraswitch. on/oft switch and cir

cunt.

LESS CASE Price: £13.60 - 75p P&P |Total incl. VAT £16.50}
Wazning: Tube used in this circurt is hrghly dangerous to the eyes.
Unit MUST be fited 1n suitable case

Ideal toe Industrial ang Educationai purposes Produces high -menwy
Hash varistle from approx. 110 70 f.p.s. Price less case: €2, £2 P&P
(total incl. VAT DJ MI Suitable Case and Reflector £12.50 - £2 P&P,
{toralinci. VAT £16

HY-LYGHT Mk V' Designed tor Disco, Thestrical uses. atc
Approx. 4 jpules. Adjustabie speed Price €27 + DP&P (Totat inc. VAT
£33.38) Case and reflector price £1250 » £2 P&P (total incl. VAT
£10.68) Fodlscap SAE for further details including Super Hy-Lyght

COMPRESSOR
Thomas singte diaphragm Max. 20 psi. 174~ ctm.. approx. 110V A C.
£18 - £2 P&P (total incl. VAT €20.70), OR. to include Transformet for

Input 230V A C. Fully Isolated. Aprox. 15KV. Bullt-in 10 sec. Timer. Eas/
modified for 20 sec 30 sec. to continuous operation Size
155x85xS0mm._ Price £3 + 75p PAP [Totslinc VAT £6.61). NMS
240V A.C. SOLENOID VALVE
Designed for Aw/Gas at 07 Water 05 psi inlet/outiet %~ Forged brass
body. Manuf. Dewraswitch Asco
Price £550 « €1.00 PRP {£7.4Bnc. VAT) NM.S
METERS (New) QGmm DIAMETER

AC Amp, Type 6272. 0.14
ac Volt. 0 300V, 0- |50V
DC Amp. Type 65C5 0-54, 0-10A, (-S04, 0-100A DC Voit 30V Al lvn.u
€3.60 ea + PAP 750 (£5.00 inc VAT! ancept 0-50A DC, 0-1004 OC
£5.00 + 750 PAP (E6.61 «nc VAT
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES
Aft 40 wett £8.70 inc VAT £10.00 {callers onl
211 20 watts £6 .20 Post £1.25 (€8 57 inc. VAT & P}
(For use in standard bi pin firtingsh
12in B wart £3.00. - 45p (£3 97 inc. VAT P&P]
9in 6 watt £2.50. - 45p. (€3.39 inc. VAT PSP
6in 4 watt £2.50. + 45p (€3.39 inc. VAT PP} s
Complete baliast unit for sther 6V. 9V or 12V tube 230V AC op. £5.50
Post 55p (£6.96 -nr VAT P&P} Also available for 12V DC £5.50 Pos' 55p
MICROSWITCHES
RELAYS

REED SWITCHES

Quiet, smooth running, COOLING
SOLENOQIOS

or EXTRACTOR FAN Size 4% x
4% x 1%, supplied for 240 volt
AC operation £4.75 + £1 00 P&P
(£6.62 incl. VAT)

~

(£6.96 inc VAT P

BLACK LIGHT BULBS

Setf ballstied Mercury U.V. 175W Butbs Avanatile for edhar B 3 AC GEARED MOTORS
11ing. Price inci, p&p & VAT £11.75,

400W UV LAMP AND BALUAST compiete £38.00 Post £1.50 (£47.73 DC MOTORS

VAT & PL 400W UV LAMP oniy £14.00 Post [2 00 (£18.40 AT AP

PROGRAMME TIMERS
Phane in your enquiries

FROM STOCK AT PRICES
THAT DEFY COMPETITION!

230/240V AC £26 45 inc) VAT,

BLOWER/VACUUM PUMP

3phase A T motor 220/250V of 380,440V 1.425 rpm. 18 h.p, cont. Direct
coupled tc William Aliday Alcosa carbon vane blower/vacuum pump.
0.9¢tm8hg £22 + €4 P&P ttotal inc! VAT £29.90}

INSULATION TESTERS NEW

C.F. BLOWERS 500 VOLTS 500 megohms €49.00 P&P £200 (£58.65 inc. VAT & P)
AC CAPACITORS I‘::oli.\:&l.rs 10000 I-SS.OO P&P £2.00 (£65 55 inc VAT & Pl. SAE
ELT:gO?TEUKIg SANGAMO WESTON TIME s;mrcu
B Type S251 200/250 AC 2 on/2 of -vt'v Agn;‘;.:'&;\é‘u;g\ co
NTA T R w'hove::dotwld Diameter 4 ] otice £
g(Y)NCHEO(r)‘JOSUS 'Alsg unnal:le Sangsmo Wesxon 60 amp and AEG ao amp. Phone
¢ detail
SRS A L L

Type S383. As sbove, plus 36 hours spnn

reserve Less perspax
cover. Price. £13 - £1 P&P (£18.10 incl. VA MS

fose o-conc )
VA

L

——m

EN

Ample parking space
Showroom open
Monday-Friday

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB, 01-995 1560
ACCOUNT CUSTOMERS MIN. ORDER £10

$.  New Manutecturen’ Surpius.
R&T Reconditioned and Tested.

Personal callers only Open Saturdays
9 Little Newport Street
London WC2H 7JJ

Tel: 01-437 0576

LOGIC TUTOR

In stock now — all parts as specified by
the authors for this new series, starting
in ‘PE’ this month.

We can supply individual parts (SAE for
list of prices), complete kits, or just

the PCB.
£26.95

COMPLETE SET OF PARTS,
£4.95

INC PCB.
PCB ONLY
FREE!! To the first 100 orders for

completekitsreceived, panel containing
20 assorted TTL IC's

Official orders from Schools etc welcome.
All prices include VAT & Postage.
Our new component catalogue is due out soon,

Electronics
| World Tel: (0722 21262)

1c Dews Road, Salisbury, Wilts. SP2 7SN
PLEASE ALLOW 7 DAYS FOR DELIVERY

MONITORS

IT'S A BETTER BUY THAN MOST AT
LESS THAN £4 PER MHZ.

THE PRICE IS AS CRISP AS THE IMAGE.

ORDER TODAY -WE'LL SHIP RIGHT AWAY.
Allmajor Credit Cards accepted.

Phone for details of cased and open
fram@ monitors.

CROFTON ELECTRONICS LTD.

35 GROSVENOR ROAD. TWICKENHAM, MIDDX 01-891 1923/1513 Telex 295093
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CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

3

owmm LEARNING GSC

§
| GSC SUPERKIT
'
| suemir | ST
: Learn the wonders of
1 Seoft-Istruction digital electronics!

Digital Elactremic it

This practical kit for
beginners comes complete
with an instruction
manual, components, and
EXP300 breadboard to teach you all the basics of
digital electronics. The course needs no soldering
iron; the only extra you need to buy is a 43V
battery.

o tattrug
» Satt st bor gy

4

Using the same board you can construct literally
millions of different circuits.

The course teaches boolean logic, gating, R-S and
J-K flipflops, shift registers, ripple counters, and
half-adders.

1t is supported by our theory courses

DIGITAL COMPUTER LOGIC
£7.00

which covers: basic computer logic; logical circuit
elements; the design of circuits to carry out
logical functions; flipflops and registers; and

DIGITAL COMPUTER
DESIGN £9.50

Our latest, most up-to-date course on the design of
digital computers, both from their individual logic
elements and from integrated circuits. You are
first shown the way in which simple logic circuits
operate and then, through a series of exercises,
arrive at a design for a working machine.

Other courses available include:

MICROPROCESSORS & MICROELECTRONICS @ £6.50
COMPUTER PROGRAMMING [N BASIC @ £11.50

GUARANTEE No risk to you. If you are not completely
satisfied, your money will be refunded upon return of
the item in good condition within 28 days of recelpt.

CAMBRIDGE LEARNING LIMITED, UNIT 21 RIVERMILL SITE,
FREEPOST. ST [VES. CAMBS, PE17 4BR, ENGLAND.
TELEPHONE: ST IVES (0480) 67446. VAT No 313026022

All prices include worldwide postage (airmail is extra
please ask for prepayment invoice). Giro A/c No 2789159.
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Please allow 28 days for delivery in UK.

L T P Y P L LY L - s ol

f g SUPERKIT(S) e £19.90
...... DIGITAL COMPUTER DESIGN(S) e £9.50
| ......DIGITAL COMPUTER LOGIC @ £7.00

| enclose a *cheque/PO payable to Cambridge Learning Ltd
for £ (*delete where applicable

Please charge my

*Access American Express Barclaycard / Diners Club
Eurocard Visa / Mastercharge Trustcard

Expiry Date. f Credit Card No
Signature. . bl o S B 28 3 10 b E S

|
|
' |
' |
' |
' |
' |
I Telephone orders from card holders accepted on 0480 67446 I
I Overseas customers (including Eire] should send a bank draft
in sterling drawn on a London bank. or quote credit card I
| number. I
I Name. e B T Ie 8ty 1 @ Y Rona A T o AP o G I
: |
: |
' |
' J

Address, §7F P 7 A v T T IR TR e = omd - = gaay e

St lves, Huntingdon, Cambs. PE17% (BR. Engtand. (Registered
in England No 1328762).

MICROSYNTH

2} Octave Music Synthesizer with two
Oscillators, two Sub-Octs, Switched Rout-
ing and Thumbwheel. A comprehensive,
instrument offering the full range
of Synth. Music & effects,

FULL KIT £137 Also available in 3 parts.

PERCUSSION
MICROSYNTH

Two Channel touch Sensitive unit pius {Published in P.E.

variable angle LF.O. phaser, internal
BAND-BOX &:&ivemo

and external triggering

{Published THREE PIECE BACKING BAND
inP.E) Generates the sounds of three
Instrumentalists to back Soloists

DRUMS + BASS + KEYBOARDS
Over 3,000 chord changes (60 scores) on 132 different

/72 NOT PIANOS FULL KIT £235 EXTENSION 52
SPECIALISTS SINCE 1972 (Pubished InP.E)

Using Palented electronic technique to give ad-
vanced sigrulation of Piano Key Inertia.

JCOMPONENT KITS
including Keyboard
88 NOTE

72 NOTE £234
The above may also be
purchased in four parts.

DOMESTIC KITS
inc. Cabinet, PA., & Spkr. MASTER RHYTHM

BNO e PROGRAMMABLE DRUMS

Twenty-Four Rhythm programmable
,STAG.E MODEL Drumtxﬂachine wiﬁw twelve igsxrumems
inc. Cabinet & Stand Ejghy sections are extended to 24/32
72 NOTE §383 1 easures for two bar programming. Se-
ALL PRICES INC. VAT. CARR. & TELEPHONE AOVICE quence operation and instrument tone
SAE. tor full Specs & MANF. PRICES. VISA-ACCESS sdjust.
Competitive quotations can be given for export. COMPLETE KIT £79
Ploase allow 3-14 days for normal despatch STRING ENSEMBLE £198.50

CLEF PRODUCTS (ELECTRONICS) LIMITED ASLISAaslul ol £98,00

{Dept PE) SQUARE FRONT KEYBOARDS
44A BRAMHALL LANE SOUTH BRAMHALL ;’8 :“OF geg ‘;9 xg;g gg
STOCKPORT CHESHIRE SK7 1AH 3 NOTE £5 0
TEL 061 439 3297 KEYSWITCH ITEMS ALSO AVAILABLE

FREE CATALOGUE! E

OUR GREAT NEW ILLUSTRATED CATALOGUE IS

'PACKED WITH INFORMATION ON SUPERB QUALITY,
PROFESSIONAL BURGLAR ALARM EQUIPMENT

8 AT UNBEATABLE PRICES! mom
SEND SAE OR PHONE NOW FOR YOUR COPY S.EDP.TELPEETRQMCS

217 WARBECK MOOR
@ THIEFCHECK BURGLAR & MAIN AINTREE LIVERPOOL
. FCHECK  DISTRIBUTOR

ALARM 0-1-Y SYSTEM L9 0HU/051 523 8440

PARNDON ELECTRONICS LTD.
Dept. 21, 44 Paddock Mead, Harlow, Essex CM18 7RR Tel: 0279 32700

RESISTORS: } Wat Carbon Film E24 range + 5% tolerance.
Bandollered and colour coded. Full Range 1R0-10M £1.00 per hundred mixed
(Min 10 per value), £8.50 per thousand mixed (Min 50 per value).

Special stock pack 60 values, 10 of each £5.50

RECTIFIERS |34 Digit LCD Disglay: 1 colon, 3 decimal points,
1A 3A | plus/minus sign and lo bat indicator. Complete with low

o0y 3p Mp | power 7106 display driver.
'2?,?,3 ;" :2" Driver set at £8.95
400V 6: 19: Display £3.50 each Driver £6.50 each
600V 8p 20 :
1000V op 255 DIODES: IN4148 £1.60 per hundred.
DIL 8 pin - 10p. 14 pin - Hp. 16 pin - 12p. 18 pin - 19p. 20 pin - 21p.

SOCKETS 22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p.

Full List Available — Send SAE

ALL PRICES INCLUDE V,A.T. & POST & PACKING - NO EXTRAS
MIN ORDER - UK £1.00 OVERSEAS £5 CASH WITH ORDER PLEASE
Same Day Despatch
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“VERNON ./
TRENTLage/

V.T.'s views and apinions are entirely his own and not necessarily those of PE

ET it be known that there’s nothing wrong
with the Church’s eyesight. Hot on the
heels of my plea in an earlier issue of PE for
our spiritual leaders to employ the bountiful
blessings of electronic technology, comes news
of a positive and encouraging response.

A church computer-users’ group, with no
less than 200 ministers of all denominations
on its membership roll, is using computers to
manage parish accounts and, among other
functions, maintain records of its church’s
members. The Rev. Peter Goodlad, minister
of the United Free Church at Seven Kings,
Essex, is even harnessing video games to
teach the old Bible stories. He’s kicked off by
reconstructing the rebuilding of the walls of
Jerusalem by that pioneer of property
development, Nehemiah. Mr. Goodlad is ob-
viously a canny cleric, for he’s fixed it so that
Nehemiah always wins.

The idea is an inspired one. The colourful
and enduring Bible tales lend themselves ad-
mirably to modern technological interpreta-
tion. But where does the good Mr. G. go from
here?

May I suggest he casts a computerised eye
at that notable encounter between David and
Goliath. All kinds of angles could be brought
in: weather, wind velocity, the weight and
trajectory of David’s projectile and so on. All
good stuff.

The opening of the Red Sea would make
another excellent subject. Among the various
considerations here would be the likely effect
of tidal variations and the danger of the odd
bore (the kind they get down on the Severn,
not the type you. so often find getting into
Parliament) turning up and altering the
whole course of Hebrew history.

And what about the feeding of the 5,000?
Leave the compilation of this game to a mixed
bag of statisticians and bright young manage-
ment trainees from Trust House Forte, and
they’d probably be able to show, computer-
wise, they could have met double the catering
requirement with half the materials, but plus
VAT. The same may go for the changing of
water into wine in Canaan.

Mr. Goodlad, you're still on the fringe.

* * *

We kids used to think my gran’s doctor was
about 100 years old. Gran herself used to
reckon that he qualified around the time that
Lord Lister—father of antisepsis—was
sloshing the old carbolic around and turning
major surgery from a likely death sentence
into a sporting chance.

Dr. B. (I never found out his real name)
wore a top hat and frock coat and carried a
Gladstone bag. We firmly believed it con-
tained babies. He was a traditionalist and
even if electrical and electronic devices had
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been available then, he would have scorned
them. Instead he stuck to standard remedies
like purgatives, gaily-coloured tomics (which
did wonders for the mind if nothing for the
body) and evil-tasting expectorants. Ugly
rumour had it that he even bred his own
leeches in the scullery. When he died, a
golden age died with him.

Mum’s doctor was a different draught of
syrup of figs. He was young and therefore, in
the eyes of senior patients, not be trusted. He
was also daft enough to adopt the scientific
approach. Putting on his best bedside face,
he’d first observe, then question and finally
examine. This was foreign to the old hands.
Dr. B. just used to look. He knesw what was
wrong with you. But my mother’s doctor was
a real progressive, He favoured X-rays both
for diagnosis and therapy, infrared radiation
for muscular ailments, ultraviolet for skin
conditions and-—though it was mentioned
only in hushed whispers—electric shock
treatment for mental disorders.

My doctor is a man of compromise. He is
always prepared to prescribe ready-made
medicines—selecting the latest from the
manufacturers’ catalogues like a gourmet
choosing a celebration dinner. At the same
time he’s ever eager, indeed rabid, to call in
such high-tech facilities as body-scanning,
electrocardiography, encephalography, deep
X-ray therapy, electron microscopy, laser
techniques . . . the lot. Indeed, his attach-
ment to these things is such that he didn’t
speak to his wife for a week when she presen-
ted him with a birthday gift of a knitted jum-
per instead of the electronic stethoscope he’d
set his heart on.

Butr whatever their failings and foibles,
these three brothers of the Hippocratic order
were at least tangible. You could com-
municate with them on human terms. They
had a ready supply of sympathy, un-
derstanding and reassurance. And they of-
fered it in the kind of language you could un-
derstand. They were people.

This is why I get a touch of wind round the
heart when I read the forecasts, by those who
profess to know, abouyt the way medicine is
likely to go in the not-so-far-off future.

We all know today’s pattern. You phone
for an appointment, toddle along to the sur-
gery, thumb through a vintage copy of
Woman’s Own or Menswear, enter the
Presence when the buzzer buzzes, pour your
heart out and then leave, bearing a slip of
paper which is your passport to a return to
health and vigour.

All that’s going to change, say the pundits.

True, you'll still have to phone for an ap-
pointment, the date and time being deter-
mined by an electronically-controlled
availability schedule. There will be no jolly

mags to read while you’re waiting (although,
thanks to automated patient-traffic control,
you won’t have to). All you’re going to have
are uplifting works like Nature and New
Scientist. And you can bet your last bar-
biturate they'll be current issues.

The most horrific change will be apparent
when you sit before he who used to assure you
that cremation wasn’t around the corner and
a couple of these three times a day would soon
put you right. There will be no light
preliminary chat about Arsenal’s chances for
the Cup or the price of fish. It will be straight
down to business if your GP is to complete his
quota as laid down by Those Above.

Fingers poised above his terminal
keyboard, he will request you (in clipped
Daleksque tones, I wouldn’t wonder) to recite
your symptons, which will be fed into a com-
puter standing where the examination couch
used to be. A short pause, and an allegedly in-
fallible diagnosis will appear on the read-out
(with increasing sophistication you might get
the treatment as well). Mind you, things
won't always be as straightforward. If the
system’s down you could sit there all night.

Apart from its total lack of soul, this
frightening way of life—or, if the computer
happens to be in a bad mood of
unreliability—death, the system is highly-
prooe to the consequences of human error.
Both on your part and that of the medico.

You may go along to your doctor feeling a
bit under the weather, but perhaps unsure
and not too explicit about the actual
symptoms. Here lurks horror. One inac-
curacy, one slip of the tongue, one ambiguity
might spell the difference between a course of
pep pills and a frontal lobotomy.

On the other hand your GP (who under-
neath is as mortal as you) may have been
celebrating his latest pay rise the night before
and be experiencing inescapable remorse in
the form of the unsteady hand. Terminal but-
tons aren’t all that big. Even total abstainers
have been known to stab the wrong one. You
know what I mean.

There is but one way to avoid this im-
pending Armageddon. It can be expressed in
seven simple words.

Come back Dr. B. We need you.

* * *

A few years back, until the cold wind of
austerity began to blow up the commercial
trouser leg, Mullard, the UK’s biggest elec-
tronic components company, provided a
unique educational service. It offered,
sometimes free, sometimes at nominal cost, a
vast range of aids for the teaching of
el=ctronics in schools, colleges and technical
training centres. Its passing was universally
mourned, though those who never heard the
sed news still write in asking for help.

It was therefore heartening when in 1982
Mullard made a modest return to the
educational field by sponsoring—jointly with
PE’s sister-journal Everyday Electronics—a
Schools Electronic Design Award Competi-
tion (SEDAC). It was a huge success and was
repeated this year. The standard of entries—
and the level of knowledge and innovation
displayed—surpassed even that of 1982. In
fact two of the judging panel, Andy Beer and
Terry Giles, both top Mullard IC men, are
said to be fearing for the future of their jobs!
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USINIG THE INTERSIL 7129 CHIP
BRIAN CURRIE

HE Intersil ICL7129 is a full specification, 41 digit A to

D converter, that drives directly a three way multiplexed
liquid crystal display. Drawing only 1TmA from a 9 volt bat-
tery, it requires only a voltage reference and a handful of
passive components to make a complete working DVM. To
achieve this, the device uses successive integration, an
elegant extension of the proven dual slope conversion
technique.

DUAL SLOPE CONVERSION
Fig. 2 shows a successive integration waveform. To un-
derstand this it is first necessary to appreciate how a normal
dual slope converter works. The simplest form consists only
of an integrator, into which either the unknown input voltage
or a known reference voltage can be switched, a com-
parator, a continuously running counter, and some simple
logic. Starting with the integrator output at zero, the un-
known signal is applied to the integrator for a fixed number
of clock periods (determined by the counter). The integrator
output will ramp away from zero at a rate directly propor-
tional to the input voltage, and at the end of the integrate
period will have reached a voltage directly proportional to
the input voltage and the integration period, but inversely
proportional to the integrator R-C time constant. Next, the
reference voltage {(which must be of opposite polarity to the
unknown) is applied, causing the integrator to ramp linearly
back towards zero. The time taken to reach zero will be
directly proportional to the starting voltage, but inversely
proportional to the reference voltage and the R-C time cons-
“tant. The point at which the ramp returns to zero is detected
by the comparator, and the logic registers the number of
counts (i.e. the time) taken. It should by now be clear that
this is proportional to the ratio of unknown and reference
voltages, and is independent of the R-C time constant and of
~ the frequency at which the counter is clocked. This digital

~ count is the required output.

'SUCCESSIVE INTEGRATION

_.u‘iv e integrate and DE1 phases shown in Fig. 2 are
~therefore the classical dual slope waveform. In practice,
' , it is necessary in all dual slope converters to detect
ro crossing synchronously with the clock, to overcome
; of clock noise on the integrator output. Zero
*htreforu not actutﬂy detected until the next
aft urs, and by this time the
hy an amount proportional

L7129 cunningly uses this fact
he DE1 phase gives a digital result
Cfdﬁ them the nstl 1(1W”h

(,. ay

AR

¥ _the input value exceeds

SPECIFICATION )

Input Impedance >100M

Full Scale Reading 199-99mV

Accuracy 0-01% of reading +1 digit.
Power Supply 6-14 Vdc

Power Supply Current 2mA max.

Sample Rate

Over Range Warning

Temperature Range 0-35°C

Temperature Stability 50ppm/°C typical

Digit Height 10mm

Low Battery Warning 6-3 to 7-7 volts

Continuity Detector 100 to 400mvV
threshold

Overall Dimensions

Panel Cut Out

1.6 reading per sec.
M.S.B.=1 other digits blank

72 x 36 x 27mm
68 x 33mm J

voltage is multiplied by —10, and de-integrated a second
time. Now the accuracy has Increased to 4} digits. The
residual is once again multiplied and de-integrated to yield a
final resolution of 563 digits.

To make a complete conversion, the ICL7 129 repeats this
cycle twice—once using the unknown input voltage and
once with zero input. The difference of these results then
gives a final result free of any zero errors, so the offset
voltages of amplifiers and comparators on the chip don’t
matter. Because the internal resolution is ten times the dis-
played resolution, auto zeroing is good to one tenth of a dis-
played increment. A further refinement is that, by increasing
the integrate period by a factor of ten, the chip can switch
from 2 volts full scale to 200mV full scale {corresponding to
10 microvolts resolution) with no other circuit changes. A
digital range input controls this facility.

Another novel feature of the ICL7129 is its direct drive to
3 three way multiplexed LCD. Multiplexing is necessary to
keep a reasonable pin count. Because of the unusual drive
waveforms, it is difficult to use external drivers for extra
annunciators and decimal points. The ICL7129 therefore
provides on chip decimal point drivers for four decimal
points and two annunciators. The continuity annunciator in-
dicates when the input voltage falls below approximately
0-6 volts and is useful for quick continuity checking, while
the low battery annunciator warns that the battery voltage
has fallen to approximately 7-2 volts. Continuity can be
user disabled. Finally, an mnuym-ater d Ql |..|,
provided which is guaranteed to turn
connected to it regardless of i bac
commonly be used for raMetiF (;t

T analogue Def‘t of th ]
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Fig. 1. Circuit of Panel Meter. The pin-out of IC1 is shown

top right

ratiometric resistance measurement and simplicity of use
with bridge connected sensors or transducers. Input noise
voltage is only 7 microvolts peak to peak, giving steady dis-
plays even at 10 microvolts resolution, while input bias
current is 10 picoamps maximum at 25°C. On the digital
side, control inputs include range change and run/hcld con-
trol. Digital output signals indicate continuity, over-range,
and under-range li.e. less than 5% of full scale), allowing
easy integration into autoranging DVMs,

Because of its combination of facilities, the ICL7129 is
therefore equally at home as a stand alone DVM chip or as
the heart of a sophisticated, auto ranging multimeter.

CIRCUIT

The ICL7 129 has the unique feature of a range input. This
is a digital input which if left unconnected, or held to DGND,
will give a 200mV full scale meter. By taking the input high
(to V+) the time for which the capacitor is charged will be
reduced by a factor of 10 and thus give a 2V fuli scaie meter.

Referring to Fig. 1, C3 is the integrator capacitor and R5
the integrator resistor. It should be noted that C3 is
polypropylene as it must have a very low dielectric loss in or-
der not to give the meter poor linearity. C4 is used to hold
the reference voltage during the de-integrate phase of the
converter cycle.

IC1 is a bandgap voltage reference which has a low tem-
perature coefficient. The voitage is divided by R2-3 to form
the required 1V reference voltage. The equation for a reading
is given as:

200mV f.s.d. Reading=10° V, /V

Reading=10* VvV, V

ref

2V fs.d.

ref
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-"- LINK{EASILY CUT FOR ALTERNATIVE DESIGN OPTIONS)

 OPTIONAL INPUT SCALING COMPONENTS

)

( COMPONENTS
Resistors

R1 10k 5%

R2 10k 1%

R3 100k 1%

R4 ™ 5%

RS 56k 5%

R6 82k 5%
Ali §W metal film
Potentiometers

VR1 20k multiturn
Capacitors

Cc1 10u elect 16V

Cc2 100n polycarbonate 63V

Cc3 220n polypropylene 160V

Cc4 1-5p tantalum 35V

C5 47p polystyrene

Cc6 1-5u tantalum 35V
Integrated Circuits

1IC1 ICL 80639 DCA

1IC2 ICL 7129 CPL

IC3 Lucid LUt 1179/121F

(4+ digit triptex)

Miscellaneous
PCB—Display edge connector (2 off), plug—{2 off)
socket—(2 off), bezel, bezel mounting clips—{2 off),
bezel mounting screws—(6 off)

A kit of parts is available from Lascar Electronics Ltd.,
Module House, Whiteparish, Salisbury, Wilts, SPS5
2SJ. (Tel. 07948 567) at a price of £29.95 including p&p
and VAT,
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Fig. 2. Integrator waveform for negative input voltage
showing successive integration phases and residue voltages

Ra and Rb are optional extra resistors which can form a
potential divider if greater than 2V f.s.d.s are required.

Rb should be added on its own if the instrument is re-
quired to measure current.

Required | Range input Ra | Rb
F.S.D.
— NN N — — .

2v | HI — —_—
20V Hi aM1* 1M
200V HI 10M* 100k
2kV HI 10M* 10k
200puA LO (o/c) - 1k
2mA LO (o/c) —— 100R
20mA LO (o/c) — 10R
200mA LO (o/c) {7 == 1R

®Ensure PCB link across Ra is cut

R4 and C2 form an input smoothing filter and R6 and C5
form the oscillator time constant. The oscillator runs at
about 100kHz.

ANALOGUE INPUTS

IN HI, IN LO, REF Hl and REF LO (pins 13, 12, 14, 15) are
true differentijal inputs. That is to say that they respond to
the voltage across them and not their voltage with respect to
the power supply. There is a limit to this however, known as
the common mode range. Any input can be no greater than
(V+) —0-5V and no less than (V—) +1.5V. It is recommen-
ded, however, that for best performance the inputs are kept
well within the common mode range. The ideal situation is
to connect both IN LO and REF LO to COM (pin 10). Com-
mon is actively held at approximately 3-2V below V+. The
COM pin can sink up to 2mA but can only source 20pA.

By far the biggest problem encountered by users is failing
to appreciate the limitation imposed by the common mode
range. A typical example is a user connecting IN LO to V—.
Doing that will give very odd results!

DIGITAL SECTION

Digital ground (DGND) is held at between 4-5 and 6 volts
below V+. This is the supply voltage for the digital section
including the display drivers. If CMOS logic is used to
provide or decode DPM6&O digital signals, then it can be
powered from V+ and DGND up to a maximum of 1mA. For
greater power it will need to be buffered.

DISPLAY FORMAT

The ICL7129 is designed to drive a triplexed liquid crystal
display. This type of display has three backplanes and is
driven in a multiplexed format. The actual display is shown in
Fig. 3. Notice that the polarity sign, decimal points, low bat-
tery and continuity annunciators are directly driven by the i.c.
The individual segments and annunciators are addressed in a
manner similar to row-column addressing. Each backplane
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(row) is connected to one-third of the total number of seg-
ments. BP1 has all F, A and B segments of the four least
significant digits. BP2 has all the C, E and G segments. BP3
has all D segments, decimal points and annunciators. The
segment lines (columns) are connected in groups of three,
bringing all segments of the display out on just 12 lines.

MODULE FEATURES

The ICL7129 has a large number of features which make
it very useful in such applications as auto-ranging digital
multimeters. Note that ‘Hi" means V+(6) and ‘Lo’ means
DGND(16). Four of the pins are input/outputs featuring
‘weak’ outputs. Referring to Fig. 4, the output is connected
to the input internally via a resistor. Thus to use it as an in-
put, the ‘output’ is easily and safely overridden. In order to
obtain the output data, the pin must be connected to a high
impedance input.

(— — LOW BATTERY/CONTINUITY

.r. j», D

W W W
;?W ITITIT

l

v %{ /|
F4,E4,0P4
44,64,04

|
B4,C4,BCS—— J ' l

BACKPLANE
CONNECTIONS

—eBP3

CONTINUITY
C "%
bl

B1,C1,CONTINUITY
A1,61,01
F1,E1,0P1

'?
I

=

F3e3oPp3 — | o B82,02,LOW BATT
A3 6303 —— A2.62,02
B3,3 MINUS = F2,E2,0P2

Fig. 3. Triplexed liquid crystal display layout for ICL7129

CONTINUITY (11)

If the converter input voltage drops below a nominal
230mvV, then the continuity annunciator will be shown and
the output will be high. This feature is very useful because it
is much faster than the converter and can give an instant
continuity signal in meters requiring this feature. The output
can be used to trigger an audible continuity alarm, To disable
the continuity indicator, pin 11 should be held Lo.
LATCH/HOLD (4)

Input: When floating, the converter operates in the free-run
{(normal) mode. When pulled Hi, the last displayed reading is
held. When held Lo, the result of the counter contents are
shown incrementing during the de-integrate phase of the
cycle.

Output: A negative pulse occurs when the data in the display
latches is updated. It can be used as a convertor status
signal.

DP4/OVER RANGE (1)

Input: When pulled Hi the left-hand decimal point will be
shown. If DP4 is not to be used, connect it Lo.

Output: The output will go Hi if the result exceeds +19999.
This can be used to initiate an autoranging facility.

Note: If DP4 is to be shown and the O/R signal is to be sen-
sed at the same time, then Pin (1) should be used as an input
under normal conditions except during latch/hold output
when the O/R flag should be sensed.
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Fig. 11. If a zero display is
required when the applied
input is not zero volts the
offset voltage should be
connected between IN LO
and COM, while the input
voltage is connected be-

edge connector for extra anchorage. The fitting of the

INPUT

tween COM and IN HI
VOLTAGE

edge connector is shown in Fig. 8. The lower edge of

Lo | the display is identified by the fact that it has metallised
1 hoer glass connectors. The upper edge has no connection.
2Reee - Carefully place the LCD on the board over IC2. Ensure
1¥aer Lo that it is level and in contact with 1C2 but not pressed hard
o against it then solder in place.

10 The board is now complete but before applying power, en-

OFFSET{
YOLTAGE 12

JIN Lo
) -

\C\J\J

coM

LE DPM 60

D . input (e.g.
10000.

sure that all solder connections have been made and that all
component leads are cropped close to the board.

To calibrate wire up the two sockets to give the module
connections shown in Fig. 9. Apply a known voltage to the
100mV) and adjust R3 to give a reading of

MON 02 for UK101 computer wanted. Good
price, as new. Hans-Petter Naas, 2450 Rena,
Norway.

KAY 6 string guitar built-in effects. Include fuzz,
echo, tremolo etc. £150 unwanted present. Neil
Taylor, 4 Bereckeley Close, Hyde, Cheshire. Tel:
368 2168.

UK101 8K, Cegmion, cased, 300/600 Baud, lots
of software and information £90 o.n.o. D. Callen-
der, 17 Badger Way, 8anbury, Oxon 0X16 9UD.
Tel: Banbury 53475.

DYNAMCO manual etc. needed for "scope units
7103 (sweep), 7130 (display), 7118 (input).
Borrow or buy. K. J. Preston, 10 Stream Farm
Close, Lower Bourne, Farnham, Surrey GU10
3PD. Tel: Farnham 725764,

WANTED Mullard f.m. tuner module LP 1186
in good working condition. Mr. L.J. Channing, 8
Brymore Close, Bridgwater, Somerset TAS 7PL.
TANNEX bare board brand new with circuit
diagram £15.00. P. Martin, 17 High St., Wyke
Regis, Weymouth DT4 9NZ. Tel: 03057 71917.
OVER fifty electronic mags. including many PE
and EE good condition £5.00. Buyer collects.
Paul Williams, 31 Gainsborough Rd, Warrington,
Cheshire WA4 6DA. Phone: 0925/36018.
MARCONI TF1389 nanosecond pulse
generator, repetition: 35-350pps and external
drive, variable output voltage, amplitude, offers.
Nick Powell, 66 Lock St., Abercynon, Mountain
Ash, Mid Glam.

SOLDERING iron Weller t.c.p. 24V 45W with
bench stand £11. Unused present, needs
transformer. Oxford (0865) 779855. Tel: Oxford
(0865) 779855.

BELLS 24V 6inch ideal for burglar or fire alarms
brand new only 10 available £3 each. Mr. D.
Harries, 12 Penk Rise, Tettenhall Wood,

Wolverhampton, Staffs. Tel: (0902) 780958.
KSR teletype with paper tape punch and reader
working order with manual £65 o.n.o. Dave
Davis, 13 Maple Rd, Surbiton, Surrey KT6 4AA.
Tel: 01-399 5487.

WANTED manual and circuit diagram for
Heath-Kit Laboratory Oscilloscope Model
10 12 U to copy. Good price paid. W.H. Davis,
Gate House, Little Barford, St. Neots, Cambs.
PE19 4YB. Tel: (0480) 72480.

COMMODORE PR100 Programmable £12.
Casic FX31 £8. Holdway, No. 20 Studland
Close, Millbrook, Southampton, Hants.
ELECTRONICS nut. Clearing out bedroom. All
new, bargain packs value approx. £80 only £10,
p.o., cheque. Mr. Driver, 27 Haverhill Rd, Steeple
Bumpstead, Haverhill, Suffolk CB9 7DN.

2X81, leads, manual, 16K, printer, /O port and
software all hardly used £ 100 o.n.o. Paul Harris,
Yew Tree Farm, Pencroesoped, Llanover, Nr
Abergavenny, Gwent NP7 9EW. Tel: Nantyderry
880213.

( From the world’s largest manufacturer

of scientific instruments

in the T90, T100 and T110 models.

Battery life is exceptional

£43.45 (+VAT).

— e c—

1 want to go_dlgltal!

I enclose a cheque/PO. payable to:
Beckman Instruments Ltd for

Name

|
|
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38

The T100 is a full range function meter with 0.5% accuracy at £49.00 (+VAT),
while the T110 offers even greater accuracy of 0.25% plusan__g&
audible continuity indicator at £59.00 (+VAT). =S

BECKMAN

World leaders in multimeters
Beckman Instruments Ltd, Electronic Components UK Sales and Markeung Orgamsatlon
Mylen House. 1 Wagon Lane, Sheldon, Birmingham B26 3DU. Tel: 021-742 7921 Telex: 336659

——e—— ———— ev— —— E— E— E— s S E— E— E—— E— E— —— e

T100 meters at £57.00 (inc. VAT, p&p)

g

Beckman instruments are used worldwide in medicine and science, in industry
and environmental technology, where precision and reliability are vital
World's widest range of hand-held multimeters

This same perfection in design and manufacture goes into Beckman digital
multimeters, themselves widely used in testing, measurement, research and
engineering because of their accuracy and their intelligent features.

Now the electronics enthusiast has access to the same standard of reliability

Digital performance at analogue cost

All models undergo 100% factory testing. Their accuracy is guaranteed to be
heid over a long period and reliability is outstanding, thanks to fewer
components and interconnections. All components are of the highest quality and
include a CMOS integrated circuit and gold inlaid switch contacts.

The digital display can be read at a glance, and all functions are selected with
a single rotary switch, rather than with confusing rows of push buttons.
- 200 hours at continuous operation.
The T90 gives an accuracy-of 0.8% Vac and is remarkable value for money at

Please send me:

Address

T90 meters at £50.60 (inc. VAT, p&p) _

T110 meters at £68.50 (inc. VAT, p&p)
Please send me full data on the Beckman enthusiast’s
multimeter range. (Tick box if required)

1

— e = -

Please allow 14 days for delivery.
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DP3/UNDER RANGE (3)

Input: When pulled Hi the next most left decimal point will
be shown. If DP3 is not to be used, connect it Lo.

Output: The output will go Hi if the result is less than
+1000.

Note: If DP3 is to be shown and the U/R signal is to be sen-
sed at the same time, then Pin {3) should be gated with
Jatch/hold as described above.

DP2(18), DP1{19)

These pins have an internal 3pA pull down and need not be
connected if the decimal points are not to be shown. To
show the point, connect Hi.

RANGE (17)

This pin has an internal 3pA pull down and need not be con-
nected for a 200mV full scale. For 2V full scale connect Hi.
LOW BATTERY (NO PIN)

If the power supply voltage between V+ and V— is less than
7-3V {nominal) then the low battery annunciator will be
shown. The feature cannot be overridden.

CONSTRUCTION

The p.c.b. supplied is of the double-sided plated through
hole type and if a mistake is made in soldering the compo-
rients in (especially the ICL7129 or the LCD), it can be very

T

DPM 60/2/8

Fig. 5. Topside etching detail
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Fig. 6. Underside detail
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.

¥ UNDER -BOARD COMPONENTS

Fig. 7. Track and component layout
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Fig. 4. "'Weak' output

difficult to rectify the fault. Avoid using excessive solder and
hold the iron on the component for no jonger than is
necessary. The ICL7129 is a MOS device and although its
inputs are protected, antistatic precautions should be taken.
The order in which the components are soldered onto the
board is important, so do follow the instructions.

All components except C3, VR1 and the plug are inserted
on the top of the board. The top is the side marked
DPM60/2/B. Because the LCD has to straddie the compo-
nents on the board, they should be mounted as close as
possible to it. Aithough the board is solder-masked, ensure
no solder bridges are allowed to occur.

KB CONNECTOR FITTING METHOO

"4

~ A -
—)/ 2 -
\30° z -

Fig. 8. Display edge connector fitting

1. Assemble all the resistors {except VR1) onto the
board and solder in place.

2. Bend and cut the leads of C3 to size, ensuring that
when fitted underneath the board, the leads will not
protrude more than O-5mm above the top. Solder C3 in
and the other capacitors. Ensure that C1, 4 and 6 are
fitted with the correct polarity and that C2, 4 and 6 are
fitted flat to the board (see Fig. 7).

3. Fit IC1 ensuring that the correct lead is removed
(see Fig. 1). Fit close to the board ensuring correct
polarity and solder.

4. Next fit IC2. Ensure that all the leads are correctly
spaced and it is correctly orientated before soldering
close to the board.

5. Now fit VR 1 from underneath the board and solder in
place from top of the board.

6. Repeat 5 for the two-part plug, PL1.

7. If you intend to use the DPM®60 inside the case then
only fit the lower edge connector to the display. For
general purpose panel meter applications fit the upper

T

3 U (i v+
REF+ i
X l)——‘ner "l
fier VREF LE DPM 60
7 |
—y3¢F Vg ifrer Lo
15 \/
pdl 1 EF LO RANGE
) = L I\ L} N M
INPUT 28 1o ViN - 200
VOLTAGE ~ 1] LEOPM 60 -1 o
£omM 1% con
J v— (T4 v
[ (FE3n) L

Fig. 10. Basic arrangement
for measuring the ratio of
two voltages. The display
equals 10° V, /V,,. Max-
imum input voltage is +2V
with a 9V supply

(€6i31s)

Fig. 9. Module connections
for measuring a floating
voltage source with
200mV full scale
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OVERVOLTAGE PROTECTOR (MC 3423)

OST semiconductor circuitry is very
I\/I sensitive to excessively high supply
voltages. A supply voltage below the rated
minimum can cause¢ incorrect functioning of
the circuit, but voltages above the rated max-
imum, whether continuous or transient in
nature, will often result in both malfunction
and permanent damage. Such an ‘overvoltage’
condition is usually caused by either a short
circuit between one supply rail and another of
higher voltage, or by the failure of a voitage
regulator, which could then pass high level un-
regulated voltages directly to the rest of the
circuitry. The problem is made especially
serious when the main circuit components are
particularly expensive. This can cause dif-
ficulties for many designers, who as a result
may be unwilling to use a power supply of
their own design with complex or costly cir-
cuitry.

The MC 3423 is an 8 pin i.c. which can give
a considerable measure of protection against
overvoltage conditions. It monitors the voltage
of the power supply continuously, and as soon
as the voltage rises above a predetermined
level it trips, turning on an external thyristor
and causing the supply to current limit, shut
down, or blow a fuse, as appropriate. This
arrangement of shorting out the power supply
is often called crowbar protection. Naturally,
it assumes that the supply itself is capable of
withstanding such a short circuit.

The pinout and specifications of the device
are shown in Fig. 1, and the basic protection
circuit is shown in Fig. 2. Note that D1, Ci,
and R4 are only needed if the positive supply
is greater than 36V; they ensure that the
positive supply to the i.c. is kept well below its
maximum, while still allowing voltages of up
to 45V to be used for the main supply. Nor-
mally, D1, C1 and R4 are omitted, and pin 1
connects directly to the positive supply. If
these components are being used, R4 should
be arranged to allow 25maA to flow through it:

R4 (in kilohms) = _(positive suzpsply voltage) 10
Pins 2 and 3 are the sense pins, with the poten-
tial divider formed by R1 and R2 determining
the proportion of the power supply voltage fed
to them. This sense voltage is compared with a
fixed internal voltage reference of nominally
2.6V. The result of the comparison is used to
determine whether or not to fire the thyristor.
Hence, the voltage at which the MC 3423
trips is given by:
Trip voltage = 2-6 (-R! ;282

For best results, R2 should be kept below 10k.
Note that both pin 2 and pin 3 must have
reached 2-6V before the thyristor is turned on.
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DRIVING THE THYRISTOR

Pin 8 of the i.c. is the output for driving the
external thyristor. R3 should be provided to
limit the drive current from the i.c.; Fig. 4
shows the minimum value to use, and nor-
mally it is wise to stick with the smallest value
permissible to ensure fastest turn on of the
thyristor. (For supplies in excess of 36V, make
R3 a short circuit.) With a low value of R3 the

o OUTPUT TO
+ve suppLy 1] 81 vuvmistor
sense [ ] MS Flov
INPUTS |, e TRIP INDICATION
E E QuUTPULT
cunaeRl [E [T) REMOTE INPUT
Fig. 1. Overvoltage protector in-

tegrated circuit pin-out with its
specification below

|

_ Cheractaristic | Notes Minimom | Typically | Maximum | Units
Supply voltage All specs measured 4.5 36
at +§V_sup_ply_ ) — — =
[ Monitored voltage | Supply to pin 1 <36V _ 45 [ v
Temperaturerange | 0 10 [ ec |
i ﬂu|ex.cent current | o 5 —— mA |
[ Sense mput voltage Both sense input 1 and 2. j_ | | 6-8 v
Remoteinputvoltage | | | ] 1.0 |V
" Output current |_Pin 8 (to thyristor) 300 mA_ |
Output voltage [ Pin 8 | Sy vV ]
| Internal referance voltage Vit | 26 | A |
Temp variation of vmﬂﬂ; S - - 008 | w°C
[ Current from pin 4 | Constant current source I 7 { uA
Tnp indication current =il == | 18 —| ﬂ,_,
Remota input current - - | 100 HA
- Time delay Minimum time, from 05 Tas |
overvoltage, to driving |
of thyristor ! |
" Output current rise time | o 04 | | Nus
response time of the circuit will be very fast in- +VE DC SUPPLY o
deed: O-5us for the ic., plus approximately 1
fus for the thyristor, and a little for the rise cor
time of the i.c. output current. The total is o
between | -5 and 2us. ém /3
The thyristor itself should be chosen with : s PROTECTED
reference to the power supply voltage and
o o i g 2 SUPPLY
current capabilities: Bear in mind not just the | TO REST
RIP , ;‘ng "l CIRCUITRY
QUTPUT
+VE Doc SUPPLY ? o) éaz S
CSR1 cz*
R R4 RS L ov o= ﬂ
SUPPLY ov
NB:- CIRCU|T SHOWN WITH NO TRIP
. S Uy ARTE WP, Ao
. R3 PROTECTED (Eene7)
o ae Il _T;’S,‘,"E‘Q Fig. 3. Circuit to give delay before
ZENER| N Eaxs o8 tripping
100 CIRCUITRY
— regulated supply, but the unregulated supply
from which it is derived, since this will be
a presented to the circuit if the regulator goes
short circuit. An unregulated d.c. supply may
oV od—d - ) be capable of supplying a short circuit current
S ore ruT of many amps for a few seconds, whereas

{NORMALLY DV}

NB:- FOR +VE SUPPLY & 36V,
R4 = SHORY CIRCUIT
D1 AND €1 ARE
OMITTED

Fig. 2. Basic overvoltage protection
circuit

[€G12¢8]

the regulator may pass only 500mA or |A
typically. The usual arrangement is to provid:
a suitable fuse prior to the regulator i.c. or cir,
cuitry, to reduce the current.carrying require-
ments of the thyristor. The continuous current
rating of the thyristor should in any case be
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Fig. 4. Graph of minimum value of R3
versus positive supply voltage

considerably higher than the fuse rating and
the maximum regulated current. Too low a
current capability can result in the thyristor
breaking down, overheating, or sometimes
even causing false tripping of the overvoltage
protection i.c. Adequate heatsinking, of
course, should be provided. The whole circuit
is reset by turning off the supply for a few
seconds, then turning it back on again.

OTHER FACILITIES

Pin 6 provides a trip indication output. This
is an open collector output from a transistor,
so it needs a load resistor (RS in Fig. 2) taken
up to a positive supply rail to give an output
voltage swing. The transistor turns on inside
the i.c. (i.e. pin 6 is switched to OV) when the
i.c. detects an overvoltage condition, and turns
off again when the thyristor shorts out the
supply rail. Hence, under most circumstances,
this output is only a pulse of approximately
1us which will need suitable extra circuitry to
indicate the condition or act on it. (Note that it
is pointless feeding it into circuitry which is
powered from the same protected supply rail).
Pin 5 is a remote input which can be used to
activate the i.c. and shut down the power sup-
ply. Normally this should be held at OV, but if
raised to above 2V or thereabouts it causes the
i.c. to trip, even if there is no actual over-
voltage condition present.

Pin 4 is a constant current source which
can be used in conjunction with an external
capacitor (C2) to provide a time delay facility;
see Fig. 3 and Fig. 5. In some applications,
short duration spikes or noise on the power
supply could cause the protection system to
operate, yet may not pose any threat of
damage to the particular circuitry used in the
rest of the system. A suitable time delay can
be provided to ensure that the overvoltage
condition must last for a fixed period before
being acted upon. The constant current source
charges up C2 when pin 2 detects an over-
voltage condition. If the voltage on C2 reaches
2.6V, the thyristor is turned on, but if the
overvoltage condition is removed before the
C2 voltage reaches 2-6V, C2 is discharged (at
10 times the charging rate) and the system
carries on as normal.

APPLICATIONS CIRCUIT

Fig. 6 shows the circuit diagram of a 5V
protected regulator, designed to take an un-
regulated d.c. supply, and provide a 5V output
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with overvoltage protection, with a current
capability of up to 1A depending on the heat-
sink provided and the unregulated supply
used. The basic regulator circuit is formed by
IC2, with C3 and C4 providing decoupling
(essential to prevent oscillations) and D2
providing a measure of protection against tem-
porary shorts to negative supply rails. R4 and
D3 (which can be any type of l.e.d.) merely
give an indication that the supply is
operational. R1 and R2 set the trip voltage at
approximately 5-8V. (It is wise to leave a few
hundred millivolts at least above the nominal
regulator voltage to allow for device and com-
ponent tolerances, noise, etc). R3 is set to 47
ohms, not a short circuit as one may have
chosen from Fig. 4, because if IC2 were to go
short circuit a much higher voltage could be
fed to IC1. With R3 equal to 47 ohms, this un-
regulated supply can safely be up to 25V d.c.
(For other supplies, scale this accordingly).
TIME

OELAY
|
10ms 4 =
Ims4—— 4+ — —
N.B.:-AXES ARE
LOGARITHMIC
100us — _‘ —
10us 4+—— S
1us %
100p in 10n 100n 1u
VALUE OF C2
EG1249

Fig. 5. Graph of value of C2 versus time
delay (see Fig. 3)

The thyristor chosen is a 5A type, which in
conjunction with a 1A regulator i.c. and a 1A
fast blow fuse gives more than enough protec-
tion capability. Large, finned heatsinks should
be provided, the largest being for IC2 since
that might have to pass short circuit currents
for quite long periods with high power dissipa-
tion, and silicon grease should be used be-
tween the semiconductor device and the heat-
sink surface. Beware of letting the heatsinks or
their fixing screws short against anything;
IC2’s heatsink is connected to OV via IC2
itself, but TRI’s connects to its anode (the
positive supply rail) so take care. It may be
necessary to open up the Veroboard holes a
little with a fine drill to take the large leads of
TR1; take care not to cut away all the copper
track, and make a good solder joint to these
leads.

The unregulated supply used should be
chosen to suit IC2, i.e. a minimum voltage un-
der load of 8:5V d.c., at 1A or more, but not
too large a voltage or IC2 will dissipate too
much power, and the amount of regulated
supply current available will be small. (The
voltage should, in any case, be kept under 25V
off load). The final circuit can be tested by
shorting IC2’s input to its output, which
should shut down the supply and blow the
fuse, or by connecting a 9V battery across the
5V supply, which will shut down the supply
but probably not blow the fuse. (Connect the
battery only momentarily, or via a A fuse it-
self). Try not to let the circuit stay shut down
for too long as IC2 will get rather hot.
Naturally, all voltages given in this circuit can
be scaled to suit different supply voltages as
required.

The MC 3423 can be obtained from
Watford Electronics.

(FAST
+VE BLOW PROTECTED
UNREGULATED Ommo g L2 3535 2 220 45y suPPLY
DC SUPPLY s
25V MAX o x " - CIRCUITRY
o™ 220 2k2
I -
|%3n ' 03 ¥oa, Ict |,
DISC ca " MC 3423 = AAN—F CSR)
CERAMIC 315;; ) R3 ING44
*
TANTALUM b &7
BEAD Dz]k —
1N400? -
k8
OV SUPPLYO - .
A
() * ON HEATSINK

Fig. 6. Circuit of 5 volt protected regulator (D1 and C1 of Fig. 2 are omitted)
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FREE! READERS’' ADVERTISEMENT SERVICE

BAZAAR

EVERYDAY Electronics, 1977 June to 1982
March complete, any offers? Phone: Evenings
(apart Fri) 883 1249.

'SCOPE Telequip 620 £40, ‘scope tubes D10
160GH £10. 1324M D/Beam boxed for Solar-
tron £20, Creed 78 £15. Tel: 061-427 1932.
MICRO Professor—as new in original packag-
ing £75 o.n.0. UK101 4K uncased £65 o.n.0. J.
Askew, 106 Chiltern Drive, Surbiton. Tel: 01
399 0241

ZX81 +16K with leads, p.s.u., books, tapes,
scramble, asteroids, centipede, £70 o.n.0. ZX81
talkback {(completed) £20. Kevin Holloway. Tel:
Andover (0264) 62438.

TRANSFORMERS: Mains; c.r.t. (2kV), valve
p.s.u.; one unknown heavy duty (poss. audio?).
£20 o.n.0. + p&p sae. Details: Brian Craigie, 126
Oxgangs Rd, Edinburgh, EH10 7AZ, Scotland.
WANTED ACT sirius computer with/without
software. Must be perfect w.o. Collection
arrangeable. Mr. Hausser, 27 Fore Street, Bugle,
nr. St. Austell, Cornwall PL26 BPA. Tel: 0726
850129,

Please publish the following small ad. FREE in the next available
issue. | am not a dealer in electronics or associated equipment. |
have read the rules. | enclose a cut-out valid date corner.

Signature ...

Please read the RULES then write your advertisement here—
one word to each box. Add your name, address and/or phone no.
COUPON VALID FOR POSTING BEFORE 7 OCTOBER 1983

{One month later for overseas readers.)

SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSETBH15 1JG.

RULES Maximum of 16 words plus address and/or phone no
Private advertisers only (trade or business ads. can be placed in our
classified columns). Items related to electronics only. No computer
software. PE cannot accept responsibility for the accuracy of ads. or
for any transaction arising between readers as a result of a free ad.
We reserve the right to refuse advertisements. Each ad. must be
accompanied by a cut-out valid “date corner”. Ads. will not appear
(or be returned) if these rules are broken.

CDC Floppy's two 8-inch drives one, complete
one for spares, both only £200. Tel: Dave O1-
470 0641

WANTED manual for Tektronic 545B 'scope.
Buy, borrow copy. Please state with price. M. K.
Harvie, 59 Pembroke Rd, Erith, Kent DA8 1BY.
MICROSYNTH 4-octave Keyboard built-in
speaker, superb quality case £99. Call Graham,
Leicester (0533) 884123.

UK101 32 x 48 screen 12K BASIC 16K RAM
Motherboard EPROMS + programmer + sound
1/2 MHz, 3/600 B + software £180 o.no. N.
Brooks, 103 Drake Rd, Harrow, Middlesex HA2
9DZ. Tel: 01-868 9524,

SOLARTRON CD1400 scope, double beam,
15MHz. New c.r.t. checked, calibrated £95.
Second, perfect working order £65. Mr. P. R.
DaCosta, Flat 68, Elleray Court, Prospect Road,
Ash Vale, Hants. Tel: Aldershot {0252) 26354,
PE and PW, most issues from 1966, some
bound. Offers. Collect ot pay postage. Mr. M.
Priestley, 120 McDonald Rd. Edinburgh EH7
4NQ.

PRACTICAL Electronics Nov. 1964 to Sept.
1975 plus Practical Wireless May 1966 to Sept.
1975. Offers? C. Clark, 157 Coates Way. Gar-
ston, Watford, Herts. Tel: Garston 739565.
PLOTTER 54 inch x 42 inch Ferranti flatbed.
Four pen. Needs interface. Ex M.0.D. Offers. Also
TRS-80. Mr. P. Wheeler, 56 Fengater Road,
Redhill, Surrey. Tel: Redhill (0737) 635565.
CASIOTONE MT40 electronic musical Instru-
ment, auto rhythm etc: Unwanted gift £80 o.n.o.
inc. postage or collect. M. Horrocks, 385
Hawthorn Crescent, Cosham, Portsmouth, Hants
PO6 2TN. Tel: {0705) 373357.

SOLDERING iron, Weller TCP 24V 4BW and
bench stand. Unused present. Requires power
unit to use £12. Tel: Oxford (0865) 779855.
RADIO controlled car for sale, 2- or 4-wheel
drive; for details tel: 01-504 0565.

TANDY DX302 general coverage + global a.t.u.
mint con. original packing £140 + carriage.
Lafayette HE-40 (valve) £30 + carr. Seon Smyth,
De Porres, 67 East Princess St., Helensburgh,
Strathclyde G84 7DG. Tel: 0436 71181.

]

Name & Address:

BLOCK CAPITALS PLEASE

| For readers who don't want to damage the issue send a photosiat or a copy of the coupon (lit'ed in of course) with a cut-out valid “date corne‘rJ
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MICHAEL TOOLEY sa DAVID WHITFIELD ma M Sc CEng MIEE
O &A Level Part One

WENTY-FIVE YEARS ago the use of digital electronics was almost solely confined to

computers. At that time only about one thousand machines were completed in the
whole year. Since that time, however, the growth of digital electronics has been both
continuous and spectacular. Today, one manufacturer alone can produce more hand
calculators in one hour than the total number of computers then produced worldwide in a
whole year. To underiine the rate of advance which has occurred, some of these new
calculators now have more computational ability than any of those 1958 computers.

This series aims to provide a practical introduction to the subject of digital electronics.
The material that we shall be covering is suitable for students in education, electronics
hobbyists, and newcorners with an interest in digital electronics. All that we assume is that
the reader has some elementary knowledge of basic electricity (a familiarity with voltage,
current and resistance), and an understanding of simple wiring. No mathematical
knowledge is required other than the ability to count up to two! Indeed, the most important
requirements are a curiosity about the way in which things work, and an interest in building
real circuits to solve practical problems.

The- series will appear in eight monthly parts, and is supported by practical work on a
Logic Tutor to simplify the construction and investigation of digital circuits. Each part of the
series will build on the preceeding parts, and the pages will be laid out in a constant format
to allow them to be collected into a complete reference. Regular data sheets will be used to
summarise useful practical information separately to avoid interrupting the flow of
material. The basic approach that we will adopt is to introduce each logic element in terms
of a small number of basic 'building blocks’. It should be possible to explain each new
circuit in terms of these basic elements.

The most important point to make, however, is that this series is all about ‘real’ digital
electronics. The idea is to use logic in practice, and to this end the examples given will in-
volve using real integrated circuits to bridge the gap between theory and practice. It is
otherwise all too easy to overlook the differences between ‘perfect’ paper devices, and the
ones that can actually be bought in the shops. This problem usually only shows itself as a
circuit which 'should’ work, but doesn’t.

ELECTRICAL SIGNALS AND

INFORMATION

One effect of the continuous advance
of semiconductor technology is that
electronics are being used in an ever
increasing variety of everyday applica-
tions. The complex functions of these
electronic circuits can, however, gasily
obscure some of their basic charac-
teristics. As a result, it is not always
obvious at first sight that everything
which is done in an electrical system
involves either manipulating informa-
tion or doing work, or sometimes a
mixture of both. The ‘information’ in an
electronic circuit is in the form of an
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electrical signal, while the ‘'work’ done
is often some type of mechanical
movement. A radio receiver, for exam-
ple, manipulates information in the
broadcast programme which starts as
a modulated radio carrier, and ends up
as an audio signal; the work done is in
making the loudspeaker cone vibrate to
transfer the final sound to the listener.
The aim of this series is to investigate
a branch of electronics which is
devoted to manipulating electrical
signals which are being used to repre-
sent information. We will start,
therefore, by looking at the ways in
which electrical signais can be used

to represent information in practical
circuits and systems.

ANALOGUE SIGNALS

We usually think of an electrical signal
as a voltage which varies in level as
time passes, but it can just as easily be
a varying current. When this voltage is
plotted against time on a graph, the
result is known as the waveform of the
signal during the time shown by the
graph. A waveform which is often
encountered in electronics is the
sinewave, shown in Fig. 1.1, Examples
of signals which have a sinewave
shape include the mains electricity, and
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the output signal from a microphone
being used to record a tuning fork.

A sinewave has a simple and regular
waveform which has two peaks at

I DIGITAL ELECTRONICS

Signals with waveforms of the type
described above fall into a general
category known as analogue signals.
The voltage level of an analogue signal

different voltage levels, and which typically varies smoothly between two
VOLTAGE
VOLTAGE
TIME
EQ TIME
Fig. 1.1. Waveform for a Fig. 1.3. Waveform for a singing

sinewave signal

repeats every cycle. The signal changes
smoothly from one peak of voltage to
the other peak, and then back again.
Other signals, such as those shown in
Fig. 1.2, are not as smooth as a
sinewave, but they are still of a regular
nature. Returning to the tuning fork for
a moment, we can see that if we watch

VOLTAGE

TIME
VOLTAGE
TIME

Fig. 1.2. Regular waveforms
which are not smooth

the microphone output for a longer
time after it is struck, the shape of the
signal remains the same but the peaks
gradually die away as the sound gets
quieter. This is an example of the way
in which one waveform may be added
to another. There is, however, no
reason why the waveform of a signal
needs to be regular at all, and Fig. 1.3
shows what the microphone signal
might look like if used to record a sing-
ing voice, rather than a tuning fork.
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voice

extreme limits, though not necessarily
always reaching these limits. The varia-
tions will not always be regular,
however, nor will the changes always
be smooth. Circuits which use these
types of signals are called analogue cir-
cuits, and are widely used in radio,
television and audio, as well as in many
types of measuring equipment.

DIGITAL SIGNALS

Digital signals are very different in
nature to the analogue signals
described above. A digital signal does
not change its level smoothly, nor does
it vary freely over a range of levels.
When the voltage level of a digital
signal is not rapidly changing, it
remains steady at one of only two
possible levels, called states. Any
changes between these two states o¢-
cur very rapidly {typically requiring only
a small fraction of a microsecond), and
are so fast that for practical purposes
they occupy an almost negligible time.
The two possible states for digital
signals are commonly referred to
variously as ‘low’/high’, 'off'/'on’,
‘false’/'true’ or, most often, simply as
'0°/'1". Conventionally, the two (binary)
states in a digital system are defined so
that the low/off/false/O state refers to
the lower voltage level, while the
high/on/true/1 state refers to the
higher voltage level. In this series we
will adopt O and 1 to refer to the binary
logic states since this is the most com-
mon and useful definition. The majority
of practical digital applications are
designed so that O is usually represen-
ted by a level near zero volts, and 1 by
a level slightly below the supply
voltage.

A transfer characteristic for a circuit

shows graphically how the output res-
ponds to an input signal. The charac-
teristic for a typical digital circuit is
shown in Fig. 1.4. The output remains
at the O level until the input exceeds a

QUTPUT

INPUT

THRESHOLD

Fig. 1.4. Digital transfer charac-
teristic

certain (threshold) value, at which
point the output rapidly changes state
from QO to 1.

ADVANTAGES OF DIGITAL
SYSTEMS

One of the attractions of digital
systems is that they offer a number of
significant advantages over their
analogue counterparts. In an analogue
system, changes in component values
(due to ageing and temperature ef-
fects) can have a marked effect on cir-
cuit performance, and considerable
care must be taken to combat such
changes. Applications requiring high
precision are particularly troublesome
in this respect. Digital systems,
however, use switching techniques and
are much less susceptible to individual
component changes, and they are thus
not as prone to the effects of ageing

-and drift.

Noise and interfering signals can be
a significant problem in some analogue
circuits, particularly those handling
small signals. Digital circuits, on the
other hand, can be almost impervious
to the effects of noise or interference.
This is because, if it is to have any ef-
fect, the unwanted signal must have an
amplitude which is comparable to the
switching threshold of the circuit.

THE PE LOGIC TUTOR

The PE Logic Tutor is introduced on
page 26 and a full description of the
system, together with constructional
details is given there.

The purpose of the PE Logic Tutor is
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to allow us to investigate the behaviour
of a wide range of practical logic cir-
tuits. We will be reviewing the range of
facilities provided by the Logic Tutor a
little later. For the moment, however,
we will direct our attention towards
some practical ways of indicating and
generating the logic levels to be found
in practical digital circuits.

INDICATING LOGIC STATES

We have seen that digital circuits
transfer information by using signals
which represent the binary states of O
and 1. The designers of such circuits,
while free to choose the actual
voltages used to represent these two
states, usually choose to keep to the
convention of representing O by the
lower voltage, and 1 by the higher
voltage. The majority of today's digital
circuits in fact use the same voltage
levels for 0 and 1 as those used in the
PE Logic Tutor. These levels are such
that any volitage below 1 voltis a logic
0, and any voltage above 2.5 volts is a
logic 1.

When we investigate how a digital
circuit works, it is useful to be able to
look at the logic state (O or 1) at any
point. We could use a conventional
voltmeter for this purpose, but it
becomes rather tedious each time to
have to measure the voltage, and then
decide whether this represents O or 1.
A much easier, and quite widely used,
alternative is to use some sort of in-
dicator which shows the logic state at
a glance. Light emitting diodes (l.e.d.s)
are ideally suited to this putpose, and
are used extensively in the PE Logic
Tutor. The normal convention adopted
is that when an le.d. is on, this in-
dicates that a logic 1 is present,
otherwise the state is a logic 0. The PE
Logic Tutor follows this convention for
displaying logic states.

indicators D1 to D4 are each
available to show the logic state at any
point in a digital circuit. They are used
by simply linking a wire between the
point under investigation and the
appropriate indicator’'s connector; D1,
D2, D3, or D4. A simple demonstration
of this technique can be given by using
the power supply rails as sources of
logic signals. According to our defini-
tion above, +5 volts should indicate as
a 1, and O volts as a O when connected
to the input of D1 in turn. Therefore
when +5 volts {logic 1) is connected,
the l.e.d. should be illuminated,
whereas when O volts (logic 0) ts con-
nected, D1 should be extinguished.
Repeating this demonstration using the
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signals from the sockets labelled ‘logic
0’ and 'logic 1’ {adjacent to i.c. socket
A) should produce similar results.

GENERATING LOGIC LEVELS

When investigating the behaviour of
a digital circuit, it is usefu! to be able to
produce a known logic level (O or 1) to
apply to the circuit in question. This
allows us to see how the circuit res-
ponds to different combinations of in-
puts. As we have seen, the PE Logic
Tutor provides us with indicators to
show logic states at any point in the
circuit. In addition, therefore, four logic
level generators, S1 to S4, are
provided to complement the indicators.
These generators are operated by
push-button switches, and allow us to
produce logic O’'s and 1's as required.
Built in to each generator is an l.e.d. to
indicate the instantaneous logic state
of its output. Operating these switches
in turn will show that two of them (S1
and S2) produce a 1 for only as long as
the switch is pressed, whereas the
other two (S3 and S4), change the out-
put state each time the switch is
pressed. These two different types of
logic generator will be useful in differ-
ing applications, as will be seen in due
course.

FIXED LOGIC LEVEL

Sometimes, instead of a variable
level, a circuit requires a fixed logic
level at one of its inputs. This may
possibly be routed via a switch or other
external electromechanical device,
before being input to a logic circuit. To
cater for such requirements, the Logic
Tutor provides fixed logic O and logic 1
sources. These have no indicator l.e.d.s
associated with them since they are
each capable of driving over twenty
logic inputs. As before, however, in-
dicators D1 to D4 may be used to
verify their correct operation in case of
any doubt. Wherever possible, it is
preferable to use the logic 1 source
rather than the +5 volt supply rail since
this will minimise the effects of ac-
cidentally shorting the supply to the O
volt rail. Even though the power supply
is protected, a short circuit could still
upset the logic states established in a
circuit.

1.C. LOGIC FAMILIES

As we have mentioned, computers
were the majority users of digital cir-
cuits during the 1950’s. Since then,
however, digital techniques have been
applied to the solution of an ever wider
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range of problems. One of the major
reasons for this expansion has un-
doubtedly been the rapid advances
in semiconductor manufacturing
technology during the same period. In-
deed, we are now seeing the introduc-
tion of some advanced circuits which
manipulate analogue signals by first
converting them into equijvalent digital
signals, processing them using digital
techniques, and then converting back
to an analogue signal at the output.
This, however, is running ahead of the
present series, in which we aim to
provide an introduction to the underly-
ing principles of digital logic circuits.
The computers of the 1950's used
assemblies of discrete semiconductor
devices (transistors and diodes] and
passive components. Often the basic
circuits were repeated many times over
in a single unit, and as a result, the
development of the integrated circuit
(i.c.) in the late 1950's led quickly to
the introduction of digital i.c.s. Initially,
these i.c.s were simply subcircuits
(known as ‘gates’), comprising a few
transistors, diodes and resistors in a
single semiconductor ‘chip’; capacitors
were {and still are) rarely included due
to the difficulty of fabrication. As the
technique developed, a number of
‘standard’ gates came into common,
use, and these were subsequently in-
terconnected in a single chip to
produce more complex digital circuits.
This increase in complexity has con-
tinued to the present day, to the point
where a modern microprocessor i.c.
may have the equivalent of over
20,000 basic gates in a single chip.

STANDARD LOGIC FAMILIES

As part of the development of digital
i.c.s, a number of standard ranges have
been introduced. The importance of the
concept of standard logic families can-
not be over-stated. The basic gate in
each range gives the name to the com-
plete family of devices, and determines
the operational characteristics of all
devices in the family. In this way, the
designer is freed from the problem of
checking that the logic levels between
gates are compatible; the logic levels,
power supply requirements, and
general rules are common to all i.c.s in
a logic family. This then allows the
designer to concentrate on the design
of the function of his circuit, and
greatly simplifies his overall task once
the basic ‘rules’ for that family are
understood.

Over the years a number of different

Practical Electronics October 1983



SRR 27"

logic i.c. families have been available,
but many have now virtually dropped
out of use. The main families to have
emerged are as follow:—

{a) DTL Diode-Transistor
Logic

(b) TRL Transistor-Resistor
Logic

{c) RTL Resistor-Transistor
Logic

(d) DCTL - Direct-Coupled-
Transistor Logic

(e} RCTL = Resistor-Capacitor-
Transistor Logic

(fi TTL Transistor-Transistor
Logic

(@) TSL Tri-State Logic
{(a type of TTL)

{h) ECL Emitter-Coupled
Logic

(i) CMOS = Complementary
MOS logic

{i),. PMOS = P-channel
MOS logic

(k) NMOS = N-channel
MOS logic

Each logic family listed above has its
own special characteristics which may
make it more appropriate for particular
applications, e.g. ECL is very fast, but
requires considerable power. In current
practice, however, the families which
are most commonly used are TTL, TSL
and CMOS; ECL is also frequently used
where the highest speed is required.
Without doubt, however, it is the TTL
family in its various forms which is the
logic family in widest use, and we have
therefore restricted practical discus-
sions in the majority of this series
(parts one to seven) to TTL, with part
eight providing coverage of CMOS.

At this point we should, however,
stress that the theory of digital logic is
the same for all logic families. The dif-
ferences between the various families
are confined to the practical aspects of
building circuits, e.g. the power sup-
plies required, the logic levels, etc. A
clear understanding of the theory of
logic circuits, therefore, can rapidly be
applied to any logic family by simple
reference to the electrical specifica-
tions and the operating ‘rules’.

THE 7400 TTL SERIES

TTL is a form of logic which has
gained a very high degree of accep-
tance. The internal circuit for a basic
TTL gate is shown in Fig. 1.5: note the
distinctive multi-emitter transistor
associated with tk- input stage of the
gate. We do not actually need to un-
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Fig. 1.5. Internal circuit for a
basic TTL gate

derstand the details of this circuit in
order to be able to use it, but it is an
indication of the size of circuit which
would be involved if i.c.s were not
available. The commonest TTL family is
known as the ‘7400 Series’. Each i.c. in
the 7400 series has a type number of 4
or 5 digits. always starting with ‘74’,
e.g. 7404, 74123. Different manufac-
turers add various letters before and af-
ter the basic number, e.g. SN7400N,
but i.c.s of the same number will
always have the same function,
whoever the manufacturer. The range
of TTL i.c.s which is available is con-
siderable, with many manufacturers

TTL is shown in Fig. 1.6. As we can
see, there is a range of input voltage
which will produce an indeterminate
output level. This means that the out-
put for an input in this range cannot be
predicted in terms of logic level.
Although possibly surprising, this is
quite common in digital logic circuits,
and does not destroy the theory. A
logic O is defined in TTL as a level of
less than O-8 volts, while a logic 1 is a
level greater than 2.4 volts. The in-
determinate outputs therefore corres-
pond to illegal input levels! We shall
return to consider the other charac-
teristics of TTL at a later stage, but for
the moment the only other information
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Fig. 1.7. Main features of the PE Logic Tutor
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we fequire is that the supply voltage
for TTL is +5 volts.

The basic characteristics of the TTL
7400 Series are summarised in the
data sheets which accompany this
series. Further details are available
from manufacturers’ data books.

PE LOGIC TUTOR SUMMARY

The aim of the PE Logic Tutor is to
allow the user to construct and in-
vestigate the behaviour of a wide range
of i.c. logic circuits. The main elements
of the Logic Tutor, are summarised in
Fig. 1.7. The items of significant in-
terest are as follows:—

(a) A regulated and protected
power supply which provides sup-
ply rails at +5 volts and O volits

(b} A breadboarding area which
can accommodate up to six
14-pin or 16-pin dual-in-line i.c.s
{(c) Four logic state indicators in-
corporating l.e.d.s

{d) Four switch-controlled logic
level generators; two of these
have a momentary action, while
the other two have a latching
action

{e) A low frequency square wave
signal generator which provides a
logic-compatible clock at approx-
imately THz

In order to cater for developing and
investigating the behaviour of more
complex circuits than can be built in
the existing breadboarding area, a
10-way expansion connector is also
provided. This allows the connection of
external circuitry and, with the aid of a
suplementary circuit board, also
provides a way of increasing the bread-
boarding area.

The power supply to drive the board
may be either an a.c. or d.c. source of
between 8 and 12 volts, with a typical
supply current of around 150 to
200mA. This type of supply is usually
readily available in most laboratories
and workshops. Just as suitable,
however, is a simple a.c. mains 9V
adaptor of the type used with many
calculators and cassette recorders.

The use of the Logic Tutor provides a
means of reinforcing the subjects
covered in this series. The object is to
supply examples every month which
allow practical investigations to be
undertaken, in order to provide the es-
sential ‘hands-on’ experience. The ex-
amples have been carefully designed to
complement the subjects discussed,
and to develop a familiarity. With the
use of digital logic techniques. Even
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when the series has been followed
through, the Logic Tutor will still be
useful as a development tool in its own
right.

THE BUFFER

We have already mentioned the fact
that there is an almost bewildering
array of digital ‘building blocks’
available to today’'s logic designer. The
simplest of all active logic elements is
without doubt the logic buffer. This has
only one input and one output, and the
logical state of its output is a direct
copy of the logic state at its input.
Hence an output of O is produced
whenever the input is O, and a 1 is
produced for an input of 1. Since no
apparent logical operation has been
performed by the buffer, it may at first
sight seem to be a rather strange ele-
ment to want to include in any logic
circuit. There are, however, a number
of situations in which a buffer can be
quite invaluable.

The first point to note is that the
description given above refers only to
the voltage levels at the input and out-
put of the buffer. The current flowing at
the output of a buffer, however, can be
much greater than the current at its in-
put, even though the logic levels (in
terms of the input and output voltages)
remain essentially the same. Hence a
buffer is said to exhibit ‘current gain’,
which is a consequence of its internal
circuitry. In this way, buffers can be
used to interface a logic system to cir-
cuitry which demands so much current
that the logic levels could not be main-
tained within their limits if other types
of logic elements were used instead.
Similarly, it is often possible to connect
more logic elements to the output of a
buffer than is possible with other types;
the buffer preserves the logic state of
the signal, but increases the current
‘drive’ which is available.

Finally, buffers may be used to
regularise and standardise the input
signals, in terms of logic levels, that are
presented to, or taken from, a logic
circuit.

When drawing logic circuits, the
symbol used to represent a buffer is
shown in Fig. 1.8. In logic diagrams it
is normal to show the input on the left
hand side, and the output on the right.

Thus, in most logic circuits, the
‘progress’ of a logic signal is usually
N
weut B~ outPUT

Fig 1.8. Logic symbol for a buffer

WRONG

Fig. 1.9. Connecting buffers
together

from left to right across the page. At
this juncture, it is worth illustrating
these points by introducing the first of
the rules which must be observed
when connecting logic elements
together. A single output may be con-
nected to a number of different inputs,
but each may normally only be taken
from one output {i.e. you may not con-
nect serveral outputs together and ex-
pect the circuit to behave properly!).
We shall return to discuss this point in
greater detail later on, but for the mo-
ment this important rule is summarised
in Fig. 1.9.

THE INVERTER

An inverter, or inverting buffer as it is
sometimes known, is a logic element
which is like a buffer in that it has only
one input and one output. Inverters are
used to generate the logical opposite,
or complement, of a logic signal. In
order to understand this definition,
however, we must first explain that the
complement {or inverse) of 1 is O, and
the complement of O is 1. Hence, when
the input of an inverter is O, its output
will be 1; similarly, when the inputis 1,
the output will be O.

The action of an inverter can be il-
lustrated by looking at the simple relay
circuit shown in Fig. 1.10. When the
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Fig. 1.10. Relay analogy for in-
verter operation
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logical input is at a O level, no current
flows in the relay coil and the contacts
remain in the state shown, producing
an output level of 1. When the logical
input is a 1, current flows in the relay
coil, the contacts change over, and a 0
is produced at the output. The relay
thus inverts the logical signal so that
an input of O becomes an output of 1.
and vice versa. The relay in this exam-
ple is in effect acting as an elec-
tromechanical inverter.

INPUT Dc

1#15)]

ouTPUT

Fig. 1.11a. Symbol for an inverter

The symbol for an inverter is shown
in Fig. 1.11a. Note that this is almost
the same symbol as we used earlier for
the buffer; the small circle on the out-
put, however, shows that the signal
has been compiemented. In effect, the
circle indicates that the output of the
logic element to which it is attached is
inverted. Thus the symbol for the inver-
ter is made up of that for a buffer, with
the addition of a circle to show that the
buffer output is inverted. Hence the in-
verter is sometimes referred to as an
inverting buffer.

Inverters can, if required, be made to
function as buffers, and because of this
flexibility they are often used in
preference to simple buffers. Con-
necting two inverters in series will
produce an output from the second
which is at the same logic level as the
input to the first. The first inverter com-
plements the input (e.g. changes 1 to
0), while the second complements it
back again (e.g. O back to 1). The
overall effect, illustrated in Fig. 1.11, is

, /\‘ ‘/\ -
N TR L

Fig. 1.11b. Action of two series
connected inverters

that of a buffer. We shall return to this
point again later, but for now we shall
proceed with a practical investigation
of the behaviour of the inverter. As this
is the ‘first use’ of the PE Logic Tutor,
the example wiil be covered in
somewhat greater detail than wiil be
given in subsequent practicai exercises.

7404 INVERTER CIRCUITS
The 7404 consists of six individual
inverters in a single 14-pin dual-in-line
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package. The pin connections and in-
ternal logic arrangement for the i.c. are
shown in Fig. 1.12. When identifying

DD[_H_I[—II—H'?

T B
> [q) (f) ( b) t€) f

L_,T_II_JLII_I_II_J

Fig. 1.12. Pin connections and
internal logic for the 7404

the pins, view the i.c. from above (i.e.
with the pins pointing downwards).
The notch on the package is then be-
tween pins 1 and 14, and with the
notch on the left, the pins are num-
bered anti-clockwise starting with 1 in
the bottom left corner. In a few cases
there will be no notch on the ic.
package, but instead there will be a
round indentation on the top of the
package next to pin 1. The power sup-
ply connections for O volts and +5
volits are at pins 7 and 14, respectively.
It is worth pointing out that the six in-
verters in a 7404 are all electrically
identical, although they are usually
labelled (a) to (f) for convenience of
identification in circuit diagrams.

A 7404 should be carefully inserted
into the dual-in-line socket marked 'A’
on the Logic Tutor. It may be necessary
to pre-form the i.c. leads so that both
rows of pins will fit into the socket, or
an i.c. insertion tool may be used in-
stead. Care should, in any event, be
taken to ensure that the chip is orien-
tated with pin 1 in position A1; this will
then mean that pin 14 will be in posi-
tion A16; the notch should be between
A1 and A16. As a final check before
proceeding, it is worth verifying that all
of the i.c. pins are correctly inserted in
the socket, and that none have been
bent under during the installation.

The first test circuit to be set up is
shown schematically in Fig. 1.13, and
uses the (a) inverter. The diagram here
includes the connections to the power
supply, as well as the logic intercon-
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Fig. 1.13. Single inverter test
circuit
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nections. In normal practice, however,
these power supply links are omitted
from circuit diagrams since it is
assumed that every i.c. will be connec-
ted to the +5 volt and O volt rails at the
appropriate pins. The resulting diagram
otherwise becomes very confusing. It is
recommended that the circuit is wired
up with the power supply to the Logic
Tutor switched off. Link the positive
supply to pin 14 of the i.c. by con-
necting a wire from any +5V point to
A16. Similarly the OV rail is connected
to i.c. pin 7 by a wire between any OV
pint and A7. The input to the inverter
(at i.c. pin 1) is connected to the logic
level generator by a wire between S1
and A1. The output from the inverter
(at i.c. pin 2) is connected to the logic
state indicator using a link between A2
and D1. To re-cap, there should be a
total of four links on the board, connec-
ted as follows:—

S1to Al (input to inverter)

A2 to D1 (output from inverter)
A7 to OV (ground)

A16 to +5V (positive supply)

When the power supply to the Logic
Tutor is connected, the output of S1
will be a O (shown by the associated
lLe.d.), and the output of the inverter
(shown by D1) should represent a 1.
Pressing S1 will cause it to generate an
output of 1, and the output of the in-
verter should now change to a O, i.e.
D1 should now be extinguised. Releas-
ing S1 should cause the output of the
inverter to resume its original state,
i.e. 0.

Readers may wish to verify that the
same behaviour is obtained from the
other inverters in the 7404; the
necessary pin connections may be
taken from Fig. 1.12.

Keeping the circuit already set up,
we can now extend it to demonstarte
the result of cascading two inverters to
produce the buffer action mentioned
earlier. The two inverter circuit shown

1’ " 13 |
S1 |
BN (A1) b’ Oy s le?ot, o] °°

(01

m N —T
A Y

Fig. 1.14. Double inverter test
circuit

in Fig. 1.14 uses the (a) and {f) inver-
ters from our 7404, though any pair
may be used. This circuit is set up on
the 'Logic Tutor using the following
links:-
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S1to A1l

A2 to D1 As for previous

A7 to OV circuit

A16 to +5V

A2 to A15 (connect O/P of {a) to
I/P of (f))

A14to D2 (O/P of (f) to D2}

When this circuit has been set up,
D1 should normally be on and D2 off.
Pressing S1 should cause this to swap
over so that D1 is off and D2 is on; D2

should always be in the same state as
the l.e.d. associated with S1.

The final circuit is left as an exercise
for the readers, and uses all six inver-
ters in the 7404. The idea is to prove
that replacing EACH inverter in the cir-
cuit above with THREE inverters in
series (i.e. output of first to input of
second, and output of second to input
of third), and using the input of the first
and the output of the third, will give a
circuit which behaves in the same way
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as the one last investigated. Thus if we
have connected up the inverters in the
sequence a-b-c-d-e-f, then connecting
S1 to A1, D1 to A6/A11, and D2 to
A14 will produce an equivalent circuit
from a logical point of view. In effect,
the whole i.c. has been set up to
behave as a single buffer made up of
six inverters!

NEXT MONTH: Logic gates, truth
tables and fan-outs.

INTRODUCTION TO DIGITAL ELECTRONICS
% FURTHER READING

The following books are available from the Modern Book Company, 15-21 Praed Street, London W2
1NP. The complete set, excluding Volume 2 of the TTL Data Book, is priced at £32.50 post free. Please
note however p&p is an extra 15% if individual books are ordered.

DIGITAL TECHNIQUES LEVEL 2
This is one of the TEC series, and is aimed
at the half-unit in Digital Techniques. It
aims to develop an understanding of binary
arithmetic, Boolean Algebra, and logic cir-
cuits. The book follows a nicely logical
sequence covering digital signals, binary
counting, gates, truth tables, and Boolean
Algebra. The treatment of logic goes as far
as discussing sequential circuits, and
Boolean Algebra is introduced, without be-
ing greatly developed. Each chapter starts
with a brief outline of its objectives, and in-
cludes useful (but unobtrusive) summaries
and exercises. A final test is included to
revise the main chapter topics. The subjects
are covered without reference to any par-
ticular logic devices.

lan Sinclair

Holt, Rinehart and Winston

1st edition (1982)

ISBN 003910379 X

92 pages

Price £2.95

UNDERSTANDING DIGITAL
ELECTRONICS

This is another in the excellent Tl 'Un-
derstanding Series’. This one provides a
self-teaching course on digital circuits,
arranged in the form of a question and
answer text. It covers digital components,
logic systems, memories, and even looks
briefly at computer hardware and software.
The book is copiously illustrated, and as
with the other books in the series, adopts
an informal and essentially non-
mathematical approach. Each of the ten
chapters concludes with a quiz {answers
providedl), and the book contains a com-
prehensive glossary of terms.

Gene McWhorter

Texas Instruments

1st edition (1978)

ISBN 0895120178

252 pages

Price £3-95
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TTLCOOKBOOK

At first sight, a rather strangely titled book,
but for all that one of the best selling
technical paperback books of all time. The
essential point of this book is that it pre-
sents the material in a manner which ex-
pects to be used. Chapter 1 looks at the
basics of TTL, while Chapter 2 is a
catalogue of some 80 TTL devices, each
presented as a single-page data sheet.
Chapters 3 to 7 look at logic and logic cir-
cuit techniques, all in an easily under-
standable manner, with numerous exam-
ples and practical tips. The final chapter
looks at ‘Getting it all together’, turning the
theory and ideas into practical TTL projects.
An excellent book; do not be put off by the
rather inflated import price.

Don Lancaster

Howard Sams

ISBN 0672210355

335 pages

Price £10-15

UNDERSTANDING SOLID STATE
ELECTRONICS

This book is unusual amongst electronics
textbooks in that it starts right from the
beginning, and assumes no previous
knowledge of electricity or electrical cir-
cuits. Indeed, to quote from the preface:
"This book was created for the reader who
wants or needs to understand electronics,
but can’'t devote years to the study’. A
glossary and self-test quiz is included for
each chapter, and the entire text is presen-
ted as a series of questions and answers.
Those who may have found other books us-
ing the Q&A format rather disjointed need
not worry; “Understanding Solid State
Electronics” is logically structured, and is
eminently suited to the newcomer.

Texas Instruments

3rd Edition (1978)

272 Pages

Price £3-95

MICROELECTRONIC SYSTEMS
LEVEL1

This book is another from the ‘Holt Techni-
cian Texts’ series, and is primarily intended
for students following the standard Level 1
unit, ‘Microelectronic Systems’. This unit
forms part of a number of Technigian
Education Council (TEC) Certificate and
Diploma programmes, and is designed to
occupy a nominal 60 hours of study. The
book provides a broadly based introduction
to electronic systems (both digital and
analogue), and then concentrates on in-
tegrated circuits in general, and
microprocessors in particular. It thus
provides a useful general introduction to
microprocessors, and is eminently suitable
for those with no previous knowledge of the
subject.

lan Sinclair

Holt, Rinehart and Winston

ISBN 0039103137

93 pages

Price £2-50

THE TTL DATA BOOK

If you only ever have one data book on the
shelf, then this is the one for you. This is
without doubt the TTL designer's
equivalent of the dictionary. It contains
details of ithe full range of Tl's huge selec-
tion of TTL i.c.s. Indeed the book has now
grown so large that it has been split into
two volumes. The first volume covers
everything except the 74AS and 74ALS
families, which are covered in the second
volume. As well as full details on every
device, separate sections include a selec-
tion guide, an interchangeability guide, and
pin-out drawings. An essential reference
book.

Texas Instruments

6th European edition (1983)

ISBN 3 88078 037 4 {(Vol 1)

ISBN 3 88078 042 0 (Vol 2)

1158 pages

Price £9.00 (Vol. 1) £8-00 (Vol. 2)
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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.

Mail Order Protection Scheme

If you order goods from Mail Order advertisements in this

magazine and pay by post in advance of delivery, PRACTICAL

ELECTRONICS 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 PRACTICAL ELECTRONICS
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 clais from readers made in accordance
| with the above procedure a soon as possible after the
Advertiser has been declared bankrupt or insolvent.
This guarantee covers only advance payment sent in direct
response to an advertisement in this magazine not, for example
payment made in response to catalogues etc, regeived
as a result of answering such advertisements. Classified
advertisements are excluded.
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THE P.E.
ENTHUSIAST'S

A-Z
BUYING GUIDE

I's amazing what you'll find in

the pages of our current summer
price hst be you beginner,

expert or professional. The Jist
below gives some idea of the
enormous stocks we camy, and our
service Is just about as good

as meticulous care can make it
WRITE, PHONE OR CALL FOR

OUR SUMMER PRICE LIST NOW!

e ITS

' FREE!
feasy Good Bargains
mention
this o
Touraal Good Service
when .
applying ; Good Choice

e

Access facilities Connectors Lamps Semi-conductors
Aerosols Discounts Meters Switches
Batteries Electrolytics Opto-electronics Solder tools
Boxes Ferrites Potentiometers Tools
Breadboards Grommets Pot Cores Transformers
Computers & Hardware Quantity prices Vero products
Eqpmnt I.Cs Resistors Visa facilities
Capacitors Knobs Relays Zener diodes

ELECTROVALUE LTD., 2B St Jude's Road, Engiefield Green, Egham, Surrey TW20
OHB. Egham 33603 iLordon 87; STD 0784) Telex 264475: Northern Shop (Callers
only} 680 Burnage Lane M/c M19 1NA. {061432 4945) EV Computing Shop, 700
Burnage Lane, Manchester (061431 4866}

y BB BB BN BN BN N

fl ADVANCED
o TELECOMMUNICATIONS

Careers with extensive scope at Cheltenham

" LOGIC

P E TUTOR

COMPLETE KIT:—

Join the Government Communications Headquarters, one of the world's foremost centres for
R & D and production in voice/data communications ranging from HF to satellite — and their
security. Some of GCHQ's facilities are unique and tere is substantial emphasis on creative
solutions for solving complex communications problems using state-of-the-art techniques
including computer/microprocessor applications. Current opportunities are for:

Telecommunication Technical Officers

Two levels of entry providing two salary scales: £5,980 - £8,180 & £8,065 - £9,085

Minimum qualifications are TEC/SCOTEC in Electronics/Telecommunications or a similar
discipline or C & G Part Il Telecommunications Technicians Certificate or Part | plus Maths B,
Telecommunications Principles B and either Radio Line Transmission B or Computers B or
equivalent:ONC in Eiectrical, Electronics or Telecommunications Engineering or a CIE part |
Pass, or formal approved Service Technical training. Additionally, at least 4 years’ {lower level)
or seven years' (higher level} appropriate experience is essential in either radio communica-
tions or radar, data, computer or similar electronic systems.

At the lower entry level first line technical/supervisory control of technicians involves “hands-
on” participation and may involve individual work of a highly technical nature. The higher level
involves application of technical knowledge and experience to work planning including
implementation of medium to large scale projects.

Radio Technicians - £5,232 - £7,450

To provide all aspects of technical support. Promotion prospects are good and linked with
active encouragement to acquire further skills and experience. Minimum qualifications are a
TEC Certificate in Telecommunications or equivalent plus 2 or more years’ practical
experience.

Cheltenham, a handsome Regency town, is finely-endowed with cultural, sports and other
facilities which are equally available in nearby Gloucester. Close to some of Britain's most
magnificent countryside, the area also offers reasonably-priced housing. Relocation assistance
my be available.

For further information and your appilication form, please write to: -
Recruitment Office, GCHQ Oakley; Priors Road, n W
Cheltenham, Gloucestershire , <
GL52 5A)
or phone 0242 21491 ext 2269. ‘ J

-
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* Fibre-glass roller-tinned
PCB for easy assembly,
made specially for PE
Readers under official
licence

* All resistors, capacitors,
transistors, LEDs, ICs and

bridge

* DIL sockets, plugs, con-
nectors, turned-pin sock-
ets and PCB switches

* Ribbon cable, muilticore

solder

EVERYTHING YOU NEED
ONLY £14.70

(MAINS TRANSFORMER £2.40 EXTRA)

rectifier

INCLUDING
VATP &P

ALL

SEPARATELY: S.A.E. FOR LIST

PARTS AVAILABLE

MICR
5NO

FERNHILL HEATH,
WORCESTER WR3 7XB

OSTATE LIMITED,
RTHFIELD CLOSE,
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A COMPANION FOR UKIRT

The soil of Mauna Kea, on Hawaii, has
been disturbed again. The work was begun at
an official ceremony on the 14,000 ft high
mountain early in June. A budget of 1.5
million pounds per annum is to be shared be-
tween the Science and Engineering Research
Council (SERC) and the Nederlandse
Organisatie voor Zuiver-Wetenschappeijk On-
dersek (ZWO). The capital cost of the project
will be £7M, in the ratio of 80% from the
United Kingdom and 20% from Holland. The
telescope should be completed by 1986. It will
be remotely controlied like UKIRT but cover
a different part of the spectrum.

The view on the Universe is to some extent
dependent on the atmosphere. There are as it
were various windows through which the
astronomer may examine the surrounding
scene. Thus at certain frequencies there must
be a window which is transparent to those fre-
quencies. Also the clouds of gas and dust that
lie between the stars and the Earth are the
source of most of the radiation which is under
study in this area. The frequency is between a
few millimetres and a third of a millimetre.

There were a number of reasons why this
area was relatively poorly developed by
astronomers. The three main ones were—the
lack of receivers which were sensitive enough,
the signals being absorbed by water-vapour
before reaching the telescopes and the
problem of making large instruments with suf-
ficiently accurate reflecting surfaces.

Detectors using elements as small as one
micron square and cooled to a few degrees
above absolute zero have been developed now
to satisfy the first difficulty. The second
problem has also been overcome to a large ex-
tent now that the University of Hawaii has an
observatory at such high altitude. The new
telescope will be 15 metres in diameter and
will overcome the third problem. To be
capable of efficient operation the reflecting
telescope used must have a surface accuracy
of a small fraction of the wavelength of the
radiation to be received. The surface of the 15
metre bow! must not deviate from paraboloid
by more than 50 microns, including the effects
of gravitation when the bow! is tilted or as the
temperature changes. To protect it from the
weather and from Solar Radiation it will have
a co-rotating enclosure which will turn with
the telescope. This will have a window covered
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with a special membrane which is transparent
to the wavelengths required but which will
reflect' much of the sunlight which falls upon

. it. This also helps to control the temperature

.gradients that will be encountered in the en-
yironment.

The paraboloid surface of the telescope will

e made up of 276 panels mounted on a steel
frame designed for the minimal and also
bredictab]e distortion under gravity as the
elevation angle is changed. The panels are of
lightweight construction consisting of an
al'umin/ium honeycomb covered with thin skins
of aluminium sheet. Each is supported on
three'mounts which can be adjusted remotely.
The measurement of this surface is very dif-
ficult and a sophisticated machine which in-
corporates a laser interferometer is being
developed to deal with this problem. The
mount of the telescope is of the Alt-Azimuth
type with motor drives and friction contact
with the tracks.

The optical design is that of the folded
Cassegrain type with a 75cm diameter secon-
dary mirror to focus the radiation on to one of
a number of receivers via a third mirror moun-
ted behind the primary. By mounting a num-
ber of receivers simultaneously, each set at a
particular frequency or range of frequencies, it
will be possible to optimise the use of the
telescope and observe at the highest frequen-
cies when the transparency of the atmosphere
permits.

Although the telescope has been sited at the
highest major observatory in the world, thus
providing outstanding conditions for sub-
millimetre wavelength observations, the condi-
tions do vary both seasonally and on a much
shorter time-scale. Substantial testing of the
site has been carried out and the atmospheric
conditions are being continuously monitored
to assist in the planning of future programmes.

THE ECLIPSE FROM JAVA

As is usual at the time of an eclipse the
most suitable observation point is the subject
of an invasion of scientists both professional
and amateur to catch the very fleeting mo-
ments of this event. This time the site was at
Surubaya, East Java. It is a remarkable thing
that observing such occurrences in various
parts of the world reveals details of the diver-
sity of mankind in its daily life and worship. In
Surabaya the populace remained indoors so
that they could pray to be free of blindness
from the visitation of a power to black out the
Sun.

There is quite an amount of lore in Java
connected with the eclipse. Though there are
some eighteen eclipses each year they occur
mainly in inaccessible places or at sea. It is
therefore not possible to do much more than
just watch the eclipse itself. On this occasion it
was possible to measure the shadow of the
eclipse. A very accurate measure of this was
the task of a team from New Scientist and
University College, London. The standard
semi-diameter of the sun is 959-63 arc-seconds.

Normally to check this figure it is necessary
to ensure that there is a facility for doing this.
Observers were stationed at suitable positions
and the measurements averaged. From this
the team were able to say that for 1983 the
diameter of the Sun was smaller than the stan-

dard figure. Their measurements gave a figure
for the polar radius as 0-34 arc-seconds less
thamthe standard figure.

SATELLITE TDRSS-A

It took 39 steps to put this satellite into
correct orbit. From this experience a ten years
functioning period of thruster operation was
accomplished. Thus necessity provided a
bonus while doing an essential task. This
sateilite was the first of four in the planned
Tracking and Data Relaying Satellite System.
Stabilisation was obtained for a very
elongated elliptical orbit after the upper stage
failed following deployment by the Shuttle.
For a time it was thought that it would have to
be abandoned. But the ground controllers
decided on rescue. They were eventually faced
with the onerous task of getting it into the
correct orbit. This task was completed after
several weeks of painstaking effort. They used
the attitude thrusters to slowly put the satellite
into orbit. The thrusters finally succeeded at
the 39th burn which itself took 5 min. 48 sec.

During this positioning some 817 Ib of
Hydrazine was sacrificed to the repositioning.
For its original task it is now left with only
500 Ib of fuel. However it has been worked out
that to do its normal task the thrusters would
need only 200 Ib. This would leave enough for
emergencies. It was fortunate as it turned out
that a cancelled experiment allowed an excess
of Hydrazine to accrue. It is expected that
TDRSS will be ready for testing on the 8th
shuttle mission and for operational purposes
on the 9th mission.

The special bonus of this emergency opera-
tion was the fact that the thrusters had some
817 Ib of fuel through them during the period
of orbit correction. These thrusters are about
the size of a thimble and have had what is the
equivalent to ten years of working life during
the sixty days of this emergency use.

EUROPEAN SPACE AGENCY

EXOSAT, the X-ray Observatory Satellite,
has already sent detailed information on the
location, spectral and temporal characteristics
of cosmic X-ray emission sources. The
satellite was launched from the Vandenburg
site in May last.

On-board experiments include two imaging
telescopes to collect information on cosmic X-
ray sources in the 0-04-2 k-electron volts
range. X-rays in this part of the electro-
magnetic spectrum have a wavelength 1,000
times shorter than the eyes are able to see. Im-
aging telescopes for low energy sources such
as remnants from supernova stars are also in-
cluded. A colour catalogue of extra galactic
X-ray sources and studies of the time varia-
tions associated with X-ray sources which
vary between milliseconds and days will be
made. It would in fact take a complete
Spacewatch to cover the tasks which are set.
This is really an extension of the work of new
discoveries made by the Cos-B satellite of the
European Space Agency.

Frank W. Hyde
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AST MONTH, construction of the basic unit was described.
This month the circuit description and construction
details of both the display options are given. At least one
option must be fitted to the basic unit; however, fitting both
options vastly increases the versatility of the instrument.

SCOPE OPTION

This option altows stored data to be displayed as timing
diagrams on an ordinary dual trace oscilloscope. The os-
cilloscope must have X—Y capability. The option displays
eight traces, one trace per data line, and each trace displays
16, 32 or 64 bits, depending on the EXPAND function. The
circuit has been designed for oscilloscope displays with a
minimum of 1cm square graticule markings. Smaller sized
displays may impair readability of the displayed data.

THEORY

Eight traces are displayed on the oscilloscope in the
following manner. A repetitive ramp waveform is applied to
the X input of the oscilloscope, causing the beam to move
across the display. Eight d.c. levels, equally spaced and in
decreasing value, are in turn applied to the d.c.-coupled Y in-
put of the oscilloscope, each for the duration of a single
sweep. If the sweep repetition rate is fast enough, then the
eye will see eight traces on the screen. When an analogue
(or digital} signal is superimposed on the d.c. fevel, then
eight traces of data can be seen. Remember though, that
each trace follows sequentially the one preceding it and
therefore eight real-time data signals cannot be displayed in
parallel. Since the analyser is displaying stored data, this is
of no concern to us. What happens is that a multiplexer ap-
plies a d.c. shifted signal with the D bus one superimposed
on it to the oscilloscope. The RAM is clocked for 16, 32 or
64 clock cycles, during which the trace is moving across the
screen. This causes the D@ contents of 16, 32 or 64
memory locations to be displayed as a waveform of ones
and zeros. At the end of the trace, D1 is connected through,
and the memory is again cycled through the same locations.
Thus the data bits of D1 are displayed directly under the
corresponding bits of DQ. All eight data lines are therefore
displayed and then the whole sequence repeats itself. In this
manner a display of 16, 32 or 64 bytes of 8-bit data is built
up. A timing diagram is shown in Fig. 3.1.

CIRCUIT DESCRIPTION

Refer to the block diagram and circuit diagram, Figs. 3.2
and 3.3 respectively. IC101 is configured as an oscillator
running at 64kHz. The output is fed to {C102, IC105b and
S20c via buffers IC105a & d. IC102 and C103 are binary
counters, used as dividers. The frequency at QA of IC102 is
32kHz and QB is 16kHz. These outputs are also taken to
S20 and depending on the switch position, one is applied to
the RAM counter circuitry on the main p.c.b. Output QC of

S2

64 kHz RERSRNsE NS el e Ny Ny FEEH

32 kHz O DO s O ey S s ISRy Yy S O

16 kHz - I 1 --- .__I_'I'__J——_
16103 Q¢ S If_!
' - LI
1
1
= |
-
SCOPE X __ i
\____._/-
1C108 Pin 3 = lji
'
1CN0 Pin 2 - 1
]
1
16110 Pin1 o

Fig. 3.1. Oscilloscope option timing diagram

S‘Zfﬁ DIVIDERS F/FLOP
a3 €102, }€103 1€104
1101 RAMP SCOPE X
GENERATOR «
1C108,1C109
TRIO!
64kHZ -
32kHz
16 kHz
LD
LEVEL
SHIFTER
TRI02
110 ANALOGUE SCOPE Y
1 0F 8 COUNTER XCGATIECS )
111, 1N
.
oma .  SHAER 3
s 1cn3, 1C104 %
ICWe=117

Fig. 3.2. Scope option block diagram

IC103 is 1/64th of the input frequency, i.e. 1kHz. When QC
goes high, IC104d goes low, albeit for a very short time, as
the 64kHz clock resets the flip flop via IC105b. This short
duration negative going pulse reloads the counters so that
they count from zero again, triggers IC108 and provides the
LD pulse used on the main p.c.b. for reloading the RAM base
address (refer to part 1) and for the HEX display option (see
below). Because these pulses are 1ms apart and are derived
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from the 64kHz clock, the RAM address counters increment
64, 32 or 16 times between the pulses, corresponding to the
expand function allowing 64, 32 or 16 bytes to be displayed.
IC108 is configured as a monostable, with its timing
capacitor being charged via a constant current generator
formed by TR101, VR102 and R102-R104. When IC108
is triggered, a ramp waveform is generated at the junction of
TR101 and C106. The timing components have been
chosen (and can be adjusted with VR102) such that the
period of the ramp is just less than 1ms. The ramp is buf-
fered and amplified by IC109, the output of which drives the
X channel of the oscilloscope. VR103 is used to adjust the
ramp amplitude and thus the width of the sweep on the dis-
play. With the ramp period slightly under 1ms and the ramp
start tied to the 64kHz clock, the ramp is just long enough
for the 64, 32 or 16 clock puises to be completed before the
next LD pulse is generated. TR102 level-shifts the square
wave output of IC108 {period 1ms) to a level compatibie
with the dual supply rails used on the CMOS i.c.'s. IC110 is
a 1-of-8 counter, each output goes sequentially high with
every clock pulse. The outputs of IC1 10 control the analogue
gates in IC's 111 and 112 with the result that every 1ms
{equivalent to the ramp length, or a set of 64, 32 or 16 clock
pulses) the outputs of IC's 114 to 117 are gated sequentially
for 1ms to R130. R130 is in turn connected to the Y input of
the oscilloscope. In other words, the 8 outputs are switched
in turn for 1ms to the Y oscilloscope input. The data bus is
buffered by IC113 and iC104b & c and applied to the op-
amp IC’s 114-117. The associated resistors {for example
R106 and R107) are chosen such that the gain of the op-
amp is 0-18. Multiplied by 5V, the output is 0-9V and with
the oscilloscope Y input set to 1V/div, the waveform sits
nicely within the graticule squares. Summed with the input
signals are d.c. levels, adjusted by VR104-VR111. The gain
of the d.c. level is 1 and therefore the signals fed to IC111
and IC112 consist of 0-9V amplitude waveforms superim-

posed on d.c. levels which can be adjusted from approx-
imately —7V to +7V. These presets enable the traces to be
correctly spaced on the oscilloscope screen.

CONSTRUCTION

Construction procedures follow closely those of the main
p.c.b.—Soldercon sockets, followed by components and
then the through-hole connections. Refer to Fig. 3.6. Fit the
i.c.’'s in place, then check for solder splashes and correct
component orientation. Use Veropins for the connections to
S20 and SK101, SK102 and SK103. If you intend fitting the
HEX display option at this stage, complete it first, as it is fit-
ted below the oscilloscope eption. (if the HEX option is only
to be fitted at a later stage, it will be no problem to lift the
oscilloscope option board and place the new option board in
between. It is therefore not essential to fit both options
now.) The display option board(s) are mounted on stand-
offs, between SK6 and SK8 on the main p.c.b. Wire the
board to the front panel (i.e. 520 and SK101-103).

SETTING UP

With a frequency counter or an oscilloscope connected to
pin 3 of IC101, adjust VR101 for an output of approximately
64kHz. Then connect up the oscilloscope with X input set to
0-5V/div. and the Y input to 1V/div. Apply a clock to the
analyser, let the data inputs float high, ARM the analyser
and store the high inputs. Adjust VR104-VR111 so that the
traces are in order from the top of the screen downwards
and that the traces are just under their respective upper
graticule lines (i.e. indicating a high). Note that the presets
are not in order on the p.c.b. {the author wasted an hour try-
ing to figure out why the scope data did not agree with the
HEX data, and all because the traces were adjusted in the
wrong order!). Adjust VR103 so that the length of the traces
just fit in the graticule area. Connect up {(on protoboard or
vero-board) the test circuit in Fig. 3.7 and store the data.

Fig. 3.4. Scope option
p.c.b. track {track-side)

54

]

Practical Electronics  October 1983



l]lll]l- )

=
L
=
)
=
- J
=
=
)
=
&
[

o=
=
o | ‘@
— | —
——
——
— [ —
.
= ) == °
= ‘=
=1 —
-y E—'
= =
- | =
= ®
-
PN r—A
o l-a»
—
s o

VRI0&E

" i a CL0F cro3
e IClO?go HQ ¢
.

w106 cloz

Bailid oAkl S ARA VR VRO RO TR 108

r:-.-u
. E » }

oA je

|i6l251

Practical Electronics October 1983

Fig. 3.8. Scope option component layout (actual size)
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With the EXPAND switch set to 16, adjust VR102 so that

+5v

* -v-
the top trace (D®) has 16 cycles on the screen. It may be 'TI"L {
necessary to readjust VR103 while the adjustment of pm—— i -
VR 102 is being done. Changing the position of the EXPAND AR = |n 741590 "
switch will cause more bytes to be displayed. Final testing of
the unit will be described at the end of the article, as the E! (R L ov
procedure is common to both display options. " |
, . BEml . 28 g
Fig. 3.7. Analyser test circuit
4 N
COMPONENTS . .. Cdainiors
. C101 n
SCOPE DISPLAY OPTION €102,C104,C107 1w/35V tant. (3 off)
C103,C105 10W/35V tant. (2 off)
Resistors C106 100n/16V tant.
R101,R103 4k7 (2 off)
R102 2k2 Transistors
R104 6k8 TR101,TR102 BC177 (2 off)
R105,R130 10k (2 off}
R106,R109,R112,R115, Integrated Circuits
R118,R121,R124,R127 100k (8 off) iy ¥
R107R108R110R1 11 1C101,1C108 7555 (2 off)
3 1 4 g 1IC102,IC103 7415191 (2 off)
R113,R114R116,R117,
1IC104 74L.S02
R119,R120,R122,R123, 1 IC108 741500
oy 1 g Ic107 7908CT
All resistors W 5% IC109 741
s IC110 4022B
Potentiometers IC111,1C112 40668 (2 off)
VR101,VR103 10k vert min. preset (2 off} 1C113 74L.S04
VR102 4k7 ., » . 1IC114-117 1458 dual 741 (4 off)
VR104-111 Ll e . (8off) (1558 may be used)
\. _J

HEX DISPLAY OPTION

This option displays the HEX value of the data byte
corresponding to the base memory address selected on the
ADDRESS display, on two 7-segment displays. The HEX
characters are displayed as shown in Fig. 3.8. The 7-
segment displays should have already been fitted to the
front panel p.c.b.

HOW IT WORKS

Fig. 3.9 shows the circuit. Incoming data is latched in
1C201 by the LD input from the oscilloscope option via
IC205C. If the oscilloscope option is not fitted, then as ex-
plained in Part 1, the latch is always disabled (i.e. unlatched].
The output of the latch is connected to 1C202 which is a
quad 2-line-to-1-line multiplexer. The output lines A, B, C or
D are either connected to D@-D3 or D4-D7, depending on
the S input. This input is derived from 1C205d and 1C207,
which is configured as a 100Hz oscillator. The oscillator
allows the multiplexing of the data to the displays, minimis-
ing the HEX decoding circuitry and the connections between
the option board and the front panel p.c.b. Multiplexing is
achieved by TR201 and TR202 switching on alternately and
hence enabling each display in turn. The selected 4 bits are
decoded into 7-segment format by C203. This i.c. decodes
the values 0-9. IC204c and IC205b detect when the value
is greater than 9 and when this is the case, enables IC203's
lamp test facility and enables 1C206. 1IC203 was chosen
because it displays a complete “6", compared to the more
common 7447 which has the tail missing. It is therefore
easy to differentiate between a "'6'' and a “b"’ corresponding
to the HEX “B". To explain how the display works, we will
consider an example, say a “1". To display a 1", outputs b

56

and c of IC203 will be high (off), allowing current to flow via
R208 and R207 through the b and ¢ segments to the com-
mon cathode. All other outputs will be low {on), shorting out
the segments, so they do not light. When the lamp test
facility is enabled, all outputs are off, allowing all segments
to light. However, 1C206 detodes the 3 bit binary input to 1-
of-6 lines and the selected line, buffered by 1C208, blanks
the not-required segments via the diode matrix, leaving the
corresponding HEX character lit.

CONSTRUCTION

Once again, construction follows the previous procedures.
Refer to Fig. 3.12 for the component overlay. The board is
fitted to the main p.c.b. with stand-off pillars and is connec-
ted to the front panel p.c.b. via a 14 way ribbon cable, with
headers connected such that the pin numbers correspond 1
to 1. There is no setting up required and testing is done as
described below.

FINAL TESTING

Set up a word on the word recogniser switches and select
WORD trigger, POST trigger and SYNCH clock. Select CQ1
and CQ2 to "dont care” and CQ3 to O. Connect up the test
circuit in Fig. 3.7, leaving the qualifiers open. ARM the unit
and switch the CQ3 switch to “dont care”. The analyser will

I Iy O Iy O N I A I
[ A S N R I R (N N Y O I A Y A |
0 1 2 3 4 5 6 7 8 9 A B C D E F
Fig. 3.8. Hex character display
Practical Electronics October 1983
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Fig. 3.9. Hex option circuit diagram

\_ J
- N\ capiure the counter’s output. Now check that the HEX dis-
co MPON ENTS play corresponds to the chosen trigger word (on the
e o . switches) and that the left hand byte displayed on the os-
cilloscope also corresponds. {If only one of the options is fit-
HEX DISPLAY OPTION ted, then obviously it is only necessary to check that option.)
y Repeat the procedure with PRE and CENTRE triggering. Ac-
Resistors tivating the UP/DOWN switch should cause the HEX display
R201 Tk to increment or decrement between 00 and 99. (The 7430
258:23-209 ;ggk(_’ off) is' a decimal counter, therefore no HEX gharacters will be
R210.R211 10K (2 off) displayed.) The waveforms on the scope display should also
move to the left or right. Switch off the analyser and switch
Capacitors on again. The memory will contain random data. Scan up the
C201-203 100n/16V tant. (3 off) memory and check that the HEX characters are correctly dis-
played. Finally, check that MANUAL and EXT trigger (by ap-
Transistors & Diodes plying an external signal, positive and negative edge selec-
D201-213 1N4 148 (13 off) ted} work and that the clock qualifiers work. If the -option(s}
TR201,TR202 BC108 (2 off) and the unit wark satisfactorily, the power supply wiring can
be neatly finished off. The fuse is mounted on the back panel
Integrated Circuits and remember to twist the mains wire going to the ON/OFF
1C201 74100 switch to reduce noise radiation. The analyser is now ready.
1C202 74LS157
1C203 7415248 NEXT MONTH: Z-Mod and Internal Clock Options.
1C204 74LS32
1C205 74LS00
1C206 74LS155
1C207 75565
1C208 7407 NOTE . ..
‘ Fig. 1.6, the Main p.c.b. circuit schematic (August issue) should
Miscellaneous be corrected to show a link between pins 3 and 4 of IC32 and
Soldercon i.c. socket strips pin 5 of 1C30.
SK3b can be a 14-pini.c. socket
\ _J
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Fig. 3.10. Hex option p.c.b. track (track-side)
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Fig. 3.11. Hex option p.c.b. track (component-side)
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Fig. 3.12. Hex option component layout (actual size)

ELECTRONIC
HOBBIESFAIR

Alexandra Palace, London — October 27-30, 1983

We are sorry to announce the cancellation of this
year’'s Electronic Hobbies Fair, planned for 27th-30th
October.

In spite of a significant success last year, the con-
tinuing recession is hitting the electronics hobby in-
dustry pretty hard. This has meant that many
companies feel that this year they cannot sensibly
allocate the resources of time, money and manpower
involved in participation in exhibitions.

We feel that any exhibition sponsored by PE must
offer the visitor a full range of components, equip-

Practical Electronics October 1983

ment, projects and demonstrations from a wide selec-
tion of companies across the industry. As we cannot
be absolutely sure of doing just this, we have decided,
with regret, that we must disappoint our readers now
rather than in October. Practical Electronics would like
to thank those companies who had undertaken to sup-
port the Electronic Hobbies Fair this year. With our
apologies for the disruption of their plans we combine
our hopes for a future event in a more buoyant
business climate.
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INCE the invention of a means of permanently recording an

image made by “painting with light”, photography still re-
quires the same techniques as it did 150 years ago. There has
always been a light tight box or camera and there has always
been a pinhole or optical lens to form an image.

At first the image was copied by hand, a small portable
camera being a popular means of sketching tourist views for the
non-artistic traveller. When light sensitive emulsions were dis-
covered, photography as we know it was made possible. Over
the years the sensitivity of film emulsion has been improved, the
optical performance of lenses and the method of varying and
controlling the amount of light reaching the film, with some form:
of aperture and shutter arrangement, has been the subject of
continual invention.

The actual method of exposing the film for a particular length
of time has always been mechanical, clockwork gear trains or
pneumatic systems, subject to variation and failure and requir-
ing expensive and precision maintenance. When electronic con-
trol of these functions was introduced, it was without doubt one
of the most important fundamental developments in the techni:
ques of practical photography.

ELECTRONIC CONTROL

The huge “snap-shot” market was the first to benefit from
electronic control, not only in the camera at the taking stage
(which shall be dealt with later) but in the developing and
printing of vast quantities of amateur colour negative films in
35mm, 126, 110 and Disc formats.

Meticulous attention to processing standards at the
laboratory is required, to ensure acceptable quality prints at
economical prices. To try to achieve adequate control by
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manual means is impossible due to time/cost considerations in a
mass market.

The films are developed in automatic sequence where time,
temperature and replenishment of used chemicals is strictly
monitored. After development, the films, either in individual,
short lengths or joined together on a continuous spqol, are prin-
ted on to roll paper which is processed and cut into single prints.

The laboratory printers used for this work can be either:

A. Fully automatic,

B. Partly automatic, where the operator can override
or modify the function.

C. Manual.

Amateur developing and printing is always automatically
printed. A typical standard subject, based on the holiday view or
group picture on a particular type of mass sale film, like
Kodacolor II with C41 process, is programmed into the printer,
which adjusts the function to compensate for any variables in
the subject lighting and exposure.

OPERATING THEORY

The operating theory, established by Kodak in 1946, depends
on the premise that most colour photographs can be integrated
or scrambled to a standard grey. If a full colour image is projec-
ted onto a screen through a diffuser, the mixture of coloured
light will produce the same effect on the screen irrespective of
the content of the picture, assuming that the picture is a typical
standard subject. If the picture is untypical, i.e. a white seagull
against a blue sky, or a white cat on a red rug, the printer must
have manual correction or sophisticated programme memory
systems to estimate the required compensation.
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Laboratory printers for the more exacting market of
professional photographers are usually automatic with manual
operator override. The film is handled in short strips, say three
241" square negatives; these are numbered and test printed,
checked and printed again with any required correction. These
printers are capable of handling roll paper in a range of widths
and format, the size being selected and set up prior to batch
printing.

High-speed laboratory printer

The working principle of all printers for colour negative and
reversal film material, is based on the theory that white light is
composed of Blue, Green and Red light in equal amounts.

PRINTING

All colour film and paper has three layers of emulsion sen-
sitive to Blue, Green and Red light respectively and can record
any colour in the original subject by mixing different proportions
of any two.

A colour printer, therefore, must have the facility to adjust the
colour of light used to project the image onto the paper.

There are two basic printing methods,

Additive Printing where three consecutive exposures are
made first through a Blue filter

then through a Green filter

then through a Red filter,

different times of exposure through each will give in total
an infinitely adjustable colour result.

Subtractive Printing (or white light) where one exposure is
made through a pack of filters of complementary colours.
Yellow filters to absorb Blue light

Magenta filters to absorb Green light

Cyan filters to absorb Red light

varying the densities of any two of these filter colours will
again give an infinitely adjustable result.

All printers and enlargers for colour, either negative or rever-
sal, operate on variants of the two basic systems.
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As distinct from laboratory printers operating in a mass
quantity market, enlargers are used for the independent printing
of negative and slide originals onto sheets of paper in a wide
range of sizes and surface finishes. Individual treatment,
shading, masking and local correction and optical distortion
control, to correct for camera angle errors, can be done during
the printing process.

PRINT ANALYSIS

The correct combination of exposure times through the BGR
filters in the case of additive enlargers and the exposure and filter
densities in the case of subtractive, can be arrived at by a series
of test prints, which can be wasteful of time and materials. To
overcome these problems analysers are used, programmed to a
standard subject. To illustrate the operation of an analyser we
will look at the Durst CM300, a sophisticated home darkroom
electronic analyser and timer. When used in conjunction with a
colour head enlarger fitted with “dial in” dichroic filters the
printing filter settings and exposure are quickly established, to a
set programme.

To calibrate the unit, a negative is selected having a good dis-
tribution of colour, a market place or fairground shot is usually
ideal, the negative should be of normal density and correctly
processed.

The negative is test printed until a satisfactory result is ob-
tained.

The analyser is then programmed. With the enlarger set exac-
tly as for the test print, filters, lens aperture and magnification,
the analyser probe is placed on the baseboard under the lens.
The slide on the probe is moved until the l.e.d. on the cyan chan-
nel lights and the calibration knob is adjusted until the two l.e.d.s
come on together. The process is then repeated for magenta and
yellow.

Any other negative of a similar type can be focused to a par-
ticular size, the probe placed on the baseboard and the filters ad-
justed in turn to light the two l.e.d.s together on each channel.

The Durst CM300 analyser measures the colour and
density of colour negatives and directly controls the
exposure procedure of the enlarger
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Durst AC650 enlarger

For a portrait negative a print can be made by test and the
analyser can be programmed by placing the probe (without the
diffuser) on part of the face projected on the baseboard and
calibrated as before. This will be for a typical skin tone and will
yield an identical colour and tone in future prints irrespective of
the background colour. The unit can be used for exposure deter-
mination for slides and black and white printing and as a basic
exposure timer.

All analysers and computers for colour printing, work on the
same principle irrespective of the manufacturers’ operating
sequence and attempt to provide guidance on optimum printing
conditions for any negative, but the successful interpretation and
use still depends to a large extent on the skill of the operator. To
cater for different combinations of film and paper batch, some
analysers have switchable memory banks or plug in modules for
any number of calibration programmes,

STAGE TIMING

The accuracy and repeatability of electronic control has
enabled a number of darkroom aids to be designed, one of which
is the Nocon timer, an interesting electronic timer with program-
mable memory.

When making a test strip for exposure determination either in
black and white or colour, it is necessary to make a series of
time stages, maybe 2,4,6,8,10,12, seconds or a doubling up
range like 2,4,8,16,32, seconds. A laborious technique subject to
errors of repetition. The final print as a result of information ob-
tained from the test, may require a different exposure in certain
areas and it is usual to make & careful note of these times and
aim to work to them for the finished print. With the Nocon
timer, the basic exposure, say 10 seconds, can be entered on the
display panel, five keys can select 0—59 minutes, 0—59 seconds
and 0—-9 seconds. A panel of 20 keys each with its own l.e.d.,
can be selected to give under or over the basic 10 seconds in
terms of aperture /'stops and 4 /stops to give a range of up to 21
evenly spaced exposures. The correct exposures for different
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areas of the print can be entered into the memory and can be
repeated any number of times, exactly the same.

LEVEL PEGGING

The relative merits of additive versus subtractive colour
printing systems have been expounded for a number of years
without any real evidence of either’s superiority. Most enlarger
manufacturers use the subtractive system for manual enlargers,
where the colour of the light projecting the negative, or positive
image, is adjusted by means of a complementary filter pack, of
gelatine or resin filters, or dial in fade free dichroic filters, using
one exposure.

The Philips Tri-one colour -enlarger uses a system which is a
single exposure, as in the subtractive method, but a single ex-
posure from three separate bulbs, one with a blue filter, one with
green and one with red. The colour of the resulting mixture of
light is varied by adjusting the intensity of each bulb, infinite
control is thus obtained. The Durst AC650 is intended to give
the advanced amateur and professional photographer an
enlarger with the characteristics of a laboratory printer, with the
ability to constantly vary the size of print and selectively com-
pose the final result. A tungsten halogen bulb provides the
illumination for 35mm and 6 x 6cm negatives and slides.
Exposure is made by three consecutive exposures, each one
timed automatically.

All the necessary colour and density measurements are
carried out automatically once the photocells have recorded the
correct amount of light for each colour.

However, the unit carries four control knobs for calibration to
the standard negative and for personal manual override.

All automatic printing systems are subject to failure due to
the inconsistency of the negative. Where there is a variation in
density either through a negative process fault or wide change in
the magnification, a reciprocity fault can occur. Each batch of
paper has its own characteristics and the three layers of emul-
sion can be different in their response to over and under ex-
posure, ideally, the photocell and filter response would match
the sensitivity of the three emulsion layers, but in practice a shift
occurs in both colour and density because of variations in the
three characteristic curves. Special provision must be made in
automatic printers to allow for this error and the adjustment
is known as the slope control.

SLOPE CONTROL

For the mass market printer the slope control must be auto-
matic without operator intervention. If it is found that the shift is
toward green from an over exposed negative and toward its
complementary, magenta, with an under exposed negative, a
proportional reduction in the green exposure is required for un-
der exposed negatives and an increase in the green exposure for
over exposed negatives. In each channel adjustable response is
provided, in series with the integrating condenser the photocell
will read a “thinner than normal” negative and proportionately
vary the green exposure.

An analyser used with an enlarger is subject to user override
and the operator will make an allowance for thin or very heavy
negatives and for larger or smaller degrees of magnification after
normal analysis.

EQUIPMENT OPTIONS

Laboratory printers are now available in a wide range of
specifications in both additive and subtractive variants. Mainly
to cater for the professional photographer, there are package
printers which analyse and simultaneously, through a cluster of
lenses, produce a set of prints of different sizes, perhaps 1 @ 8x
6,2 @ 5 x 4,4 @ 3 x 2, all exactly matched for colour. Also in
the laboratories catering for the professional photographer, par-
ticularly in wedding and portrait work where a consistently high
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With the cover removed the extensive use of elec-
tronic control in the AC650 can be seen

standard of printing is required at reasonable prices, methods to
avoid the reprint of unsatisfactory prints are in demand.

Video systems enable the operator to view the negative rever-
sed in values to a correct colour image on the screen, the image
is compared to a correct standard alongside, the colour balance
is automatically assessed and fine tuned manually. The printing
values are entered and produce a readout on punched tape or
magnetic retrieval systems, this data with the negative is passed
to the printer and high quality “one off” prints are produced.
This method with moderate quantity production is not suitable
for the mass market.

In general the printing of slides usually involves the making of
an “interneg”, so that the prints can then be made on automatic
printers with other negatives. Slides can be printed on enlargers,
with selective control and composition and many laboratories
offer this service, which is well within the scope also of the home

darkroom. In the home the colour can be balanced visually and
the exposure established by a meter or the exposure channel of
an analyser.

Successful photography depends to a large extent on accurate
standardisation. Exposure of the film in the camera is critical if a
high quality negative or transparency is to be produced. A
professional photographer should have the skill to measure and
judge the infinite variety of the effects of light and get his ex-
posures correct; an amateur, who may only use his camera on
holidays and occasionally at special events, will not have the ex-
perience and get very uneven results so it is in this area where
automatic camera exposure control is very beneficial.

A simple meter system measuring the whole of the image area
can produce very good results and more sophisticated camera
exposure controls, measuring the centre of the image, an area
around the centre and the outside edges and calculating the
overall average. As the main subject is probably around the cen-
tre of the frame the method can hardly be faulted.

Standardisation in processing the film and printing the
resulting negative is absolutely vital. Electronic control of
process temperature and time and control of chemical replenish-
ment, together with the programmed analysis of printers and
enlargers, has revolutionised the practice of photography as it
has been known since its invention, replacing years of experience
and trial and error, with accurate, predictable and repeatable
results, leaving the photographer free to concentrate on the pic-
ture composition.

LOOKING AHEAD

The future of silver based photography is now challenged by
electronic image recording. Video has largely replaced home
cine and an increasing amount of professional work and will un-
doubtedly produce an alternative means of recording family
events, holidays and the snap shot.

The attraction of taking pictures, either still or cine, and then
seeing the results on the domestic television must be obvious.
There is still, however, the problem of producing a high quality
print from a video image comparable to that obtained from the
traditional silver base film. ®

PE SPECIAL CASSETTES OFFER

Over the last couple of years PE offers arranged with Videotone
have proved highly successful and we have now been able to
arrange special prices (only available to PE readers) on these high
quality tapes. The offer is a result of Videotone's direct selling
policy; send in a current special PE coupon for prompt delivery.

e e e = —

...... p each (90p tor 5 to 24

Please send me ....... CRQ2 C60 Audio cassettes at
80p for 25 or more; including VAT and postage).
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I
I
I
I
L
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Please send me . CRO2 C90 Audio cassettes at ...... p each (115p for 5 to 24,
106p for 25 or more; including VAT and postage).

3 Please send me C90LH Audio tapes at ...... p each. (66p for 5 to 24, 53p for

§ 25 or more; including VAT & postage.)

; I enclose cheque/POfor € .............c.cooviiiinne. No.........

-
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{or one month later for overseas readers)

We believe these tapes are excellent value and we are
pleased to offer them to readers. They are covered by a money back
guarantee {return within 21 days for refund). Not only are the tapes
of high quality but the cassettes are of screw together construction
and the case labels have space for notes on the recordings.

CHROME C60 & C90

CRO02 C60 CASSETTES

90p each (minimum of 5); 80p each
{minimum of 25)

CR02 C90 CASSETTES

115p each (minimum of 5}; 105p each
| {minimum of 25)

| FERRIC C90 AUDIO

C90LH CASSETTES
| 56p each (minimum of 5); 53p each
l (minimum of 25).

' Send valid coupon to:
Videotone Ltd., 98 Crofton Park Road,
Crofton Park, London SE4.
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AROUND £17

ALLING prices of the Commodore VIC 20 home computér

have outpaced the prices of expansion packs, which,
perhaps due to the high price of 2K RAMs, remain beyond
the pocket of many home programmers. However, for the
hobbyist constructor, an 8K static RAM card can be made
for around £17, a considerable saving over the normal price
of approximately £45.

Included in this series of articles is an 8K RAM pack,
which uses 4x6116 2K CMOS static RAM, an 8K ROM
board, which can accommodate a single 2716 EPROM, a
single 2632 EPROM, 2x2532 EPROMS, or one 2532 and
one 2716 EPROM. A simple modification to the 8K RAM
board enables it to be converted into a 3K RAM card with
provision for 4K of RAM. Finally, there is a mother board
capable of holding 3 cards vertically plus a horizontal socket
for further extension. An independent power supply can be
added to the mother board at any time.

All boards are constructed on double sided fibreglass
laminate and are designed so that a minimum of lines on the
top (component) side of the board make through plating un-
necessary.

An EPROM programmer and other interfaces designed
specially for the VIC 20 are being prepared in this series.
{(We expect these to include a stepper motor controller for
robotics, DAC/ADC board, and an l.e.d./switches simulator
1/O control port for designers.}

ADAPTABILITY TO OTHER SYSTEMS

Since decoding is carried out on the individual cards, the
only problem in direct interfacing with other systems is the
arrangement of Data, Address, R/W, Enable and power lines
on the edge connector, and the physical spacing of the seg-
ments. This can be easily overcome, by preparing a suitable
connector on a ribbon cable harness.
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PART ONE

SAM W

THE 8K RAM BOARD

The 8K RAM board (Fig. 1.1) has provision for 4x24 pin
devices laid side by side to facilitate paralleling of Data and
Address lines. All of this is carried out on the under side of
the board. Address lines AO to A10 are taken directly to the
edge connectors, whilst At1 and A12 are taken from the up-
per surface of the board using through-the-board link pins.
Similarly, the +5V rail is distributed to all devices after
transfer from the upper surface via a link pin. The ground rail
appears on both sides of the board, interconnected by the
—ve leads of decoupling capacitors C1 and C2.

Data lines DO to D7 are taken directly to the edge connec-
tors on the upper surface of the board from the adjacent 2K
RAM IC4. The RMW is taken from pin 21 (WE) of IC1 to edge
connector 17 and Pin 20 (OE) of IC1 is taken to ground. As
stated earlier, these lines are paralleled on the under side of
the board.

Pin 18 (CE) of IC1 to {C4 are decoded by one half of IC5, a
74LS139, | of 4 decoder. Data Select A and B from this
device are taken to A11 and A12 respectively on the lower
side of the board with link pins. Pin 13 (EN) of this device is
taken to RAM blocks 1, 2 or 3, selected by a suitably placed
blob of solder on the pads provided.

C1 and C2 are 330nF tantalum bead capacitors used for
decoupling. The values are not critical, physical size being
the more important. 10nF ceramic discs would probably
provide sufficient noise suppression.

The 6116 CMQS RAM has the advantage of a very low
operating current, avoiding the need for an additional power
supply. Also, if 100k pull down resistors are soldered be-
tween the address lines and ground, the quiescent current is
as low as 2pA, enabling a 2.4V back-up battery pack
(2x1-2V nicads or 2x1-5V penlight) to be installed between
the +5V rail and ground, to maintain programs during
switch-off time.

CONSTRUCTION

4x6116, 150ns CMOS 2K Static RAMs are used fori.C.s
1 to 4 and itis therefore advisable to use sockets. Unless the
constructor is a real novice IC5, being TTL, can be safely
soldered directly on the board, Pins 8 to 15 on the upper sur-
face and Pins 8 and 16 on the under side. See Fig. 1.4.

The socket of {C4 should be mounted first, because it has
pins to be soldered on both edges. Do not insert the sockets
fully, but leave sufficient clearance to enable a fine soldering
tip to touch the pins from the upper surface of the board.
Having done this, tack the socket in position by soldering the
corner pins on the lower side of the board. After soldering
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1C2

1C5

Fig. 1.4. RAM board
component layout {(ac-
% tual size). It s
suggested that solder-
con pins (or RS socket
strips) be used as i.c.
holders, to simplify
component-side solder-
ing. Not all constructors
will share the author’'s
skill at soldering near
the ‘‘underbelly’’ of
plastic i.c. sockets—Ed.

b

NOTE: Whilst using

¥ B aan - the “Super-Expander”

: alone, VIC 20 BASIC
88 0 ignores it when extra

o

COMPONENTS. ..

8K RAM BOARD

Capacitors

C1,C2 330n tant. bead (2 off)
Integrated Circuits

1IC1-4 6116 CMQOS 2K Static RAM (4 off)

IC5 74LS139 1-0of-4 decoder
Miscellaneous

Integrated circuit sockets
Printed circuit board*

\ J

Pins 9 to 18 (inclusive) on the upper surface of the board
check that there are no bad joints before proceeding to IC3.
This is best done by inserting an old 24 pin device in the
socket and checking continuity with a multimeter.

Next insert |C3 socket where only Pins 12 and 18 have to
be soldered on the upper surface. IC2 socket is the same.
IC1 socket has to be soldered on Pins 12, 18,20 and 21. As
these are all clear of the previously mounted sockets this
presents no difficulty. if the pins on the underside of the
board were not soldered previously, solder them now.

The CMOS RAMs should be handled with care and it is
worthwhile inserting an old 24 pin device into the sockets,
not only for continuity checking, but also to “break-in"” the
socket and avoid risking bending the pins of the RAMs.

C1 and C2, together with the through-the-board links, are
soldered in place before inserting the RAMs.

It is time well spent to check all solder joints before using
the board on the computer. In_particular, check that there.is
no short between +5V and ground.

66

RAM blocks are added.
It may, however, be
used for m/c routines.

CONVERTING THE 8K RAM BOARD TO 3K RAM
PLUS 4K ROM (SUPER-EXPANDER)

Having designed an 8K RAM board it became obvious
that at some time it would be desirable to fill in the 3K
memory gap at location 0400Hex. Because of its pin com-
patibility with the 6118 first consideration was given to the
use of the 4118A static RAM. At first it was decided to
modify the 8K RAM board by eliminating one socket and the
decoder. Then the possibility of using the 4th socket as a 4K
ROM socket was considered. Since all Data and Address
lines are shared and the 4118A and 2532 are also compat-
ible a further look was taken at the 8K RAM board to realise
that very few modifications were necessary in order to use
the same board for both purposes.

The only pin connections which differ are 18, 19, 20 and
21. For the 3x4118 RAMs Pin 21 (WE) remain in parallel
and connected to edge connector 17, whilst the track was
cut under the board at IC4 and a small link made between
Pin 21 and Pin 24 on the upper surface to tie Vpp to +5V.
Pin 20 (OE) on the 3x4118A RAMs remain in parallel and
tied to ground, Pin 20 on' IC4 once more being isolated by
cutting the track under the board. Pin 20 of the 2532 is the
CE and a short insulated lead is taken from this pin to Block
select 3 or 5. As there is no internal connection at Pin 19 of
the 4118A it was decided to leave the existing line connected
in parallel as A10 is required by the 2532. Pins 18 {CE) of
the 4118A RAMs are taken individually to RAM 1, 2, and 3 at
edge connectors 16, 15 and 14. Use is made of the pads of
the decoder i.c. to keep leads short and neat. Pin 18 of C4,
2532 ROM is also taken from the pad of the decoder i.c. and
the link pad formerly used as a through-the-board link to
A11 on the lower side of the board.

For ‘the hobbyist who produces his own printed circuit
boards this eliminates a considerable amount of work re-
quired in producing a new set of double sided board masks.
It is suggested that provision should be made for this
modification when preparing the 8K RAM board mask, i.e.
provide pads over edge connectors 13 to 16 and a
provisional line from Pin 20 of IC4 terminating in a pad by
the side of Data 7.
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8K ROM BOARD

The ROM board (Figs. 1.5 and 1.8) is arranged in a similar
manner to the 8K RAM board, having 2 x 24 pin devices
laid side by side. All pins are paralleled on the under side
with the exception of Pins 24 (+5V) and Pins 21 (A11),
which are tied to +5V on the upper side and Pins 20 (OE),
which are decoded by IC3, a 74LS00 Quad 2 Input NAND
Gate. As with the RAM board, all Data and Address lines are
taken directly to the edge connectors, A12 being taken to
Pins 1,2, and 13 of IC3.

The ground rail is on the lower side of the board, but is
taken from Pin 12 of IC1 on the upper side of the board to
supply ground for IC3. The +5V rail is on the upper side of
the board. C1, a 100nF ceramic disc, supplies sufficient
noise suppression and is connected to the +5V rail via a
through the board link pin.

If sockets are to be used, it is advisable to insert and
solder Socket 1 first, leaving sufficient clearance for a fine
soldering iron tip as with the RAM board. An insulated wire
link selects ROM Block 3 or 5.

ROM is normally located in memory at AOOOHex for ROM
Block 5, or 6000Hex for RAM/ROM Block 3. If the latter
arrangement is chosen, IC1 is located at 6000Hex and IC2
at 7000Hex. Referring again to the schematic diagram it will
be seen that when A12 is low OE of ROM 1 is low and
therefore active. OE of ROM 2 would be high and would not
be selected. Inversely, when A12 is high, OE of ROM 2 is
low and would be active, whilst OE of ROM 1 would be high
and not selected. Blocks are always active low. Unlike the
RAM used by BASIC, the ROM memory locations do not
have to be one continuous program, but can be 2 or more
separate functional routines that can be called from BASIC
or machine code. Whilst a 2532 would normally occupy
each socket, there is nothing to prevent a 2716 being used
to provide programs from 6000Hex to 6 7FFHex or 7000Hex
to 77FFHex.
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Fig. 1.6. ROM board p.c.b. (track-side}
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Fig. 1.7. ROM board p.c.b. (component-side)
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Fig. 1.8. ROM board component layout (actual size)

Practical Electronics



THE MOTHER BOARD

The Mother Board (Fig. 1.11) described here holds 3
boards vertically and a socket is provided for further horizon-
tal expansion. Unused lines have been omitted, but it will be
necessary to drill holes if sockets are to be used.

On the prototype, the first positions were used for RAM
Blocks 1 and 2, memory locations 2000Hex and 4000Hex.
The third position was taken by a 2 x 4K ROM Board, cover-
ing memory location 6000Hex at RAM/ROM Block 3. The
lower 4K of the latter was used for the VICROM Machine
Code Monitor, leaving the section 7000Hex to 77FFHex free
for user Machine Code programs.

Since these boards were intended for regular use they
were soldered directly to the Mother Board, with wires, sav-
ing the cost of sockets and leaving the rear horizontal socket
for such applications as games cartridges.

Construction presented no difficulties, but it should be ob-
served that boards or sockets should be mounted starting
from the rear position first. This is because the mounting
pads for the top lines are towards the front and should not
be obstructed. Additional pads are provided on the lower
surface for extra support for these pins. Sockets should, of
course, be mounted slightly proud of the board to permit ap-
plication of solder on the top pads.

The sockets required are 0-156 inch, or 4mm spacing and
are 2 x 22.

COMPONENTS. ..

MOTHER BOARD

Miscellaneous
Edge connectors: 0-156in. (4mm) 2 x 22 contact
Printed circuit board

Constructors’ Note
Edge connectors to suit (and most components) are
available from Watford Electronics.
* If p.c.b.s are found to be unavailable from PE’s usual
suppliers, they may be obtained from Meridan Ltd., {

0639 898277.

L :

Fig. 1.9. Mother Board p.c.b. (track-side)
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Fig. 1.10. Mother Board p.c.b. {component-side)
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Fig. 1.11. Mother Board component layout {actual size)
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P.E. LOGIC TUTOR

B gic Tutor — a specifically designed test bed needed for
the practncal side of the 8 part series Introduction to Di
Oct 83 issue. Educational series recommended by Bl

OUR KIT INCLUDES ALL OF THESE TOP QUALITY ITEMS:- Resistors, capacitors,
LEDs, semiconductors, IC sockets, connector strips, switches. roller tinned & drilled
pcb with screen printing, & plug In power supply/mains adaptor. PLUS A FREE
COPY OF OUR CATALOGUE & PRICE LIST. PE LOGIC TUTOR KIT £29.98 INC VAT.
P&P 50p. Send now for fast delivery. Reprints of previously published parts 50p
each. OFFICIAL SCHOOL/COLLEGE ORDERS WELCOME.

gnal Electronics’ - in PE from

P.E. KITS - P.E. KITS-P.E.KITS - P.E. |P.E. PCBs AVAILABLE SEPARATELV
Full kits inc pcbs, hardware, cases | Program Conditioner June 83

{(unless stated) etc. Automobile Test Set May 83 B 47
Reprints 50p each extra Mains Watchdog May 83 ... .£2.07
Program Conditioner June 83 ....£16.98 | Personal Stereo Amp May 83 . £454
Automobile Test Set May 83 .£32.56 | Switched Capacitance Phaser Apr 83226
Mains Watchdog May ...£14.47 | Mini Chorus Unit Oct 82 .£2.85
Battery Tester Apr 83 .. £1255 | Prescaler & Freq Meter May 82 3) .£2.80
Wiper Delay Apr 83 (less relay) .£7.44 | Function Generator May 82 .£3.58

MAGENTA ELECTRONICS LTD

PE4, 135 Hunter St, Burton-on-Trent
Sla DE14 2ST. Mail Order Only
{0283)'65435. SAE. enquiries.

Add 50p p&p to all orders. Prices
include VAT. Access & Visa phone/post

Official school orders welcome.
OVERSEAS : Payment must be in sterllng
IRISH REPUBLIC + BFPO — UK PRICES.
EUROPE: UK PRICES + 10%.
ELSEWHERE: WRITE FOR QUOTE.

Modem Kit
Only £39.95

CCITT standard

300 baud full duplex

Direct connection:- greatly reduces data loss associated with
acoustic couplers

Powered from phone lines therefore no power supply
required

Opto coupled data in and data out for intrinsically safe
operation

Build it yourself for £39.95 including VAT and postage (note -
case not included).

Racom Ltd, Dept. C,

81 Choimeley Road, Reading, Berks RG1 3LY
Tel: 0734 67027

PLEASE ALLOW 14 DAYS FOR DELIVERY

METEOR 1000 (1GH2)

) I /] Designed and
manufactured
in Britain.

NOW WHILE STOCKS LAST!

TRANSFORMERS British made transformers at very attractive prices.

£184.57

Primary  Secondary Current 1+ 10+ 100+
240v: 45045v 400m/a 50p 45p 35p
240v: 6-0-6v 100m/a S8p 52p 43p

X 240v: 6-0-6v 500m/a 65p 60p 48p
{Postage & Packing: 45p per transformer or £1.60 per 10,
These very high quality British made two pin European 4.50 per 100/
adaptors are ideal for driving Radios, cassette recorders, EUROPEAN
TV games, calculators etc. The adaptors fit in the UK

ADAPTORS
shaver socket. .
REF D.C. Voitage Current 1+ 10+ 100+
EOB 4.5V 200m/a 50p 45p 32p
EM3 [\ 200m/a £1.00 80p 55p
EO9 6V 400m/a £1.50 £1.25 85p
{Postage & Packing: 45p per adaptor or £1.60 per 10,

FREQUENCY COUNTERS

The brand new Meteor series of 8-digit Frequency Counters offer the lowest cost professional performance available anywhere.

* Measuring typically 2Hz — 1.2GHz * Low Pass Filter

%  Sensitivity <50mV at 1GHz * Battery or Mains

+ Setability 0.5ppm * Factory Calibrated

* High Accuracy * 1-Year Guarantee

« 3 Gate Times % 0.5 easy to read L.E.D. Display
PRICES (Inc, adaptoricharger. P & P and VAT)

METEOR 100 (100MHz) £104.07 lllustrated colour brochure
METEOR 600 {600MHz) £133.97 with technical specification

and prices available on request.

Black#Star

£4.50 per 100)

Send now for our latest catalogue, 35p plus 30p P+P.
Over 72 pages packed with complete range of com-
ponents. Includes Special Offer Iist, order form and pre-
paid envelope. Please add 15% VAT to the above prices.

MARCO TRADING, DEPT. PE10
THE MALTINGS, HIGH STREET, WEM. SHROPSHIRE, Sfl SEN, /&
All orders despaiched by renumn of mail. Tel: (0939) 32763

-
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ORIC AND SINCLAIR COMPUTERS

Oric | 48K computer £147 ((‘tlsa) Oric |
16K £86.91 (£107). Oric Colour Printer
£139 (€159). Sinclair Spectrum 48K &113
(€133). Spectrum 16K £86.91 (€107). 32K
memory upgrade kit for 16K Spectrum (ls-
sue 2 only) £26.09 (£28). Fuller master
unit for the Spectrum including speech syn-
thesizer. sound synthesizer, am lifier and
joystick ports £47.78 (£56). ZX micro-
drive n/a (nfa). ZX rs232 nfa (n/a).
Keyboards with space bars for the ZX8I|
and the Spectrum £36 (€41). ZX printer
£34.74 (£50). S printer rolls €10.43 {€18).
ZX81 €43.43 (€52). ZX8! 16K ram packs
£26.04 (€28). New luxury spectrum com-
puters 48K with full sized typewriter key-
boards complete with normal space bar
enclosed In a larger plastic case which also
houses the power supply and the computer
pcb £138.20 (€174).

COMMODORE COMPUTERS
Commodore 64 £199 (£209). Special offer
ackage:~ Vic 20 + cassette recorder +
Easi: course + 4 games £121 (£149} Con-
vertor to allow the use of most ardinary
mono cassette recorders with the Vic 20
and the Commodore 64 built £8 (£9), kit
€6 (£7). Commodore cassette recorder
£36.50 (£44). 1541 Disc drive €199
(€209). 1525 Printer €200 ({228). We
stock most accessories

OTHER COMPUTERS

32K expanded Colour Genie £146 (£1686).
BBC Model B £424 (£440). Texas Ti99/
4A €139 (£169). Atari 800 £347 (£380).
Atari 400 16K with basic £173 (£215).

PRINTERS

-

iy

3
\

New €pson RX80 £279 (£309). The Epson
MX80FT/3 has been replaced by the ai-
most 1dentical CTI CP80 £251 (€271) and
the very simitar Star DP5I0 £251 (£271).
Epson FXB80 £378 (£408). Epson MX100/3
€425 (£465). New Star DPSIS 1S car-
riage printer €346 (£386). Seikosha
GPI00A €199 (£219). Oki Microline 80
£207 (€227). Oki Microline B2A £360
(£400). Oki Microline 84 £730. Oki Micro-
line 92 £470. The Silver Reed, the latest
miracle. 2 combined daisy wheel printer
and electric typewriter for only €385
(£425) Jula 6100 proportional daisy wheei
printer 364 (£404). MCP40 colour print-
er £139 (C159). Star STX80 thermal print-
er £139 (€159). We can supply interfaces
to run all the above from Sharp computers.

SWANLEY ELECTRONICS

Dept PE, 32 Goldsel Rd., Swanley, Kent BR8 8EZ, England.

Tel: Swanley (0322) 64851 Please allow 7 days for delivery.
UK prices are shown first UK customers must add postage (€1 on Sinclair products, £3.50 on other
computers and disc drives and £4.50 on other printers) and the |5% VAT. The bracketed prices
are European export prices and include insured airmail postage to all the countries of Europe
including Norway, Sweden, Finland, Denmork, Spain and ltaly. No VAT should be added to export
prices. We are the leading computer export specialist ond will be happy to quote prices for
overseas delivery both inside and outside Europe. Officiol UK credit orders weicome from

government laboratories, schools, universities and local authorities

HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

BLACK STAR LTD. 9A Crown Street, St.lves,
Huntingdon. Cambs, PE17 4EB. England.

Tel: (0480) 62440 Telex: 32339

"BECOME A
(RADIOAMATEUR /|

l Name . . . ... ... e
I Address .. .. ... .........
L R TRLLLRL ELEEESE

for detalls or tel, 0734 51515 (24 hr service)
Brmsh National Radio & Eletfronuts School 00l Reading, Berks. RG1 1BR

———— ~

Train now for the Radio Amateur Licence | {
examination. No previous knowledge { A
needed, only a few hours per week of home I o
study for 3 to 6 months. Post coupon now 125 .5 )Y

FREE brochure without obligation from -

British National Radio& E

Schoal |

READING, BERKS. RG1 1BR
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01-261 5846).

SMALL ADS NOTICE TO

READERS
The prepaid rate for classified advertisements is 34 ) )
pence per word {minimum 12 words), box number 60p Whilst prices of goods shown
extra. Semi-disptay setting £11.20 per single colurhn in classified advertisements are

centimetre (minimum 25 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed “Lloyds Banks Ltd". Treasury notes should

always be sent registered post. Advertisements, check with the advertiser to
together with remittance, should be sent to the check both prices and
Classified Advertisement Dept., Practical Electronics, availability of goods before

Room 2612, IPC Magazines Limited, King’s Reach
Tower, Stamford St., London, SE1 9LS. (Telephone

correct at the time of closing
for press, readers are advised to

ordering from non-current
issues of the magazine.

ELECTRONIC COMPONENTS MERSEYSIDE, MYCA Electronics,
2 Victoria Place, Seacombe Ferry Square. Wallasey, Mersey-
side L44 6NR. Tel: 051638 8647. Open Mon — Sat, 10 am
5.30 pm.

When replying to Classified Advertisements

please ensure:

(A) That your have clearly stated your
fequirements.

{B) That you have enclosed the right
remittance.

{C) That your name and address is written in
block capitals, and

(D} That your letter is correctly addressed to
the advertiser.

This will assist advertisers in processing and

despatching orders with the minimum of

BOURNEMOUTH/BOSCOMBE.  Electronic  components
specialists for 33 ycars. Forresters (National Radio Supplies).
Late Holdenhurst Road. Now at 36. Ashley Road. Boscombe.
Tel. 302204. Closed Weds.

delay. -

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 18V, 25V, SOV.
0-47 10, 2:2, 4.7 & 10 Mfds - Sp.
22 & 47—8p. 100—7p. (50V—8p). 220—8p. (50V—10p),
470—11p. (40V—16p}. 1000/15V—15p. 1000/25V—-25p.
1000/40V—35p.

RECEJVERS AND COMPONENTS

iniature bead Tantat tyth
01, 022, 047, 10 @ 35V, 47 @ 63V — 14p
2-2/35V, 4-7/25V—18p. 10/25V. 15/16V—20p.
22/18V, 33/10v, 47/6V, 68/3v & 100/3V—20p.
15/25V, 22128v, 47/10V=—35p. 47/16vV-—-80p.
S ini Ceramic Csps. E12 Series 100V.
2% 10 pf. to 47 pf—3p. 56 pf to 330 pf—4p
10% 390 pf to 4100 pf.—4p.

Vertical Mounting Ceramic Plate Caps SOV,
E12 22 pt. to 1000 pf, E6 1500 pf. to 47000 pl.—2p.

TURN YOUR SURPLUS capacitors. transistors, eic. into cash.
Contact COLES HARDING & CO. 103 SOUTH BRINK.
WISBECH. CAMBS. TEL: 0945 584188. Immediate
settlement.

PRACTICAL ELECTRONICS Logic Tutor special offer: Screen
Printed Component Legend + Solder Resist coated PCB, only
£2.64 including postage. Quantity orders: 50 + £1.98, 200 +
£1.74. Trade/school/college enquiries welcome. BRADLEY
PRINTED CIRCUITS (G. D. Cowan) 9 Harcourt Terrace
Headington, Oxford. Tel: (0865) 60741

CONVERT ZX81 TO EPROM PROGRAMMER with ZP 4000 unit.
Sae détails. Enterprise Technology Ltd. PO Box 140, Wigan
WN3 6LF, Lancs.

MICRO CONTROLLER INTERFACE: analogue input leaves PIA’s
free for other uses. Complete kit with extensive instructions/
examples £11.00, ready built and tested — £15.00. DB Tech-
nologies (D. Butler), New Mills, New Street, Idle, Bradford

Polysty E12 Series 63V. Horizontal Mntg
10 pf. 1o 820 pf—3p. 1000 pf. to 10,000 pf—&p.
Miniature Polyester 250V Vert Mtg E6 Series
01 to -068—4p. -1—5p. 15 22—8p. 33. 47—-10p.
68 — 12p. 10 15p. 16 22p. 22 — 24p.
Mylar (Polyester} Film 100V. Vertical Mounting
001, 0022, -0047—3p. 01, 022—4p. 04, 05 01-5p
High Stability Miniature Film Resistors 5%.

iW E24 Series 0.51R — 10MO. (Except 7MS) - ip
W E12 Series 1RO to 10MO. 1ip
1W E12 Series 10R to 10M0. Sp.
W metal film €12 Series 10R-1M0. 5% 2p. 1% - 3p
IN4148--2p 1N4002—4p.  1N4006—8p. 1N4007—7p.
BC107/8/9—12p. BC147/8/9, BC157/8/9, BF195 & 7—10p.
8 Pin ic's. 741 Op. amp.—18p. 555 Timer—24p.
Dil Holders 8 pin—9p. 14 pin—12p. 16 pin—14p.
LED's. 3 & Smm. Red—10p. Green & Yellow—14p.
Grommels for 3mm—1jp. Grommets for Smm—2p.
20mm. Q.B. Fuses 15, 25, 5. 1, 2. 3 & SA—Sp
20mm. Anti Surge 100mA to 5-0A—8p.
20mm Fuseholders P.C, or Chassis Mtg.—8p.
Battery Snaps {palrs) PP3—8p. PP9—12p.
400mW Zener diodes €24 series 2V? to 33vVv—-8p

Prices VAT Inclusive Post 15p. (Free over £5.00)

THE C.R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

300 SMALL COMPONENTS, including transistors, diodes £2.20.
7ibs assorted components £6.00. Fifty 74 series 1.C.s on panel
£220 post paid. List 25p refundable. J.W.B. RADIO, 2
Barnfield Crescent, Sale, Cheshire, M33 INL.

LOGIC TUTOR

as described in this issue

Complete kit less mains adaptor: £29.35
Mains adaptor: £5.40 PCB only: £7.40
Prices include postage and packing in the UK

Send SAE for full details to: Howard Associates
59 Qatlands Avenue, Weybridge, Surrey KT13 9SU

AERIALS

AERIAL BOOSTERS
Next to the set fitting

B45H /G-UHF TV, gain about 20dbs, Tunable over the complete
UHF TV band. PRICE £8.70.
Bi-VHF/FM RADIO, gain about 14dbs, when on the off
position connects the aerial direct to the radio. £7.70.
All Boostars we make work off a PP3/006p /6F22 type battery
or 8v 10 18v OC. P&P 30p PER ORDER.
ELECTRONIC MAILOROER LTD, 62 Bridge St, Ramsbottom,

Lancs BLO 9AG. Tel {070682) 3036
Access Visa Cards Welcome SAE Leaflets

SERVICE SHEETS

BELL'S TELEVISION SERVICES for service sheets on radio, TV
etc. £125 plus SAE. Service Manuals on Colour TV and
Video Recorders, prices on request. SAE ‘with enquiries t0
B.T.S., 190 Kings Road. Harrogaie, N. Yorkshire. Tel. (0423}
55885.

COURSES

CONQUER THE CHIP... Master modern clectronics the

1
BD10 9RL. PRACTICAL way by SEEING and DOING in your own
home. Write for your free colour brochure now to British
P.E. LOGIC TUTOR g NOW O?Eg IN NE.ngSTLE National Radio & Electronics School, Dept. C2. Reading,
MAINS ADAPTOR — £10.00 or the best in Electronic Components, Berks. RGL 1BR.
g Test Equipment and Accessories.
ot e T s
1 Ohm to 10M E24 Series
Packs of 10 each Value {1690 Resistors) £12.50 15 Waterloo Street, Newcastle NE1 4DE EDUCATIONAL
Prices Include VAT and Postage. = e Te’I\.A6185377 Easy Parki
ETT pen 9am-6pm Mon-Sat - Easy Parking
GEFRICN P ) Stockists of: ) CAREERS IN MARINE ELECTRONICS. Courses commencing Sep-
20 Bull Lane, Maiden Newton, Transistors, Resistors, Capacitors, LC. Diodes, emboraadll Further details, The Nautical Coll
Dorchester, Dorset DT2 08G. Electronic Books, Etc. Sl o cridetal’s. Thg=ENautjcalicoliage,
4 . Fleetwood FY7 8JZ. Tel: 03917 79123.
ORDER FORM PLEASE WRITE IN BLOCK CAPITALS
Please insert the advertisement below in the next available issue of Practical Electronics for.............. S ———— s TSR

insertions. | enclose Cheque/P.O. for £......
{Cheques and Postal Orders should be crossed Lioyds Bank Ltd.

and made payable to Practical Electronics)

NAME . B B 3 e S

ADDRESS). . s sussssssubiass sworm mmrwsnmesessbisasssasmans

Company registered in England. Registered No. 53626. Registered Office: King’s Reach Tower, Stamf-(;;d Street, London SE1 9LS. 10/83

72

Send to: Classified Department,

PRACTICAL ELECTRONICS

Clasasified Advertisement Dept, Room 2612,
King’'s Reach Tower, Stamford Street,

London SE1 9LS. Telephone 01-261 5846
Rate:

34p per word, minimum 12 words. Box No. 60p extra.
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BUSINESS OPPORTUNITIES

AGENTS WANTED to sell pen watches/watches from £2. Cales
from £4.50. Min order £25. Contact G4HZT. 0594 33334.

ELECTRDNIC MUSICIAN required to build and promote new
style instrument in South West England. Box No PE 100.

SERVICES

WE OFFER a kit building and testing service. Competitive
charges, estimates free. Enquiries welcome. P.E. Box No. 101

BOOKS AND PUBLICATIONS

COMPLETE FULL-SIZE SETS any published service sheets, £2 +
LSAE except CTVs/Music Centres from £3 + LSAE. Man-
uals from 1930 to latest. Quotations. frée 50p magazine, price
lists unique technical publications for LSAE. Repair data/circs
almost any named TV/VCR £8.50 by rewurn. TIS PE, 76
Church Street, Larkhall, Lanarks. ML9 1HE. Phone (0698-
883334).

FOR SALE

TEKTRONIC SCOPES £85: Teleprinters £25. Lists: SINCLARE,
82 Plumstead Common Road, SE18. 01-316 1779.

MISCELLANEOUS

ELECTRONIC ORGAN KEYBOARDS and other parts being cleared
out as special offer. - Elvins Electronic Musical Instruments,
40A Dalston Lane, London E8. Tel: 01-986 8455.

CLEARING LABORATORY: scopes, generators, P.S.U's, bridges,
analysers. meters. recorders. etc. 0403-76236.

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274} 308920
for our Catalogue or call at our large showrooms opposite
Odsal Stadium.

SUPERB INSTRUMENT CASES by Bazelli. manufactured from
PVC faced steel. Vast range. Competitive prices start at a low
£1.80. Punching facilities at very competitive prices. — Bazelli
(Dept 23). St Wilfreds, Foundry Lane, Halton, Lancaster
LA2 6LT.

OPERATIONAL AMPLIFIER
EXPERIMENTAL MANUAL
by G. B. Clayton Price: £3.50

DIGITAL ELECTRONIC CIRCUITS & SYSTEMS

by N. M. Morris Price: £5.50
ELECTRONIC MUSIC CIRCUITS
by B. Kiein Price: £15.00

THE CATHODE-RAY OSCILLOSCOPE & ITS USE

by G. N. Patchett Price: £5.50
VIDEOTAPE RECORDING
by J. F. Robinson Price: £14.50

DOMESTIC VIDEOCASSETTE RECORDERS
A SERVICING GUIDE
by S. Beeching Price: £15.00

MICRO COOKBOOK VOL I: FUNDAMENTALS
by D. Lancaster Price: £13.50

AN INTRODUCTION TO MICROCOMPUTERS
VOL I: BASKC CONCEPTS

by A. Osborne Price: £10.50
WORLD RADIO T.V. HANDBOOK

by J. Frost Price: £12.00
1983 THE RADIO AMATEUR'S H/B

by ARR.L. Price: £10.00

* ALL PRICES INCLUDE POSTAGE «

THE MODERN
BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Phone 01402 9176 Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery.

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17. Telephone 01-531 1568

ENAMELLED COPPER WIRE

SWG 11b 8 oz 4 oz 20z
Bto 34 3.63 2.09 1.10 088

3510 39 3.82 231 127 0.93

40 to 43 6.00 3.20 225 1.61

44 10 47 8.67 5.80 348 2.75

48 15.96 9.58 6.38 369

SILVER PLATED COPPER WIRE
14 10 30 9.09 5.2 293 197
TINNED COPPER WIRE

14 10 30 397 2 139 0.94

Fluxcore

Solder 5.90 325 182 094

Prices include P&P VAT. Orders under £2 add 20p.
SAE for list of copper and resistance wire.
Dealer enquiries welcome.

PRA AL ELECTRONICS P.C. B 3

June 83 Programme Cond EP965
Automobile Tester EG1138

July 83 Counter EG1154-62

August 83 MW Radio EG1174
Trans Check EG1184
Inebriation Check EG1187

Fof full hist and current pcb’s send SAE CWO Please. Pnsmge

add 35p postage and paclung to complete order. Europe 70p.

PROTO

14 Downham Road, Ramsden Heath,

Billericay, Essex CM11 1PU. Telephone 0268-710722

_MAKE YOUR OWN PRINTED CIRCUITS
Etch Resist Transfars — Starter pack (5 sheets, lines,
pads, |.C. pads) £2.50. Large range of single sheets in
stock at 50p per sheet.

Master Positive Transparencies from P.C. layouts in
magazlnes by simpie photographic process. 2 sheets
negative paper, 2 sheets positive film (Ad) £2.25.
Photo-resist spray (200 ml) £3.90 (p+p 65p). Draft-
ing Fllm (Ad) 25p. Precision Grids (Ad) 85p.

20p stamp for lists and information. P&P 50p per order
plus extra where indicaled.

K.G. ELECTRONICS
0AK LOOGE TANSLEY, DERBYSHIRE,
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RSTER

‘ the perfect

precision
Superbly precise
and powerful the i WOI’k.
12-20v.d.c. {(0-3.2mm
chuck) Drilimaster Senior can help
you complete your next electronics project
faster and more effictently.

0n//mg

Available now -
Onillmaster Junior,

Minor and Major

{All can be 12v battery
powered). Also superb
variable speed ransformer
and over 100 accessory t0ols
For stockist address /

further information contact:

MICROFLAME

Microtlame (U.K.) Ltd., Vinces Rd.,
\ Diss, Norfolk 1P22 3HQ Tel: (0379) 4813

BAKER LOUDSPEAKERS

Model Inches Ohms Watts T Price Post
Major 12 4816 30 H- £16 €2
Superb 12 816 30 Hu«Fl £26 €2
Auditorium 12 816 45 H-Fi 24 2
Auditorum 15 816 8 Hi-fi 37 2
Group &5 12 4816 45 PA €16 £2

DG 75 12 4816 75 PA £20  £2
Group 100 12 816 100  Gultar £26 £2

Disco 100 12 816 100 Disco £26 £2 ‘
Group 100 15 &16 100 Guitar  £36 £2

15 816 £2
P.A. CABINETS (empty) Single 12 Ba Douible V2 ﬂ3 carr £10.

I

| LOUDSPEAKER BARGAINS [
4 ohm 5in. 7 x din. £2.50; 64in. 8 x 5in, £3.50. 8in. £4.50. 10In. £5. |
8 ohm, 2jin. 3in. £2; 5in. 6 x 4, 7 x 4din. £2,50; 6}in. 8 x Sin. £3.
8in. £4,50; 10in. £5; 12in £6. 8in. 50W £10. Bin. 60W £12.50. |
15 ohm, 3lin. 6 x 3in, 6 x 4in. £2.50. 35 ohm 5 in, £2.50 }
25 ohm, 3in. £2; 5 x 3in, 7 X 4in. £2 50, 120 ohm, 3}in dia. £1
GOODMANS 3 WAY ENCLOSURES Q70 pair £70. Carr £4. |

| BAKER AMPUIFIERS  Bargain prices. post £2.00 |
60w, & inputs, malns and 12v DC. B ohm + 100v line £89.00 |

150w. 4 inputs, malns, all purpose £99.00 |
150w, 4 inputs, malins PA amplifier £129.00
150+ 150w stereo slave amplifier £125.00

DISCO CONSOLE Twin Decks, mixer pre amp £95. Cars £12
COMPLETE DISCO 150 watt £330; 300 watt £399. Carr £30

DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2 ceramic/
tape, 1 mono mic channel, twin v.u. meters, headphone monilo"
outlet, slider controls, panel or desk mounting, gralned aluminium
facla. Tape output facili £46. Post £1. |

| DELUXE STEREO DISCO MIXER/EQUALISER s above plus

V.U, displays § band graphic equaliser. left/right fader.

switchable Snputs for phone/line, mike/line
Heaophone Monitor, Mike Talkover Switch £1 08 PP f£2
ditto 7 Band Graphic £118.

SINGLE PLAY Turntables 240 vott AC. Post £2

Make Madel Drive Cartridge Price
BSR P170 Rim Ceramic £20 |
GABRARD 6200 Rim Ceramic £22

| GARRARD Delux Belt Magnetic £40
BSR P232 12 volt Magnetic €24

|

| AUTOCHANGERS 240 VOLT
BSR Budget Rim Ceramic £16
BSR Delux Rim Ceramic £18
B8SR Delux Rim Magnetic £26
HEAVY METAL PLINTHS Garrard Cut Out £4 |

Silver of black finish. Size 16 x 133in.
DECCA TEAK VENEERED PLINTH. Post £1 Post £1 |
Superior finish with space and panel for small amplifier.

Baard cut for BSR or Garrard 18jin. = 14in. x 4in. £5
Black/chrome facia trim. Tinted plastic cover £5 i

TINTED PLASTIC COVERS for Decks Music Centres. etc. Post ['I
£5 18

173 x 134 x in. L x 12) x 3in.

17 x 9§ x 34in £3 141 x 12} x 2}in :5

164 x 15 x 4lin £5 164 x 13 x 4din. £5

12 x 12§ x 3iin. £5 144 x 13} x 2§in. £5

22k x 13] x 3in £5 17} x 13} x ddin. £5

2% x 14} x 2iin. £5 21 x 13} x 4jin £5

23 x 14 x 3iin £5 303 x 13} x 3jin £5 |
MAINS TRANSFORMERS Post |
250-0-250V 80mA, 6.3V 3.5A. 6.3V 1A £6.00 £2

350-0-350V 250mA. 6.3V 6A CT £12.00 £2

220V 25ma 6V 1amp £2.50. 220V 45ma 6V 2 Amp £4.00 £1

20V 60mA, 6V 2A £4.75 1

AUTO 115V to 240V 150WE9. 250W £10. 500W £12.00 £2

|
GENERAL PURPOSE LOW VOLTAGE MAINS TRANSFORMERS
Tapped outputs available Price Post
2amp. 3, 4.5, 6, 8.9. 10. 12, 15, 18, 25 and 30V £6.00 £2
1 amp. 6, 8, 10. 12, 16, 18. 20, 24. 30, 36, 40, 48, 60 £6.00 £2
2 amp. 6, 8, 10, 12, 16. 18. 20, 24, 30. 36. 40, 48. 60 £10.50 £2
3 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £12.50 2
5 amp. 6. 8, 10, 12. 16. 18. 20, 24, 30. 36, 40, 48, 60 £16.00 £
5-8-10-16V. § amp £2.50 £1 15-0-15V. 1 amp £4.00 £1

8V. § amp £2.00 €1 15-0-15V. 2 amps £4.50 £1
B-0-6V. 1§ amp £350 €1 20V 1 amp £4.00 £1
9V. 250ma £1.50 £1 20-0-20V. 1 amp £4.50 £1
V. 3 amps £4.50 £1 20-40-60V. 1 amp £4.50 £2
9-0-0V. 50 ma. £1.50 £1 25-0-25V. 2 amps £5.50 £1
9-0-9V. 1 amp £3.50 €1 28V. 1 amp Twice  £6.00 £2
10-0-10V. 2 amps £4.00 £1 30V. 1} amp £4.50 1
10-3040V. 2 amps  £4,50 €1 30V 5 amp and
12V, 300 ma £2.00 £1 17-0-17 2a £5.50 £2
12V. 750 ma €250 €1 3I5V. 2 amps £4.50 £1
#12V. 3 amps £4.50 £1 TOROIDAL 30-0-30V. 4a |
12-0-12V. 2 amps £4.50 £1 and 20-0-20V. }a £10.00 €2
CHARGER TRANS Post RECTIFIERS Post
6-12 volt 3a £4.50 +£2 6-12 volt 2a £1.10+80p |
6-12 volt 4a £6.50+£2 6-12 voit 4a £2.00+80p |
R.C.S. LOW VOLTAGE STABHLISED
POWER PACK KITS £3.95. Post 65p

| All parts and instructions with Zener diode printed circuit, mains
transformer 240V a.c. Output 6 or 74 or 9 or 12V d.c. up to 100mA
or less. Please state voltage required.

PP BATTERY ELIMINATOR BRITISH 5 x 3§ x 2}in £5
Stabikized power-pack 9 volt 400mA D.C. with overload cut out,

ALUMINIUM CHASSIS. 6x4-£1.75; 8x6£2.20; 10x7-£2.75;
12%x8-£3.20: 14%9-£3.60; 16X16-£2.50; 18x10-£3.80: I

12%34£2.20; 14%3-£2.50, 2}in sides 18 swg
ALUMINIUM PANELS. 6x4-55p; Bx6-90p; 14x3-90p; 10%7
£1.15; 12x8-€1.30; 12x5-90p; 16x6-£1.30; 14%9-€1.75; 12x12- |
€180; 16 10-£2.10. ANGLE ALl 63 x4in-30p
ALUMINIUM BOXES. 4x4x1} £120; &> zyrz £1.20; 3x2x)
£120; 6x4x2 £1.90, 7x5x3 £2.90; 8x6x3 £3; 10x7x2} £360; |
12x5%3 £3.60; 12x8x3 £4.30
| BLACK PLASTIC BOX with Ali Fascia 6} %31 x2” £1,50

| HIGH VOLTAGE ELECTROLVTICS |

2/350V 3Sp + B8/450V  75p 16+ 16+16/275V 509
4/350V 35p 8#16/450V 75p 50+ 50/300V S0p
8/450V 45p 16 +16/450V  85p 100+100/275V SOD
327350V S0p 32+32/450V £1.20 150 +200/275 50p
32/500V 9Sp 32+32/350V  75p 32+432+16/350V  75p
| 507450V 95p 32+32/500V £2.00 32+32+32/325V  50p |

ADIO COMPONENT SPECIALISTS

Dept 3, 337, WHITEHORSE ROAD, CROYDON

SURREY, UK. Tel: 01-684 1665
Post 65p Minimum. Callers Welcome. |

Closed Wed. Sume day despaich. E

| Access-Barcluy-Visa. Lists A2p.

L Cash prices include VAT
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INDEX TO ADVERTISERS TecaNnomaTic LD
QDd Elglc:trct)n|c§ .......................... 35 01_452 1500 01_450 6597
udio Electronics  ............. S L b A AT CONNECTOR SYSTEMS
1.D.CONNECTORS | D-CONNECTORS DIL RIBBON
B|eckman .................................. Sg i Sum1 825wy 3 | HEADER PLUGS | CABLE
B.CC-Vero ................................. No.of Header Recap. Edge [S00er 809 1059 1605 250p nsz:quvgf:;:Zm,s e g; gﬁ
B|'Pak B3 oim el b b ad Y SCeEE e baddns e wlag Do 12 ways Plug tacle Conn, jAngled 150p 210p 250p 365p from Stock 16 way 60p
10 90p 85p 120p FEMALE Solder iDC |20 wey  B5p
BIACKHSTAT 14 = & oli oo trisdiwihs B&4 7 08 boals o boln sad ket & 4h 71 20 135 125 1%p|Soder 105 160 200p T type  type ;ﬁvwv:vv :3:
British National Radio & Electronics 34 2000 1600 30 o 'dy e %0 1000|160 50y 1aby |40 ey 180p
40 220p )90p 340p | 36 way Centronix Type Conn. £6.50| 24 pin 100p 200p | D way  200p
SCNOBIE 5 354 w5 Has » e F e wsdriss ot d s o 13, 71 50 236p 200p 3%0p |~ 25way IEEEType Conn.£6.50 |40pin 200p 225p |64 wey  280p
Cambridge Learning ........................ 32 s e S CONNECTORs | EDGECONNECTORS
" Single end Male | ndi e Conn.
et PIOBIGIS o <viematoo = oia e waion s <0k xis 32 56 S o ;%3 s e ;:g -
CrickleWOOd w o iawaie »srés mo v w s 3 4ebi o< v om wiwn 1 26 Molo Moo g: EEEEZ ;} g;: i:,‘é; igﬁg g;gm %ZE; 220
grgftcén : .I. C .............................. :;; - m,;%;;;gw 533:‘: ;é; ;:ga 5;,;
iR SUPPIYICO: soataepus Ha's S smiinis s e« 5mo o DIL SWITCHES Xy | L
Py b i dgen T |
Electronics Mailorder . ....................... 72 10 %oy 1409 | {15, 30 way specify a+b ora-+c) | $100 Conn
Electronics World .. ... .. B 31 * SPECIAL OFFER «
Electrovalue ................ ... ... ....... 50 | 1-24  25-99 1-24
2114L-450 80p 75p 2732 350p
GICARIIE) ~ & o 55 o avi b a4 b Mo § g 2 53 g Wdreres g - 50 4164-2 450p 430p 6116-150 375p
Greenweld o4 2716(+5V) 250p 225p 6522 310p
................................ 2532 350p 335p
Global Specialties .......................... 23
Bkt Aoyl = OFFICIAL BB C DEALER
"""""""""""""" BBC Model B £399 including VAT. {Carr. £8)
IBUNBE) wxvasva v 5 va bbad sud v s bed et d bed e 24 Model A to B upgrade kit £49.50. Installation charge £15
BB TAERET & 2v.5 55 sakor vt idroasnaabiina - 4 Individual upgéaéigsFirg:) ;I{(rgé:grég 6:3r\;1€§tors available.
HEP IEICOMOMIGS < na'd x5 4 v/da®ilss sozavs 5510 6,7 . : .
imperial College 73 Disc Interface Kit £95 Installation £20
pen =SS B AT S A R Single Drive 55" 100K £230 Dual Drive 5}’ 800K £699
LOgic TULOr . ..ot 72 _BBC COMPATIBLE 54" DISC DRIVES
These drives are supplied in BBC matching colour case.
RAAGEIMTA] & mda = =4 ol b 550 ) 9o w4 A b w1 3 i W 71 Single: 100K £150 200K £215 * 400K £265 *
BIEEINT Canbas fana dnd s e ah s b o Cover 4 Single with PSU: 100K £185 200K £260 * 400K £330
IRSRCE: TEBAGE | - ax vsvon bunssano8hNos oald 71| | | Dual with PSU: 200K £355 400K £475*  B8OOK £595
g * These drives are provided with a switch between 40 and 80 tracks.
Marlborough Electronics ..................... 72 Cable for Single Drive £8, Dual Drive £12.
Microflame ............ ... ... .. .. .. ... ..., 73 (Carr. S|ng|e Drive £6, Dual Drive £8)
Microstate ................ ...l .50 Disc Manual & Formatting Diskette £17.50
MIAWICR oo 49 K e o 10 a0ty 2y o 0 £24 80 track DS £32
MICHETIBOOIICD)  won ok 46ma st ol i m | wed Al o WA - 73 VIEW 16K WORD. PROCESSOR ROM £52
TELETEXT RECEIVER £195.65 + £2 p&p
Parndon. ................................... 32 TORCH 280 DISC PACK £780.00 + £2 p&p
Phonsonics .. ...... ... . ... .. 10 WORDWISE 8K ROM £39 + £2 p&p
P.K.G. Electronics .......................... 73 BUSINESS, wggéﬁkog.rgg'? FUN SOFT-
Plus 80 ... ... ... . 50 Please phone to confirm delivery details.
Powertran' ......................... ..Cover 2 ggg:(csgnnge/::él‘?gg)m“ -
RIEOIONDEBIGM |5 1.s 5 mim nm 3 b fint wbm o2 o b bl - 73 LB COOBRE THAes vkl 1o PR
Racom 71| | | 98¢ Micho an EXbeRT cuioe 595
Radio Component Specialists 73 QEL PERpICRS PEAY £6.95
Rortors | e SOAm el e ASSY LONG PROGRAM ON BBC £8.95
ISCOMP . .o
Radio & T.V. Components .................... 4 PRINTERS
Saientifle-WirerCo: s.u s ana . coms ca ausnumssi. 73 o €0 100 cps ot e pritr Biiectona ogi seking, K bufs:
1 H rwarg an rse hni . { 1
gerv"fet Trad'ng """""""""""""""" 32_) International anfjv?.;rseek c?larazter £s’:;etst?sllum u%cderlilr'l? Ffii;tio;(;?g?:g?as‘ei?glt;‘lg:
PARKIITO. & wwe o mwid el a8l s i 5l 572 = e 5 20 + £8 carr
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74490

74L500
74L501
74L802
74L803
74L504
74LS05
74L508
740509
74LS810
740511
74L812
741513
74L$14
74L815
74L820
74L521

74L5125A
74L5126A
7415132
74L5133
74L5136
7415138
74L8139
74L5145
7415147
74L5148
74L8151
74L5153
74L8154
74L5155
74L5 156
74L5157
7415158
74LS160A
P | 74LS161A
74LS162A
74LS163A
74LS164
74LS165A
74LS166A
7415168
74L8169
74L8170
74LS173A
7418174
74L8175
74L5181
7415183
74LS190
74L5191
74L5192
74L5193
74LS1%4A
74LS195A
74L5196
74L5197
74L8221
7415240
7415241
7415242
74L8243
74L.5244
7415245
7415251
7415253
74L5256
74L8257
74L5258
7415259
74L5260
74L5261
7405266

74L5295

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED

74LS SERIES

7415297 745757
7405298
7405299

74L8321

4055 14490
14495

14599

AD7581

74LS365A
74LS367A
74L5368A
74L5373
74LS374
74L5375
74L8377
74L5378
74L5379
74L53%0
7415393
74L5395

280p| 4
7454721150.:
745474 4009 | 4
745475 825p
745571 620p

745573 900;

74C00
74C04
74C08
74C10
74C14
74C20
74C42
74C73
74C74
74C76

4000
4001
4006
4007
4008
4009
4010
401

4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025

74508

22p | 74511
22p | 74520
32p | 74521
34p | 74522
90p | 74530
28p | 74532
28p | 74537
34p | 74538
30p | 74551
23p|
30p
30p
80p
90p
90p

3ép

LM391T
LM3914

3S0p
300p
290p

LINEAR LCs

€14
2200p

99p
350p
5D0p
350p
520p

TDA1010
TDA1022
TDA1024
TDA1170
TDA2002V
TDA2003
TDA2020
TDA7000
TLO71/81
TLQ72/82
TLO64/74
TLO84
TLO94
TLA30C

ZN1040€

20p
25p
40p
34p
25p
30p
25p
150p

5V 100mA  78BL0S 309

12V 100mA  78L12  30p

15V 100mA 78L15 30p

OTHER REGULZ 9L15
LM309K vV T8HGKC

LM317K 7BHOSKC  550p
LM317T 1A Ad| 78MGT2C
LM337T

LM323K 3A 5V

LM723 150mA Adi

OPTO-ISOLATORS

MCTZG 1 00p TIL 112
MCS2400 190p TIL 113

4 180 TIL 116
T — o :

0. TiL220 Red
TIL32 5Sp  TIL222 Gr
TIL209 Red  10p TIL228 Yel
TiL211 G 12p  Reclangular
TIL212 Ye 15p LEDs (R. G. Y
TIL216 Red 18p NSB5881

TIL31Y
TiL312/3

BD379
WL321/2

BD380
BF2448
BF2568
BF257/8
BF259
BF337
BFR39
BFR40/1

OL704
DL707 Red
FND357
FND500
FND507
MAN3640
MAN4640

140p
140p
120p

90p

90p
175p
200p

ECHNOM

9370
UDN6118
UDN6184

320p
320p

c Lt

24p
24p
30p
80p
40p
24p

MPF102/3
MPF 104/5

MPSU45

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)

305 EDGWARE ROAD, LONDON W2

‘COMPUTER CORNER

€RT

CONTROLLER

CAT6545
CRT5027

650p
£12
350p

74
250p | 745474
gggnl 745570
P | 745571
€36 | 745573
Y EPRGN

€40
e
3s0p | 255
‘OOP 2716
£15
9901 £10
TMS5220
S9909
TMS3911

900p | AD558CJ
£18 ADS561J
£18 AM25510
£36 | AM25L5251
£36 | AM26LS31
£6 AM26LS 32

81LS97
81LS98
81LS 120
9602
9637AP
ZNA25E-8
2ZNA26E 8
ZNA27E 8
2ZNA2BE 8

DISC CON

FD1771
FD1791

400p
650p
650p
900p

FD2793
FD2797
WD1691
wD2143

HARA!

INTERFACE ICs
775p
€20
3s50p
£

SN74S262AN  £10
MC66760 7500

CRYSTALS

32 768KHz
100KHz
200KHz
| 10MHz

125p
125p
390p

£28
275p
250p
300p

100p
250p
280p
230p

2 45760MHz
| 25MHz
2 662MHz
3 276MHz
3 5795MHz
3 686MH2z
4 00MHz
4194MHz
443MH2
4 508MHz
49152MHz
{ 5 00MHz
| 6 coMHz
6 144MHz
7 00MHz
7 168MHz
8 00MHz
8 86MH2
10 00MHz
10 50MHz
10 70MHz
12 0OMHz
14318MHz
14 756MHz
15 00MHz
16 00MHz
17 7MHz
18 00MHz
18 432MHz
19 968MH2
20 000MHz
26 690MHz

145 80MHz 250p

KEYBOARD
ENCODER
AY-5. b 350p
74C922 420p
74C923 500p

HF
BMH; UHE
BAU

D RA
GENERATOR
COMB116

G75Sp
700p

€36 | SAA5050
REAL TIME CLOCK

J16pn aop 22,

2N3g30
2N1131/2

WIHE WRAP SO

300p
KETS EY TEXAS

.
GENERATORS  pvivrccryamme 1o
RO-3-2513UC 750p | MCME6760 700p
RO 3-2513LC 700p | MSM5832 350p

LOW PROFILE DIL SOCKETS BY TEXAS

Bpn 9p 18 pin
14 pin 10p
16 pin 11p

B pn 25p 18 pu
14 pin 35p 20 p

50p 24 pin 70p
60p 28 pin 80P
n 65p 40 pin 100p
30p | 2M44(
2Na427
2N4B7Y
2N5087
N5089
2N5172

22 pin

2N1613
2NI711

78p
12p
9

1N5403/4
15920
BRIDGE
RECTIFIERS
1A sov

| ok

2N4|25 3 3N201

3N204

27p

OUR NEW
COVPREHENSIVE
CATALOGUE IS

2
NOW AVAILABLE g2oe

| 7 100p

PLEASE ADD 40p p&p & 157 V.
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc.

Detailed Price List on request.
Stock items are normally by return of post.

20 pin 18p

4 pin 24p
28 pin 26p
22p 40 pin 30p

16p

ZENERS

2 7v-33V
A00mwW
"y

TRIACS
PLASTIC

JA 400V
LA 400V
6A 500V
8A 4u0V

THYRISTORS

1A 50V
1A 400V
3A 400V
BA 600V
12A 400V
16A 100V
16A 400V
106D
MCR101

2N444a
2N5060
2N5061
2N5064

AT

welcome.
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Exchange programs with friends, leave or read messages from the

various Billboard services, talk to computer bureaux, or place
orders and check stock levels on Maplin‘s Cashtel service. A
Maplin Modem will bring a whole new world to your computer and

vastly increase its potential.

Now you can exchange data with any other computer using a 300
baud European standard (CCITT) modem and because the Maplin
Modem uses this standard, you could talk to any one of tens of

thousands of existing users.

Some computers need an interface and we have kits for the ZX81,

VIC20/C

ommodore 64, Dragon and shortly Spectrum and Atari,

whilst the BBC needs only a short program which is listed in Projects

Book 8.

A Maplin Modem will add a new dimension to your hobby.

Order As LW99H (Modem Kit) excluding case. Price £39.95.
YK62S (Modem Case). Price £9.95.

Full construction details in Projects Book 5.

Our new Manchester store offer-
ing the full range of Maplin's

electronic components, compu-
ters and software will be opening
16th August, 1983. Part of the
new store will be a self-service
area where you can browse
around and choose the parts you
want. Counter service will be
available as well. Upstairs you will
find our computer demonstration
area with displays of hundreds
and hundreds of different soft-
ware packages for Atari, BBC,
Commodore 64, Dragon, Sord M5,
Spectrum and VIC20.

You will find us at 8, Oxford Road
opposite the BBC, between Picca-
dilly and the University complex.
We're just a few steps from

NEW MAPLIN STORE
OPENS IN MAMEHESTER

Manchester’'s Oxford Road station
and about five minutes walk from
the city centre. There is excellent
parking on meters in the adjacent
sideroads and we're about five
minutes drive straight in from
junction 10 on the M63 at the start
of the M56.

Call in and see us soon!

3 Great l5rojects—
From E&MM

Our new book ‘‘Best of E&RMM
| Projects Vol. 1°* brings together
| 21 fascinating and novel pro-
| jects from E&MM's first year.

Projects include Harmony Gen-
erator, Guitar Tuner, Hexadrum,
Syntom, Auto Swell, Partylite, Car
Aerial Booster, MOS-FET Amp
and other musical, hi-fi and car
projects.

Order As XH61R. Price £1.

INMAPLIN

ELECTRONIC SUPPLIES LTD

| Jk_ 1983 3k

CATALOGUE

Over 390 pages
packed with data
and pictures and
all completely re-
vised and includ-
ing over 1000 new
items. On sale in
all  branches

of W.H. Smith. Price £1.25. Or
send £1.50 (including p&p) to our
mail-order address.

T MaPLIN MODEM

CCITT. 200 BAGO

]

[Maplm s Fantastic Projects|

MAPLIN M
PROJECTs  PROFES)

| Full details in our project
books. Price 70p each.

iIn Book 1 (XA01B) 120w
rms MOSFET Combo-Amplifier
® Universal Timer with 18 pro-

| gram times and 4 outputs @
Temperature Gauge ® Six Vero
Projects.

i In Book 2 (XA02C) Home
Security System ® Train Con-
troller for 14 trains on one circuit
® Stopwatch with multiple

| modes @ Miles-per-Gallon
Meter.

In Book 3 (XAO03D) ZX81

‘ Keyboard with electronics ®
Stereo 25W MOSFET Ampli-
fier ® Doppler Radar [ntruder
Detector ® Remote Control for

| Train Controller.

In Book 4 (XAOQO4E) Tele-
phone Exchange for 16 exten-
sions @ Frequency Counter
10Hz to 600 MHz ® Ultrasonic
Intruder Detector ® 1/0 Port for
ZXB1 ® Car Burglar Alarm @

Remote Control for 25W Stereo
Amp.

In Book 5 (XAO5F) Modem to
European standard ® 100W
240V AC Inverter @ Sounds
Generator for ZX81 @ Central
Heating Controller ® Panic But-
ton for Home Security System @
Model Train Projects ® Timer for
External Sounder.

In Book 6 (XA06G) Speech
Synthesiser for ZX81 & VIC20 @
Module to Bridge two of our
MOSFET amps to make a 350W
Amp ® ZX81 Sound on your TV
® Scratch Filter ® Damp Meter ®
Four Simple Projects.

In Book 7 (XAO7H) Modem
(RS232) Interface for ZX81/
VIC20 @ Digital Enlarger Timer/
Controller ® DXers Audio Pro-
cessor ® Sweep Oscillator ®
CMOS Crystal Calibrator.

In Book 8* (XA08J) Modem

{RS232) Interface for Dragon @
VIC Extendiboard @ Synchime @
Electronic Lock ® Minilab Power |
Supply ® Logic Probe ® Door-
bell for the Deaf.
*Projects for Book 8 were in an
advanced state at the time of
writing, but contents may
change prior to publication (due
13th August 1983)

LEARN ROBOTICS

- with Hero 1, the new robot
who sees, hears, speaks and

detects movement!

This remarkable microprocessor-con-
trolled robot is the perfect robotics
training system for industry, home
and schools. Hero 1 can see, hear,
speak, detect moving and stationary
objects and determine their distance,
pick up small objects, move in any
direction and can learn from your

instructions.
Hero 1
Heathkit kit.

s a superbly documented

Order As HK20W (Robot Kit) Price £1,599.95.

‘Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend-on-Sea (0702) 552911.
Shops at: 159-161 King Street, Hammersmith, London W6. Tel: 01-748 0926.
" 284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000.

Lynton Square, Perry Barr, Birmingham. Tel: 021-356 7292.

8 Oxford Road, Manchester. Tel: 061-236 0281. (Opens 16th Aug. 1983)

All shops closed Mondays.
?II prices iticlude VAT & carriage. Please add 50p handlirig charge if total order valueis under £5.

d'ii



