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- THE NEW

MPF1PLUS..

The MPF1 PLUS
incorporates the Z80 — the most
widely used 8-bit microprocessar
in the world, to form a Single
Board Computer (SBC).
Packed in a plastic bookcase
together with three
comprehensive manuals and
pewer supply (to BS3651
standard), the MPF1 PLUS is a
microprocessor learning tool for
every application.

FLIGHT

Electronics Ltd.

Teaching you in a step-by-
step method the MPF1 PLUS
helps the user fully understand
the Software and Hardware of a
microprocessor easily and
conveniently — as opposed to
micro-computers that aim to
teach high-level languages
instead of microprocessor
systems fundamentals.

Notonly is the MPF1 PLUS
a teaching tool but with the
available accessories it can
also be used as a low-cost
development tool or simpiy for
OEMs.

Quayside Rd, Southampton, Hants SO2 4AD. Telex 477793. Tel. (0703) 34003/27721

Micro-Professor is a trade mark of Muftitech indusinai Corporation. 280 is a trade mark of Zilog Inc.

THE MPF1PLUS

Just look at the specification:-

Technical Specification

CPU: Z80A — 158 instructions
Software:

® 780/8080/8085 machine code

® 780 Assembler, line and 2 pass.

® 8K BASIC interpreter (Extra)

® 8K FORTH (Extra)

ROM: 8K Monitor (full listing and
comments

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

Display: 20 character 14 segment green
phosphorescent

Expansion:

® Socket for 8K ROM

® Cassette interface

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

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

Manuals

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

Accessories

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

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

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

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

® /O — MPF-1P: Input/output board

prmmEarftenSEmE=EssR= " -1

i Yes!Inow realise that! nesd an MPF1

' PLUS and thatitis thelowest costZ80 !

| SBC available with all these features.'

I enclose £165.00 (£140.00 +£21 VAT :

1 plus £4 carriage). Overseas P.O.A.

1 Please allow 28 days delivery.

' Cheques payable to

: FLIGHT ELECTRONICS LTD.

Please debit my [———

Barclaycard/Access i - Uiccns )

Account No
]
1
' An invoice will automatically be sent
]

' Name.
: Address

« Signature
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WATFORD ELECTRONICS

33, CARDIFF ROAD, WATFORD, HERTS WD1 8ED, ENGLAND

Tel. Watford (0923) 40588. Telex: 8956095 WAELEC
ORDERS NORMALLY DESPATCHED BY RETURN OF POST

TRANSISTORS

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 EXPORT INOUIRY WELCOME. P & P
ADD 60p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST. PRICES SUBJECT TO CHANGE.
Export ordon no VAT. U.K. customers please add 15% VAT to total cost Incl. pip. ‘r"g
VAT We lloclt thounnd- more items. It pays to visit us. We are situsted behind Watford 14
d. Open & day to Saturday, 9.00 em to 8.00pm.Ample FREE Car p-rklng_ 14
POLYESTER RADIAL LEAD CAPACITORS: 250V; 10n, 20n, 150, 22n, 27n 6p; 33n, 470, 68n, 100n Bp; 1500, | 14
220n 10p; 3300, 470n 15p; 680n 19p; 11 23p; 145 40p; 2u2 46p. :2
ELECTROLYTIC CAPACITORS (Values In uF). 500V: 10uF 82p; 47 78p; B3V:0:47,10,15,22,33, 8p,47 4
9p 10 10p 15,22 12p; 33 15p; 47 12p; 68 16p; 100 19p; 220 26p; 1000 70p; 2200 93p; 5OV: 68 20 9
20 40V: 68 15p; 22 9p; 33 129, 330, 470 3zp. 1000 46p; 2200 90; 25V: 47, 10 22,47 ap. 10
1oo 11p; 150 12p; 220 15p; 330 22p; 470 25p; 1000 34p; 1500 42p; 2200 50| 76p; 4700 10
8V: 2.5, 40 8p; 47. 68, 100 9p; 125 12p; 220 np; 330 168p; 470 20p; 680 34p; 1000 z7p; 1500 31p; 9
2200 36p; 4700 79p. 12
TAG-END TYPE: 64V: 4700 _245p; 3300 198p; 2200 | POTENTIOMETERS: Carbon Track, BC157/8 10
139p; 50V: 3300 154p; 2200 110p; 40V: 4700 180p; 25V: 025W Log & Linear Values. at1s9 11
CTE0REP, 10,000 $20p: 151000 B4Fp: 50000, 1K & 2K (LN ONLY) Single ~ 3ap | BE1624 10
SK{)-2M() single gang 34p BC169C M
TANTALUM BEAD CAPACITORS: §K01-2Mf] single gang D/P swhch  Bop | BC169 ®
36V: 014,022,033 95p 047,068, 10,1518p 22,3318p 47, | 5K0).2MA dual gang stereo opp (BCV7VZ 11
6§822p 1028p 18V:22 33, 16p 47,68 10 18p 1536p 22 | BC173 11
36p 33, 47 50p 100 95p 220 100p 10V: 15, 22 26p 33; 47 | SLIDER POTENTIOMETERS B€177/8 16
50p 100 75p. 025W log and linear values 60mm track [BQ179/81 20
SK1-500K1) Slngle gang 70p [BC{82/3 10
snivm MIC.A (5’" SIEMENS itlay ini gg"m :g
2,33,47, 68 82 10,12, 18, | capacitors
22,27,33,39, 47,50, 56,68, 75, | 250V: 1nF, 1nS, 2n2, 3n3, an7, | PRESET POTENTIOMETERS | BC]8L 10
82, 86, 100, 120, 150, 180 15p. | 6n8, 8n2, 10n, 15n, 22n 7p; 18n, | O TW 50{32:2M Mini Vert. & Horiz 8p | BC184L 10
220, 250, 270, 330, 360, 390, | 27n, 33n, 47n 8p; 39n, 56n, 68n | O 25W 220114M7 Vert. & Horiz 12p |BCi86/7 28
470, 600, 8OO & 820pF 21p. | 9p. 100nF 11p. 10
1000, 1200, 1800  30p each | 100V: 100n, 120n, 10p; 150n | RESISTORS Hi-stab, Miniature, 5% 10
3300, 4700 60p each | 11p; 220n 13p; 330n 18p; 470n | Carbon 10
23p;680n30p;14F34p;2u250p. RANGE val. 1-99 100+ 10
025W  2(24.M7 €24 3p 1p 10
CERAMIC Capacitors: SOV POLYSTYRENE Caps: 05W  2(R4M? E12 3p 1p 14
Range 1pF to 6800pF 4p; 10nF, 10pF to 1nF 8p w {2-10M E12 6p 4p 14
15n, 33n, 47nF Sp; 100nF/30V 7p. 1n5 to 12nF 10p 1% Metal Film 51{39M E24 8p 6p 16
RESISTORS S.LL Pac : 7 Commoned, 10011, 68012, 1K, 2K2, 4K7, 10K, 47K, 100K 24p. 15
8 Commoned: (9 pins) 15002, 180(1, 27002, 3301}, 1K, 2K2, 4K7, 6K8, 10K, 22K, 47K, 100K 26p. BC337/8 15

LINEAR IC’s

555 CMOS 85 324
75 LM334Z

7090 8 pin LM335
710 8 LM339

1 LM348
747C 14 pin LM349
748C 8 pin LM358
753 8 pin LM377

810 LM379
9400CJ LMm3so
AY-1-1320

AY-1-5050
AY-1!
AY-1-6720
AY-3-1270
AY-3-8910

ICM7215
ICM7216A
ICM7217A
ICM7224
ICM?7240
ICM7555
ICM7556
LA3350

LAAQIP
LA4032

5956| ZNA19CE 180| 8088 SFF96364E 800
295| ZNa23E 130y 81L595/96 SPO2S6AL2 850
350| ZNA24E 130| 81LS97/98 TMS2716-3 725
150| ZN425E-8 345| 811810 TMS4047 100
350| ZNA26E-8 300| 8123 TMS4164 15395
ZN427€E-8 590( 8154 TMS4416-2 475
2155 TMS4500 €14

BCa41
BC461
BCA77/8
BC516/7
BC547/8
BC549C

BCS56/7

| BCS58/9

BCY70
BCY71/2
B8D131/2
BD133
B8D135
BD136/7
BD138/9
B8D140
B8D245
BD6E9SA
BDEIBA

| BF194/5

BF198/9

TMS4532-3
5| TMS5100
TMS6011
TMS9927
TMS9928

350
[:1¢]

42
£14

4532-3
4816-100ns
5101

5514
6116-150ns
6116L-120ns
6117-100n
6167-6

6402
6502 CPU

6852
6854
68854
6875

0
ZBOCPU 2:5 299
ZBOACPU4M 300
ZBOACTC 0

2808
ZBODART
ZBOADART
ZBOADMA
ZB0DMA
280P10
ZB0AP10
2805101
Z80AS10

AM26LS31C
AM26LS32
AM26L532A

895 | 745257
635 | 745258
1275 | 745260

748573

ZN414

50!
68000 New msk £59

475 | 745262 850 |7453
8035 600 (MM58174 700 | 745287 225 | 7454
BOB0A 250 [RO-3-2513L 550 | 745288 210 | 7460
BOBSA 350 JRO-3-2513U 650 | 745289 200 7470

75107/8/9 9%

BU208 200 | TIPIAY 105
MJ2955 70 | TIP142 105
MJE340 54 | TiP147 120
MJE371 100 | TIP2955 60
MJE2956 99 | TIP3055 60
34 | MJE3055 70 | TIS43 32
40 | MPF102 a0 | TiSas a5
40 | MPF103/4 30 | TIS8BA S0
12 | MPF105 30 | 1S90 30
14 | MPSAQS 25 | TIS91/93 32
15 | MPSA06 25 | VK1010 99
15 | MPSA12 32 | VN1OKM 70
16 | MPSASS 30 | VNA4BAF 95
20 | MPSAS56 30 | VN6BAF 110
48 | MPSA70 30 | VNSBAF 99
60 | MPSU02 S8 | VNBSAF 120
45 | MPSU05 85 | ZTX107/8 11
40 | MPSU06 55 | ZTX109 12
40 | MPSUS2 65 | 2TX212 28
40 | MPSUSS 60 | ZTX300 13
45 | MPSUss 60 | ZTX301/7 16
150 | OC23 170 | ZTX303 25
150 | OC28/36 220 | 2TX304 17
12 | OCa1/42 75 | 2ZTX320/26 30
18 | OC70 40 | 2TX500/1 14
30 | OC76 50 | ZTX502/3 18
25 | 0CB81/82 50 | ZTX504 25
28 | 0OCB3/84 40 | ZTXS531 25
29 | TIP29A 32 | ZTX550 25
35 | TIP29C 38 | 2N696 30
32 | TIP30A 35 | 2N697 23
35 | TIP30C 37 | 2N698 40
30 | TIPZ1A 38 | 2N699 48
23 | TIP3IC 37 | 2N706A 19
23 | TIP32A 38 | 2N708 19
25 | TIP32C 42 | 2N914/5 32
105 | TIP33A 65 | 2N918 35
28 | TIP33C 78 | 2N930 20
28 | TIP34A 74 | 2N1131/2 24
28 | TIP34C 88 | 2N1303/4/5
23 | TIP35A 110 | 2N1307/8 65
23 | TIP35C 128 | 2N1613 30
32 | TIP36A 130 | 2N16718 160
80 | TIP36C 140 | 2N2160 295
40 | TIP1A 50 | 2N2219A/20A/
20 | TIPA1B 52 | 1A/22A 25
34 | TIPA2A 55 | 2N2369A 18
170 | TIPazB S8 | 2N2646 45
190 TIP120 70 | 2N2846 80
200 | TIP121 73
35( 74221 80| LS76 —2—2‘ LS320
35 74246 100|LS78 40| LS323
30/ 74247 100 LS83 40| LS324
80| 74248 130|LS85 55| LS325
35| 74243 120{LS86 28| LS326
50| 74251 60| LS90 30| LS327
140; 74259 150 LS9 55| L5347
80 74265 75 | LS92 35| L
50| 74273 175|LS93 35| L8352
90{ 74276 135|LS9% 45| LS353
110| 74278 130 LS9%6 75} LS356
35| 74279 45[LS107 36| LS362
175 74283 701 LS109 36/ LS363
30| 74284 200 |LS112 38| LS
48| 74285 210(LSN113 30| LS365
30| 74290 85 |LS114 30| LS366
30| 74293 65 | LS122 55| LS367
60| 74297 900 (LS123 60| LS368
35| 74298 7015124 150|LS373
50| 74351 120 |LS125 32| LS374
120| 74365 60 | LS126 32| L8375
90| 74366 60| L5132 40] 15377
S0| 74367 6015133 26| LS378
50| 74368 60 L5135 24| LS379
35| 74390 80 | LS136 24
40| 74393 100 |LS138 38| L5385
35| 74430 110 |LS1 38/ LS386
60 LS145 60/ LS390
170 LS147  110|LS393
80 LS148  100|1$395
75 LS151  45[1S396
85 L5153  45[15398
80 LS154 150||S399
32 L5156 35| |Sa45
40 LS156 35| LS447
55 LS157  35) | S465
35| C244 195 | LS158 30| LS467
40| C245 195 | L5160 45| Lsan
45| C373 240 |LS161 45| LS4%0
40| C374 245 (L5162 40|, Ss40
35| C922 420 |LS163 40| 15541
8 500 | LS164 45| 5624
400

2N2904A/05A/ | 25C1923 S0
06A/07A 26 | 25C1945 225
2N2926G 10 | 25C19%63 90
2N3053 25| 25C1es? 90
2N3054 5B | 25C1968 140
2N3055 40 | 25C2028 85
2N3a42 140 | 25€2029 200
2N3615 199 | 25C2078 170
2N3702/3 10 | 25C2091 85,
2N3704/5 10 | 25C2166 165
2N370677 10 | 25C2314  B8S
2N3708/9 10 | 25C2465 125
2N3710 10 | 25C2547 30
2N3771 179 | 25D234 7S
2N3772 195 | 25Kas5 20
2N3773 210 | 25K288 225
2N3819 27 | 25083 225
2N3820 38 | 25085 228
2N3822/3 45 | IN128 112
2N3866 90 | 3N120 112
2N39%03/4 15 | 40251 150
2N3906/5 15 | 40311 80
2Na427 80 | 40313 130
2N4859 78 | 40361/62 70
2N5172 1B | 40408 76
2N5180 45 | 40412 20
2N5191 75 | 40467 130
2N5134 B0 | 40468 8s
2N5305 24 | 40584 105
2NSa57 30 | 40595 110
2N5458/3 30 | 40603 110
2Nsag5 36 | 40673 70
2N5777 a5 | 408712 80
2N6027 32
2N6109 60
2N62%0 70
25A636 250
25A671 250
e 89| ustpHONE
321001 269 | YOUR ORDER
23C1096 -85 | THROUGH,
25cn62 30 | WEDO THE
ascizz 125 | oo REST.
25C1173 128 o234
25C1306 100
25C1307 150
25C1449 85 i“i @
25C1679 190
{25C1678 140 ;
160] 4034 140 (4517 275
475| 4035 45 | 4518 40
150! 4036 275 | 4519 30
150| 4037 1154520 50
ooo| 4038 110[as21 90
000{ 4038 2804522 125
85| 4040 40 | a526 60
125( 4041 40 |4527 65
60| 4042 40| 4528 50
60 4043 404523 150
180( 4044 40| 4530 90
180{ 4045 108 |4531 130
180| 1046 46 |a532 80O
180 4047 404534 400
as| w048 40|45 275
as| 2049  30[a4s38 80
40/ 2050  30[4539 90
40| 4051 45 | 4541 140
a0| 4052 80 | 4543 70
70/ 2053  s0[asaa  1s0
a0|2054  B5|dsa8 a0
75| 2055  B85{as49 375
85| 4056  B5|as53 245
80| 4057 £10|4558 180
475| 4059 435[ass5 35
185| 4060 45 | 4556 3s
50| 4061 1195|4557 320
60| %062 995 (4558 120
60] 4063 85 | 4559 395
85} 4066 27 | 4560 160
00| 4067 245 | 4561 104
80| 4068 20 |a4s62 495
80| 4069  20|4566 165
100 | 4070 20 | 4568 250
50| 4071 22 | 4569 175
120/4072  20|4572 38
1204073 224580 460
000/{ 4075 20 | 4581 250
80| 2076  55|as82 99
90[4077 20 20
90[4078 204581 am
00|4081 20 |ds85 70
330
290
45
42
215
130
140
17%
95
105
s
60
198
100
300
240
194
50
45
50
220
75
95
90
80
195
195
198
240
248




'SPEAKERS . 08 LQUD | VOLTAGE REGULATORS oL Low Wi
momw 7225 | g, ﬁ?e'::rdgm cipe | GRYSTAL 1A T0220 Plastic Casing SOCKETS  profie e { SPECTRUM FORTH
03w, 2:5" 40); 6402 or TW209 Red 3mm 10 | 3, digt 498 tve ve pin 8a  25p
i e I A - AR e il
e T 242 Yelor. 146dgt 626 1y 7mi5  40p 7315 45p | 18pin 160 529 | 12K off Fig —~ FORTH IN ROM
AATI9 S 15 | RECTIFIERS 02" Yel, Grn, Amber 14 | gPx2s 250 ;g& ;g;g 40" 1918 " abp ;g D:: :gp ggp FUL_L RS232 and 24 bits of I/O for Cen-
An129 20 | (plastic casel ﬁ'é‘%ﬁ%“'c?{p"?‘c“él"& as | EV21 320 |300mA T0%2 sk CBsung 24 pin 25, 70p | tronics and control units can be used
EA‘&(’J :: ‘AI'IOOV ;g e '?JL(GS 3;2 Z& ;Stgg 3op 79005 50p ig g:: gg: ggp [ from BASIC or FORTH. Will work on 16K
gcxn 20 | 1A/400v 28 mefgula’ YenudiG 181 wpra 115 | gy 882 30 ] P | or 48K Spectrum. Many more features.
100 24 | 1A/600V 34 3 k wora 220
BViZe 12 [Jmv. 30 |OZ feshng LEDRed 56 | WCTovamingion |13y 7ilis 3op  /oLis sop | ZiF DIL SOCKET . ONLY £59
i y .
o el || a2 RearGroen os lomor 938 | o e e | ses0|  (Send SAE. for full details)
S5 | Bl i oniabhe EEME 8 B TN occomecon e
0A70 12 | 6a/600v 125 | Red/Green/Yellow 85 | oans777 50 78HG+5!05A 840 [MxT 175 DIL PLUGS (Hesders) PCBMale  Female  Female
OA79 15 | 10A7200v 2985 | 02" Red High Bright 59 | an33 135 | 42av 599 LM723 10 Pins Soider  IDC with latch Header Card-Edge
0A81 20 | 10a/600v 298 | High Bright Green or Pin diode 610 79HG 2_25\/ to TBA6258 75 14 38p 95p 2 rows Strt.  Angle Socket Connector
OA85 15 | 254/200v 240 | Yellow 65 | Schmitt f Pins  Pins
" 24V 5A 685 RCA134 375 16 42p 100p
0A30 8 | 25a/600v 396 |LD271 Infra Red (emit) 46 | Receiver 610 | LM309K 120 RC4195 160 | 24 sap 138 104wey Sy (W8p  85p 1200
S8 8| R | Mt e XA E R
0A95 8 | vmiB 50 letector] 1 a0 1958 218, way 145p 166p 125p 240p
0A200 H TL78 ) 55 | SWITCH SWITCHES L 2 P 26way 175p 200p 150p 320p
OA2 8 TIL38 ‘50 | Reflective 34 205p 236
TNota 3 | po lENERS [T s2:Twico 90 TLI® 228 | SLIDE 250v TOGGLE 24 250v | 00 Clons por toot) | 20 way 2200 2505 150 a20
1N916 5 | 39V 400mwW Slotted similar | A DPOT 14 SPST 35 Ways Grey Colour 50 way 235p 270p 200p 470p
INA0O1/2 5 8p each Sogmenl Displays to RS 188 | 1A DPDT C/OFF 15 DPDT 48 10 15p 28p
1N4003 e Range 3V3 10 TIL321 5°C.An 120 T ALUMBOXES | }A DP on/on/on 40 4 pole on off 54 16 25p 40p EURO FEMALE MALE
INaows @ | 509y T2z &€ 120 | swaixr - 88 | SUB-MIN 20 30p  Sop CONNECTORS SOCKETS  PLUGS
N4006! 185 saoh X ax2{x2 103 USH BUTTON TOGGLE 2 amp 26 40p esp Gold flashed contacts Strt.  Angle Stt.  Angle
1N4148 4 P 0L707 -3° C.Anod 125 | axax2)* 120 | Sering loaded SP changeover 60| 34 60p 8sp OIN 41617 31 way 170p — = 175p
1NS401 15 FND357 or 500 130 | gxax2 105 | Latching or PST oot - 4| 40 70p 90p DIN 41612 2x32 way ~ 275p 320p 220p 285p
IN5404 18 | VARICAPS 3" Green CA 140! 5x2ix1” 90 | Momentary 6A 2PDT ot 85| 64 100p  135p DIN 41612 2:3x32 way ~ 295p 340p 240p 300p
ING406 17 | MVAM2 186 | o1 3-Redor Green 150 | 5x2ix2) 130 | SPDT c/over 110 Sporgiol ., yos DIN 41612 3x32 way  360p 385p 260p 395p
IN5408 19 | BA102 30 | Bargraph 10 seg Red 250 | 5xax1)” 99 | OPDTc/over 180 pppy 3
S 31881058 40 | Baroraph NSMOIE . 200 | trarak 139 OPDT 6 tags  75/°D' CONNECTORS: TRANSFORMERS (mains Prim. 220.240V)
18921 g | 8B106 @ Gxax2 120 | MINIATURE BEOT onjon/on 185 | Pins 9 & 25 3-0-3V. 6-0-6V 100mA; 9-0-9V 75mA;
6AZ100V 40 FERRIC CHLORIDE 6xax3 150 | Non Locking DROT Biteed " P4 way way way way | 12012V 75mA; 150-15V 75mA 98p
oy 5o | TRacs g Push to make 15p as BVA: 2x6V- 5A 2x9V-8A; 2x12V-03A;
Ga/B00v 65 | 3A/T00v  ag | CYStas b IxBx> 290 | Pusnbreak  zsp JPoRciover 205iMAE e — | 2x15v 254 250p
3A/400V 195p + 50p php older p 160p 240p| 12VA: 2x4V5.1.3A; 2x6V-12A; 2x12V-5A:
:w%v 2 :g:';l:aij’ g';g Angle 150p 210p 250p Jssplwsv aA 345p (35p phpl
ey &5 [baLo even mesisT 19X7%T 278 | cOVARY: (Adjustable Stop Typel Strait  170p 180p 220p 310p|24VA: 6V-1.5A 6V-15A; V-1.2A 9V-12A:
%(':ﬂ-- %%x ‘?3 Pen plus spare tip 100p | 12xBx3> 296 ; pol:/Z to :2 way, 29/% to 6 way, 3 pole/ FEMALE ;(Z)LHA 12V-1A: 15-BA 15- 8A; 20\;86: AN
yristors to 4 way, 4 pole/2 to 3 way 48p| Solder  105p 1600 200p 338,
Toyristors 2 | 12ao0v 75 | COPPER CLAD BOARDS P 338p| 5OVA: 2x6y 4A 2X9V25A: 2x12V2A; XI5V
Sa/30V 38 | 12400y a2 |Fbre  Single  Double SREP | ROTARY: Mains 250V AC, 4 Amp  84p | Snoi 1765 2000 3005 az0n| | o4 ZX20V 124 2x25v-28; 2330V 08A )
5A/400V 40 | 12A/800v 135 | Glass  sided sided 95°x85° P (0p pSp)
Ny ey 135 |exe 100p T2 s1001 (Do A z : 100VA: 2x12V4A; 2x15V-3A; 2x20V-25
3A/300v 60 | 16A/400v 108 | 612  175p 2289 4 5M,F‘é'of,??‘jw‘gﬁ?,o:‘,::‘:%%,: COVERS 80p  78p  75p 9°9'2x30v‘5A 2x40V-1-25A; zxsovsés iy
8A/600V 95 | 16A/800V 220 |———————— {SPDT) 4 way 190p. 965p o)
o as | RO P T Pt | JUMPER LEADS Fibbon Cable Assembly
Vv 2 in VO’
N on | Ao |y aaee T R e 139 | ampHENOL PLUG — DIL Plug (Headers)
8T106 150 2ix5" 100-110 Vero Strip 144 IDC  Solder EDGE CONNECTORS | Single Ended Lead. 24 long
BT116 180 | 30A/400V 525 | 3ix3* 100-110 24 way IEEE 475p  450p - Length  lapin  16pin - 24 pin 40 pin
C106D 38 | 728000 120 | 31x5° 115.125 95p PROTO-DECs 36 way Centonics ~~ 828p  485p | o | 2x1Bway 1808 28 1d5p  165p  24dp, 323p
Tew 24 3717390420 275p Verobiock 405 Soekets| 2x22way 1999 Double E"‘}‘;‘;',;""’msp amE  26m
29 x 495 .
Tica7 35 So"gﬁ;co" Pt. of 100 plnsp 55p EuDr:;readboard 5333 ASTEC UHF MODULATORS 201way ;:;g ::z ;;g: ‘T e 2150 e 2%
2N5064 38 | 400 78 | Spoi Face Cutter 150p Bimboard | 695 | SMHz Standard 3280 | 7P 2xBwey 2109 |20 Z300] (2350 3P i
2N4444 130 | 500 370m | Pin insertion Tool 185p Superstrip SS2 €13 | BMH2 Wideband asop | 224V | 5x3oway  245p = 295p 1 20p L APE PR
2x36 way  295p IDC FEMALE RECEPTA
— VERO WIRING PEN and Spool 350p | Telephone orders by Access. Simply 2xi0pay, 3189 — o 2o e aogin
§T2 25 Spare Wire (Spool] 78p; Combs 8p ea. | phone your arder through 0923-50234 & - 958 |1end  160p 200p 260p  300p
Wire Wrapping Stakes 100 250p we do the rest. 2x75way  550p |2enss 200p 3700 as0p 5259
COMPUTER CORNER BROTHER 8300 DAISEY [CRYSTALS | BBC MICROCOMPUTER
® SEIKOSHA GP100A - Unihammer Printer, nor-| ~ WWHEEL PRINTER/ It 238 Model A £299; Mode! B £399 (i
mal & double width characters, dot resolution TYPEWRITER 455KHz 370 ¢ 0C€ ore 99 (incl. VAT). We stock the
graphics 10" Tractor feed, parallel interface stan- 1MHz 275 | full ra:’\'s;;e gf BB[;: M'C"(Qr pe“Ph?"a‘SC Hardware & Soft-
: . .. | 1008m 275 | ware like, Disc Drive -
dard. FREE 500 Sheets £155 | Provides very high quality 1 28mHe 392  shi), Diskettes, pnmes,s ‘,’,‘,’,n‘:‘;;’ %pe‘:"]i?:ﬂg'ceMg‘é?;
) . o SMH2
® SEIKOSHA GP 250X Printer £199 type in any six interchange- | i'emmz 395 | Dust Covers, Cassette Recorder & Cassettes, Monitors,
® EPSON FX80 PRINTER 10" Tractor/Friction | 3Dle styles including ltalics, :gz_'g:ﬁ 202 Connectors {Ready made Cables, Plugs & Sockets), Plot-
feed, 11x9 Dot tri CP i . 2 oMMz 228 | ter (Graphic Tablet) EPROM Programmer, Lightpen Kit,
b matrix. 160 CPS, 137 colmns. | Script and 4 conventional
Bidirectional. logi ki . ; W | 2 4576m 200 | Joysticks, Sideways ROM Board, EPROM Eraser,
idirectional, logic seeking, proportional spacing. f 25MH 228 i i isti
Hies by riage. Mo, Ralics & i, Crier typefaces. Ideal for busi- |23M4 =~ 228| Machinecode ROM, The highly sophisticated Watford's
Underlining Superscript & Subscript. £349 | ness use. Connects directly |32768% 150 lg:? ?aslsgp?ﬁ.s' :/_V(r)lﬂsl‘)VéISE, B)E%%%\ké: stO“V"ta’engd“'
) ; : . ! ol plicatio ames), , etc. etc. Please
@ EPSON RX80 100CPS, 9 x9 matrix Epson print- toa BB.C M!cro via standard |36 390 | send SAE for our descriptive leaflet.
er. Didirectional, logic seeking, etc. £255 | centronics interface or can 1032MH1 290 — ——
194304M 200
® RXS8OF/T EPSON PRINTER. As above but has |be used as a stand alone |441619 100 D
- T c o 4 608MHz
both Tractor and Friction feed facilities. £279 typewriter. As typewriter, |asomH: §% ISC DRIVES FOR _BBC MICRO
® KAGA — RGB 12 inch medium resolution colour [ has a built in timing func- T T ® CSS0A — TEAC Cased with own Power Sup-
monitors ) £219 | - 0 measure the opera. |3228M 390 ply, S/S, 40 track, 5", 100K £175
Connecting lead for KAGA monitors £5 ot ; ey Pd i Gomiz 130/ @ CDSOA — TEAC Twin Cased with own PSU,
® ZENITH 12" Hi-RES, Green Monitor 4o/gp |'0rS Speed making it ideal fesssomi: 200 | S/, 40 track, 61, 200K £340
column select switch, value for money. £73 | for teaching or invoicing |14y, 135 | ® CSEOE — TEAC Single Cased with own PSU,
: e /
® MICROVITEC 14" colour monitor. RGB input. jobs correctly. Friction feed; |75 ig‘&l S/S, 80 track, 54", 200K . £250
| Lead incl. £215| 11 CPS; 12" max width; 5 |3y, s = e TviA Caced with o T )
® TEX EPROM ERASER. Erases up to 32 ICs in | different colour ribbons. |900mHz 200 | - 80 track, 54% 400K R £475
15-30 min. £33 aarsmiz 350 | @ SINGLE MITSUBISHI Slim line — Cased with
Hard top cover/carrying [iocoMHiz 175 PSU, DS/D i
17 own , D, 1 Megabytes (400K with
® TEX EFET!OM ER_II_\SER with the Solid-State 30 | case. Only: £399. ymmm 150 BBC) £275
minute Electronic Timer. £ 10-24MH 200 . . 3
@ SOLID STATE 3 . . B {uzowu' 175 | @ TWIN MITSUBISHI Slim line — Cased with
BoLl S Eraso?s minute Electronic T":Ef: SPECTRUM |25 300 ngvg) PSU, DS/DD, 2 Megabytes (SOOKEWIth
) 32K 1a7456M 178 ) ) ) 535
@ Spare ‘UV lamp bulbs £9 1ooeetz 250 | @ Single Drive Cable for BBC Micro £8
©® MULTIRAIL PSU KIT. Output: +5V/6A; +12V; UPGRADE leomH: 200 ! ® Twin Drive Cable for BBC Micro £12
+25V; ~5V; -12V @ 1A. £40 Upgrade your 16K Spec- lsdm 150 {5 year warranty on VERBATIM Diskettes)
® 4 x4 matrix keypad (reed switch assembly) £4 : 2oz - 200 | @ 10 Verbatim Diskettes, 51", S/S £20
“trum to full 48K with our |2iomn. 170 | @ 10 Verbatim Diskettes, 5" D/S £30
® C12 COMPUTER Grade BASF Cassettes in | RAM Upgrade Kit. Very sim- ;ggggm‘: :1!23 (2 vear V\’/AB/,48H Di
; - 5 warr
PR 39| ble tofit. Fitting instructions |28t 328 A DA Diskettes)
@ 81" & 91" Fan fold paper (1000 sheets) €70 o O cuons |71izom: 295 | @ 10 WABASH Diskettes, 5% $/5 £
(150p) supplied. Zvaew 190 | @ 10 WABASH Diskettes, 5}, D/S £25
. 38 66667M 175 i
® Teleprinter Roll (no VAT) £3.50 £19.50 48 OMHz 175 | Many more types avalvlable.
MANY MORE PRINTERS. MONITORS. INTERFACES — sssMH: 100 Please send SAE for our detailed leaflet.
’ (] " . { ‘ I
AVAILABLE. CALL IN AT OUR SHOP FOR DEMON- | Siaering Wl ] W Grrrage 5 Bhtra lon drifem
STRATION. BE SATISFIED BEFORE YOU BUY OR|Irons
WRITE IN FOR OUR DESCRIPTIVE LEAFLET. g;?‘lrvw g:g :IP'"’ b“:’ zgg T T
emen
(P&P on some of the above items is -extra) g;gng :g: ::::"s‘;::‘ ‘;g WA FORD ELEC RON lCS
Tel. (0923) 40588 Telex. 8956095




The ideal Christmas Gift!

counters

0.5Ah 2.2Ah 4.0Ah

1.9 8op
10-39 74p €1.99

Stockeode 01-12004 01-12024-

200 North Service Road, Brentwood, Essex CM144SG
Tel: (0277) 230909  In stock items despatched within 48 hours.

REMEMBER 10 4dd 15% VAT & 60p postage to all orders — THANKS!

’“amblt INTERNATIONAL b

A topical selection from the current ambit parts
and equipment catalogue — 148 pagesplus 3 £1
discount vouchers! Send 80p for your copy now!
% mix quantity prices apply for callers to our sales

01-12044 01-84054

£7.49
01-02204

INTERNATIONAL

NiCad battery bonanza time

CHARGERS

o 1 IAh Will recharge AA, C, D and PP3 size cells

= S | & “‘i :" wnh automatic vohage se|ec1lon wilt
- 1 4xD,
~ TR AN AxAkldxC.szPJ.le)#sz.

- 2xD+2xAA, 2xD+1xPP3, 2xC+ 2x AA,
2xC+ 1xPP3, 2xAA+1xPP3. Charge
rate; 11mA for PP3, ASmA for AA size,

} 120mA for C and D size, for 16 hrs.
Power; 240V S0Hz. Output Voltage; 2.9V

for AA, C and D size, 11.0V lor PP3 size.
Weight; 0.475kg. Size; 100 x109x5Smm,

BATTERY ADAPTORS
01-12001

£3.70
£3.50

A unique battery sieeve adaptor set that
converts AA 1o C or D dimensions, and C
10D. Ideol for emergencies

CALL AT OUR SALES COUNTERS AT
SOLENT COMPONENT SUPPLIES,

53 Burrfields Road, Portsmouth, Honts
BROXLEA ELECTRONICS, Pork Lone,
Broxbourme, Herts,

& ot Brentwood, of coursel

ELECTROVALU

on 1% THE P.E.
ENTHUSIAST'S

A-Z
o Uit BUYING GUIDE

It's amazing what you'lt find in
the pages of our current autumn
price list, be you beginner,
expert or professional. The list
below gives some idea of the
enormous stocks we carry, and
our service is just about as
good as meticulous care snd
" nearly twenty years of

- specialisedexperiencecanmakeit
WRITE, PHONE OR CALL FOR
QUR AUTUMN PRICE LIST NOW!

« IT'S

FREE!

pyoﬂ“

Please 3
e on Good Bargains
this 2
foomal Good Service
when 3
applying Good Choice
i
Access facilities Connectors Lamps Semiconductors
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 ICs Resistors Visa facilities
Capacitors Knobs Relays Zener dindes

ELECTROVALUE LTD., 28 St Jude’s Road, Englefield Green, Egham, Surrey
TW20 0HB, {0784) 33603. Telex 264475: Northern Shop {(Callers only) 680
Bumage Lane M/c M19 INA. (061-432 4945) EV Computing Shop, 700
Bumage Lane, Manchester {061-431 4866).

SUPERKITS!

FOR BETTER MUSIC & EFFECTS

Sets include PCBS, Electropic Parts, instructions, Boxes, Wire, Solder. Batteries not
included, but most will run from 9V to 15V DC supplies. Fuller details In fist.

CHORUS UNIT: A solo voice or Instrument sounds like more! ..KIT162 £31.40
COMPRESSOR: Limits & levels maximum signal strength ..KIT133 £10.86
COMPUTER RHYTHM GEN: 9 drums for digrtal control . .KIT185 £30.64
COMPUTER-SYNTH INTERFACE: Sequencing & composing ald KIT184 £17.44
ECHO UNT: With double tracking ........ KIT168 £44.30

FREQUENCY DOUBLER: Raises guitar frequency by 1 ocmve KIT98 £9.80

FREQUENCY CHANGER & WAVEFORM MODIFIER - Tunable ... KT172 £34.46
FLANGER: Fascinating effects plus phasing....... .. .KIT153 £22.74
FUZZ: Smooth distortion whilst keeping natural anack & decav KT £10.57
GUITAR EFFECTS: Multiple variation of level & fiter modulation KIT42 £15.40
GUITAR OVERDRIVE: Fuzz plus variable filter quality ..KIT56 £19.73
GUITAR SUSTAIN: Extends effective note duration .. ..KIT7S £10.04
" GUITAR TO SYNTH INTERFACE: With voltage & trig outputs £32.87
JABBERVOX: Voice disguiser with reverb & tremelo ................. £23.84
MAD-ROJ: Variable sirens, incl. police, galaxy, machine guns £9.96
METRONOME: With audible & visual beat & down-beat Y £13.81
MICROPHONE PRE-AMP: with base & treble switching £9.21
NOISE LIMITER: reduces tape & system hiss £9.97
PHASER: with automatic & manual depth & rate controls £18.40
REVERB: with variable delay & depth controls . £21.02
RHYTHM GENERATOR: 15 switchable rhythms £35.64
RING MODULATOR: with integral oscillator control £15.76
ROBOVOX: versatile robot type voice modifier £21.03
ROGER 2-GONG: 2 gongs sounded at end of transmission £11.38
SCRAMBLER: Codes & decodes authorised chans £22.09

SPEECH PROCESSOR: for clearer transmission —= £9.68

STORM EFFECTS: Automatic & manual, wind, rain, surf £15.86
TREMOLO: deep tremelo with depth & rate control £9.71
VOCODAVOX: modular vocoder ....... £64.31
VODALEK:’ Robot type voice modulator £12.44
VOICE-OP-SWITCH: with variable sensitivity & delay . £13.41
WAH-WAH: with auto-trigger, manual & oscillator control .. £17.26

MANY OTHER GREAT KITS IN CATALOGUE such as Autowah, bass boost, call
sign, comparator, frequency generator, Funky-wobutol, hamonola, hum-cut, mix-
ers, sequencers, synthesiser interface, treble boost, tone control, vibrato, voice filter,
voice operated fader, Wheeby-jeeby!, wobble-wah. Plus digital synthesiser, juniof
synthesiser, envelope shapers, D-A converter, multiwaveform VCO, Keyboards,
contacts, etc. — Send S.A.E. for comprehensive catalogue {overseas send £1).

YES ~ WE ALSO HAVE A KIT MAINTENANCE & REPAIR SERVICE!

Add £1 P&P & 15% VAT to all orders. {Overseas post details stated in cat). Payment
CWO, Chq, PO, Access, Barclay, or pre-arranged collection. Despatch usually 10-14
days. Details correct at press, E&OE.

PHONOSONICS, DEPT. PE3D, 8 Finucane Drive, Orpington, Kent, BRS 4ED.
Tel: Orpington {STD 0689) 37821. Mon-Fri 10-7. Callers by appointment.
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HOME LIGHTING KITS
These kits contain sl necessary components snd tull
nstructions &jere designed 80 fepisce 8 s1andard wail-
swiich snd control up to 300w of ighting
TDR300K RemoteControl  £14.30

MK6 ?::\Tr::mm torsbove £ 4.20
Touchdimmer £ 7.00
Touchswaen £ 7.00

Extension kit for 2-wey
awitching tor TD300k . £ 2,50

TD300K

T5300%
TDEX

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

supplied-  ONLY £10.50

Ejectric lock mechanism for use with Istch
locks and shove kit  £13 50

“OPEN-SESAME"

The XX 103 i3 2 genersi putpose int

cecever with one momentary Inol

contact and  two stches  tea outputs
Designed primaily for controlling motorsed gerage
doors and two aumilliary outputs for driveigarage
lights at a range of up to 40 #. The urit al as
numerous spPICaTions in the home for switching
lights. TV. closing cuttains, etc. Ideal for sged or
disabied pergons

The Kit comprises » mains powered receiver. 8 four
button transrmutter. complete with pre-dnlied bos
requiring & 9V battery and one 0pt@ soleted solid
state switch kit for inter-facing the recever 1o mans
a0pliances As with all our kits, full Instruct.ons are

supphed.
ONLY £23.75

Have you go: our

FREE GREEN CATALOGUE ver>

ALL AT VERY COMPETITIVE PRICES
OROERING IS EVEN EASIER ~ JUST RING
THE NUMBER YOU CANT
FORGET FOR PRICES YOU CAN'T RESIST

5-6-7 8-9-10

CHRISTMAS
PRESENTS GALORE

BEGINNERS
STARTER PACKS

R
0a)
2 M) + NPN & PNP bt
giat::'\;r;a diode check Input imy a.'r:c’:’{a'&'
XBBX31 Mm. Roquires Peg gu ]

and resistames a3 OC SUrTent (200 ma-

Tost laagy ¢ 1udmg ONLY £29.00 battery

Containing r of i

ransistors. LEDs: diodes.

iGdina
capacitors, ICs stc. together with a descriptive booklet with 10 easy-to-build projects plus
a solderlass ¢ircuit board enabling the components to be re-used. Requires 9V battery.

Discreet component pack {no ICs} £5.00

Integrated circuit pack £6.00

STOCKING FILLERS All full spec. branded devices.

PACK (1)
PACK (2)
PACK (3)
PACK (4}
PACK {5)
PACK {6)

650 Resistors 47 ohm to 10Mobm
40 x 16V Electrolytic Capacitors 10uF to 1000uF
60 Polyester Capacitors 0.01 to 1uF/250V — 5 per value £5.55
45 Sub-miniature Presets 100 chm to 1 Mohm
30 Low Profile IC Sockets 8, 14, and 16 pin — 10 of each £2.40
25 Red LEDs (5mm dia.} £1.25

~owore" COMPUTER ¢

10 per value £4.00

=
-z

SHOWROOM

Hours: Mon-Fri 10am

6pm Sat 10am  4pm

—~— MODEL B

o

We 1iso stock peripherals and

accessories - disc drives. prirters,

joy sticks etc. together with a

wide tange of books and the latest

software for all the above
ccmputers including 2X81

SEND S.A.E. FORLIST T

Answering service evngs &wnds ALL PRICES EXCLUDE VAT

MICROPROCESSOR CONTROLLED
MULTI-PURPOSE TIMER

Now you tan run your central heating, lighting, hi-fi system and lots

more with jus! one programmable timer

At your selectron it is

dasigned to control four mains outputs independently, switching on
and off at pre-set imes over 8 7 day cycle, 6.g. to control your centrat

hesting fincluding diHerent switching times for

weekendsl|, just

connect it to your system programme end set il and forget h—the

clock will do the rest,
FEATURES {NCLUDE

13 uipul st8lus NdiCators
12 maws
backup o . nue
bower 18 ot a
e
prog me
wert

Averval

ad 101 prOgramme entry
Programme vericati0n at the touch of a button
Plastic bos with atie a ¢ sCemen printed biont pane

Now only £30

Kt includes all components, PCB
box. assembly and programming
instructions)

- wseomg  Ovder as CT6000
XK 114 OPTIONAL RELAY KIT

x elay. P(B

£3.90

Addiional relays £1.65 aach

A complete kit of top

quality components

including PCB, con-

nectors, sockets and

switches and trans.

» former. £21.00 %
PCB only £4.95

%

24 HOUR CLCCK/
APPLIANCE TIMER KIT

Switches any spDlisnce up to kW on snd off et
preset times once par day X« contans
AY-532301C. 0 5 LED duplay. mans supply
displey drvers. switehes. LEDs, triacs. PC3s
and fuli mstryctons

CTI000K BasicKa [14.90

CTI000K with while box

156131 7¥mm). £17.40

IReady Buitl £2250

5 pet value £3.25

5 per value £2.90
o, 2

Z. Additlonsl Receivers XK111 £10.00
N

DISCO LIGHTING KITS

change, being variables by mes
tiometers and ncorporstes

dimming control £14.60
OLZ1000K

A lower cost version of the sbove. festuring
unditectional chennel i

10 roduce 1adio Nterference 10 & Mnimum

£8.00
rzonse 60p

This 3 channel sound to light kit festures
7010 vOitage switching, sutomstic level
control and but in M. No connections to
speakeror emo required. No knobs 1o adjust

$mply connect to mains supply end

emes (Kwchannel Oty £41,95

Optionat opto input DLAT

Allowing sudio (“"beat ght

HOME CONTROL CENTRE

This kit enables you 10 control up 1o 16 different
soDHeNCes snywhere n the house from the
comfort of your armchar The transmutter
njects coded oulses into 1he Maing which are
decoded Dy t4cever modules connected 1o the
same Mains SupPly 8Nd UBET t0 BWITCh OF the
appliance asadressed  “he transmitier 210
inciydes s COMPUTER interface so you can pro
gramme your lavounte micio leg. ZXBY to
switch ights, heating. eiectric blanket. make
youf morming coffee.  etc sutomanically
without rewining your house JUST THINK OF
THE POSSIBILITIES. The kit includes all PCBs
and components for one transmdter and two
tecervers. plus a ore-drlied box for the
transmitter

Order as XK112. £42 00

REMOTE CONTROL KITS

FOR A OETAILED BOOKLET ON REMOTE CONTROL
- 1and J0p - 6 = 9" SAE

MKE SIMPLE INFRA RED TRANSMITTER

Supphed with Rand he!d pisstic box. Aeguitas IV
(PP battery 4.20
MK INFRA RED RECEIVER
Mang powered with tr
SO0W #1 240V oc A

momantary contio

1RC 500K

oviput 10 Swiith up to
sppros. 20 11 onoft or
9.00

soecist MKE MK 7
MK & WAY KEVBOARD £12.501
For use wih MK 18 MK 12 ransmdiar raceiver
whete only 4 Channe!s a18 requied €r.90
MK10 16 WAY KEYBOARD £5 40
MK11 10 chennel + J ansiogue o/p receiver
A mans powered LA mcewver proviging control
.gnals to 10 on/oft and 3 snatogue circuits May be
used for conlrolling the volume of en ampi
brghtness of e lamp stc f
MK12 16 CHANNEL LR RECEIVER
A mains poweres LR Recews: Providing up 1o 16
outpuls for switching €11.95
MK18 based on the SLASO This kit ncl

0.

prce “or

om coded @
PP3Ibattery ondheyDosrd IMK 9, MK 10 or MK13i 3128
8 « tlcm Range sporox 60 h (6.20
MK13 11 way keyboerd f0r use with MK18 ang MK 11
435,

DVM/ULTRA SENSITIVE
THERMOMETER KIT
This new design ks based on
the ICLY126 (s lower power |
version of the ICL7106 chip)
and a 312 digit liquid crysts!
disp.ey. This kit will form the
basis of a giginal myRimeter
(only a few additionsl resisiors and swiiches
e requi detail tled), or b i
digital thermometer (-50°C to  +150°C)
resding to 0.1°C. The basic kit has @
sensitivity of 200mV for 8 full scale resding.
automstic polarty Indication and sn ufirs
low power requirement—giving 5 2 yesr
typical battary lite from s standsrd 3V PP3
when usad 8 hours a day, 7 days a week.
Price £15.50
Add 65p postage & packing + 15% VAT to
totat Overseas Customers:
Add £2.50 iEurope), £6.00 {elsewhere) for

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

9, S5pm {Mon to Fri)
OPEN aTO‘aom ?c’)“dpmo?S:l) "

AUING & NORTH
IRCULAR RO =

FAST SERVICGE - TOP QUALITY - LOW LOW PRICES

No circuit is complete without a call to -

ELECTRONICS™

11-13 BOSton Road ACCEE 1 4 TEL 01-567 8910 ORDERS
London W7 3SJ  [m: -wiiaee oimamiencumes

AN
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" HENRY'S

AUDIO ELECTRONICS

COMPUTERS ¢ COMMUNICATIONS © TEST EQUIPMENT « COMPONENTS
VISITOR PHONE « OPEN 6 DAYS A WEEK « ALL PRICES INC VAT

. THERMAL MATRIX
\ & LINE PRINTER

COMPLETE WITH FULL £ 99 e
HANDBOOK. 3 RDLLS PAPER 95 w1
£86.91 - VAT [UK post etc £1.05) {Lisi approx £187 §
150 @ 180 LPM «'Fuli 98 CH ASC 11 ® 40 CPL » 280 Dots P/L
Auto-undarline ® 50 Graphic Symbols « Back Space » Sail
Tast » VU/HOR TABS 7 x 1D Malrix » 4 4” Wide Paper
Bidirectional ® 220/240 ¥ ACe Size Agprox 98x28x 7.7
SUITABLE FOR: TANDY » BBC » ORIC » NASCOM « GEMINI«
ACORN < NEW BRAIN« DRAGON = stc eic
{Your snqulries dnvited|
{intes unil with leads €15 - slate model|

PRESTEL CHERRY'ADD-
ADAPTOR 3caraser |ON KEYPAD
with data etc [P/S </- 12V 16 button

and ‘Vl £59.95 inc VAT 1

BY approved ready assembled
unil with data and
accessorias. £39 95 inc. VAT

DIGITAL MULTIMETERS

@with case [rotary swilches)
<Side button - case £2.95
K025C® 13 range (.24 OC.
2 meg ohm £23.50
X0305 8 16 range qu uc
Z meg ohm
KD30C & 26 range |A
AC/0C 20 meg ohm £29.50

KDSS5C @ 28 range 10A AC/0C 20 meg ohm £33.50

Metex 3000 @ 30 range 10A AC/0C.

20 meq ohm

6010 - 28 range 10A AC/0C 20 meg ohm

7030 4- AS6010 high acc. 0.1% basic

KDG15 @ 16 range 10A OC 2 meg plus

Hle tester

SIFAM 22008 2I range 2A AC/0C 20 meg

Bench Model

TM355 29 nnqz LED 10A AC/DC 20 meg

Thandar

TM356 26 range LCO 10A AC/0C 20 meg

Thandar (Raplaces TM353]

TM351 29 range LCD 10A AC/OC 20 megq.

Thandar £120.75

SIFAM 250024 rangel.CO 2A AC/DC 20 meg. £79.95

ALSO IN STOCK Thuriby. Metrix and Beckman.

Professlonat series Incl. True Ams. elc.

SANYO DM2112 HIGH
RESOLUTION MONITOR

1Z green display
Composite video.
1280 characlers:
Over 15 MHZ B/W:
240VAC34w: \
167 115" 21274
Alphanumeric and

Graphic disphay:  Usvally £89.35 - £99.95

Prlcc£69-95 l'lfj‘:l l\:’/‘:& ins £2.09]

1.7.T. 2020

CABINET

Compiete PROFES.

SIONAL Case

beavtitully consinucted

with cul out lor one

‘CHERRY weyhoard. pius

ample room lo house 2 COMPLETE SYSTEM and power
supply. Complete with hilings.Case top delachable). Unli1s
sélver grey 1n colour. Robust construction. Sloping Iront
wilh gide ventllation. ideal lor NASCOM, ACORN. TANGE RINE
or your own system Size 18 x 15'5 x4 {iront slopes|

£27 50 nc. VAT [UK C/P £2 50)

MULTIMETERS 1ux ¢/ 65p1
C7081 50 K/Volt range doubler.10A OC
Totat 36 ranges Speciat Ofter  £12.50 L
HM1 0282 20K/V 10A OC 22

range & cont. buzzer £13.50

TMXS00 23 ranges 30K/ V.

12A OC plus cord. buzzer £23.95

NHS6R 20K/ V. 22 range pocket

B30A 26 range 30K/V. 10A AC/DC overlozd
protection. sic

3607TR 23 range 100K/V. Large scale 10A
AC/0C plus Hie

AT2100 31 range 100K/ V deluxe. 124
AC/0C

—- AT1020 18 range 20K/V¥. Deluxe plus Hie

lester
YN360TR 1€ range 20K/V plus Hie fester

LOGIC PROBES, ~7
LP10 10 MHZ

DLPS0 50 MHZ with cmy :m lml
accessories £49.95

SIGNAL GENERATORS 1220/240v acy

FUNCTION: All sine/squars/irlangle/TTL eic
TG101 0.02HZ-200KHZ £113.85
16102 02H2-2 MHZ £166.75
PULSE

T6105Various facilities 5 HZ-5 MHZ
AUDIO: Multiband Sine/Square
LAG27 10 HZ 1o t MHZ £90.85
AG202A 20 HZ 1o 200 KHZ [tist £94.50) £83.50
;:G 120A 10 HZ-TMHZ Low Distorlion £159.85

$6402 100 KHZ 1o 30 MHZ [lig1 £79 50)
LS&17 100 KHZ 10 150 MHZ

£97.75

HIGH VOLTAGE METER
Direct reading 0/40 KV
20K/volt. £23.00 {UK C/P 65p|

DIGITAL CAPACITANCE
METER iuxc/pesp

0.1 p! 1o 2000 méd LCQO 8 ranges
0M6013 £52.75

0SCILLOSCOPES
Full-specilication any model
on request. SAE by post
‘WM Seeies HAMEG: "SC”
THANDAR: €S TRID:

—1 "3 CROTECH 'V HITACHL

SINGLE TRACE UK C/P £300
3030 15 MHZ Smy. 95mm tube plus component
taster £17
SC1 10A® Miniature t) MHZ battery ortabie
Posi free

TRANSISTOR TESTER

Otrect reading PNP: NPN. stc
£2
{UK C/P 85p}

VA BIABI.E POWER SUPPLIES
[UK C/P £1.00

PP241 0’12/24\1 0/1A £35.00
PP243Jamp version  £59.95
PS1307S 8/15V M— {5
Tamp twin meter £24.95 .g-‘h o

FREQUENCY COUNTERS
PFM200A 200 MHZ hand held pocke!

B8dlgn LED £77.60
MET 1008 igitLED bench2 ranges 100 MKZ £102.35
METB00B digil LEO bench3 ranges 600 MHZ £132.25
MET 1000 8 digit LEO 3 ranges | GHZ £182.85
TFO40 B digit LCD 40 MKZ. Thandar £126.50
TF200 3 digit LCO 200 MHZ. Thandar £166.75

HENRY'S

404-406 Edgware Road. London. W2 1ED
Computer: 01-402 6822. Components: 01

301 Edgware Road. London, W2 18N
01-724 3564 (AN mail to this address)

-723 1008
Test Equipment & Communications: 01-724 0323

RUDIO €ELECTRONICS

£171.00
carry case £6.84 AC adaptor £6 69
Nicaos £12.50
HM103 15MHZ 2my. 6 x T display phus
componeni tesier C/P £3 00
OUAL TRACE (UK C/P £4.00}
HM203/4 Dual 20 MHZ plus comporent
lester
CS1562A Duat 10 MHz [LIxt €321 00}
3131 Dual 15 MHZ « companent lester
CS1566A Oual 20 MHZ All faciities IList £401 35|

HM204 Dual 20 MHZ plus component tesisr i
sweep delay £4
HM705 Dual 70 MHZ s weep deldy
¥212 Dual 20 MHZ
V222 Dual 20 MHZ plus exira tacilities
¥422 Dual 40 MHZ portable
V203F Oual Trace ZOMHZ sweep delay
¥134 0Quat Trace 10 MKZ storage
Al HITACHL, CROTECH £ TRIO o With probes
MODELS AVAILABLE
ﬂDNAl PROBE XITS
Xt£7.95 0£9.45 X1 - Xt0£10.50

Muun stocks of semicons.

£181.70

H components, tools, atc. Large range of
Cubegits Limited C8 equipment and telephones in stock.

CALLIN AND SEE
FOR YOURSELF.
DRDER 8Y POST OR PHONE.

Orcer by Post witn CHE QUES/
ACCESS/ VISA or you can lelephone
your orders, All orders de 1[4
within § days uniess sdvised,

MIDWICH

@D COMPUTER COMPANY LIMITED

RICKXNGHALI. HOUSE. HINDERCLAY ROAD. RICKINGHALL, SUFFOLX P22 |HH. TEL.DISS (0379) 896751,

BBC M.\crocompufers
Model B 348 26
Model B +Disc Int 43321

NB Credit cards are nol aceepled fn paymenl for
BBC Microcomputers

BBC Micro Econet
Full range of products available. Installation
service available

BBC Compatible Disc Drives
Cased drives, linished Io match the BBC Mic1o are

6500 Pamilg SN75454BP 0.24
3 4.40 | SN75468N 1.08
D3 467 | SN75491AN 045
DI 267 | SN75492AN 06l
6520A Dl 280 | TLOIOCP 0.38
6522 D5 347 | TLOBICLP
65224 D5 440 | TLOS2CP 047
6532 D2 533 | TLOGACN 0.89
6532A D2 587 | TLOGGCP &m
TLO7ICP 2
Linear & Interface| TL072CP 047
Devices TW?C;‘ gg}
6402 6.00 | TLOBICI
AY3.1015 D2 292 | TLOB2CP 041
AY3-1270 650 | TLOBACN
AY3.8910 D6 448 | TLOSICP 04l
AYS.3600 D2 7.37 CP 080
DP8304 Dl 192 CN 137
L2038 080 | TLe87CP 055
HoH 'n.:gaggn ?‘ﬁ
LM30IAN 0.4
LM308AN 073 | TL4SGCP 030
LM308N 0.47 CP 02
LM3IIN 084 | ZNASOE 529
[M319 223 | DMSIE 638
LM324N 0% | ZNesIKIT 2565
Dem 12
LM348N . DIL Sockets
LM358N 028 | Pin Tin Gold W/W
LM3®N 0.34 8 010 024 058
LM725CN 13| 14 012 028 Q77
LM741CP Q18| 16 013 032 086
LM747CP 048 1 18 016 032 1.08
LM748CP 022 20 017 041 123
MC1413P 1 068 017 048 131
MCl416 DI 066 24 020 063 la4
MC1458CPL 0. 2 023 057 159
MC1495L 7131 @ 033 099 16
MC1496P g.as
MCI1723P .32
MC3242A 525 | ZIF Sockets
MC3302P 040 | 24P 580
MC3340P 197 | P 635
MC357P 156 | 40P 8.45
wosk, o2
Mi 4
MClsAP DI 240 | DSitEage
MC3447P 3, morked D
mg;gsp Dl :;32 Prices aze as follows
MCM80P D5 647 | D! 075 DS 250
MCME7P DI 150 | D2 100 D6 3.00
MCl4ll Dl 852 | D3 125 D7 400
MC14412 1187 | D¢ 2.00
NESSSP 0.9
NESS6CP 0.45 1 Atullrange of the
RO3-2513L DI 782 | following productsis
RO3-2513U DI 782 | camedin stock and is
SN7S107BN 038 | listed n ous FREE
SN75110AN 088 | caralogue
SN75150P 072
SN7S154N 087
SN75159N 119 | % 74LS Senes TTC
SN7S160AN 215 | # 4000 Senes CMOS
SN75161AN 235 ﬁ T1 Bipolar Memories
SN75162AN 331 nes Micios
SN75172NG A Crystals
SN7SI73N 121 | %IDC,CardEdge s
SN75174 1.64 D-Type Connectors
SN75175 1.2l | % Dip Jumpers
SN75182 062 | % Monochrome &
SN75183 0.62 Colour Monitors
SN75188 D.44 (NEC & KAGA)
SN75189 0.44 | % Eprom Programmers
SN75451BP 0.24 &Etasers
SN75452BP 0.24 |  Custom Cable
SN75453BP 024 Assemblies

SPECIAL OFFER! SPECTRUM
32K UPGRADEKIT £24.95

Cartriage Orders up to ClSSme sentby Istclass
postand £200+ b

0-£1000 S0£100- Cyl99 1 25:2004-5 00 by Secuncor
Prices quoted (+ camage charges) are exclusive
ot VAT and are subject t6 change withoul notice.
Quantity Discounts are available on many
products, please ring for delails.

Official Orders are welcome fom Education
Establishments, Govemment Bodies and Public
Companies

Credit Accounts are available lo others subject
to status Payment is due stnctly nett by the 15th ot
the month.

Credit Cards are accepted (Access and Visa) for
telephone and poslal orders and NO SURCHARGE
is made.

Out of stock items will lollow automatically, at owr
discretion, or a refund will be given it requested

supplied complele with connecting cables, manual
and utilities disc
All single cased dnves may be ezpanded to dual
c ration by the addibon of the appropnate
uncased mechanism
Disccapacity  Single Dual  Uncased
100K 40T 17500 31500  140.00
20K 40TDS. 22500 42000 19500
400K 40/80TD.S 28500 52500 24000
Trade/eruanting di SRR
BBC3 Disc Intertace 8495
Piease send for our BBC Micto pnice list. Full range of
accessones available,
Memories Regulators
A4L20 Dl 092 | 78105 026
411615 D2 105 | 78L12 026
411620 D2 088 | 78LI5 026
4118.15 Dl 375 | 7805 033
416415 D2 4.33 | 7812 0.3
4164-2 Dz 385 | 7815 0.3
4416-20 D2 660 | 7905 046
4564.15 5.25 | 7912 046
5516.25 773 | 7915 046
61163 D1 372 | LM309K 038
6116LP3 D2 467 | LM3I7K 192
253245 D2 350 | LM3BK 458
2708-45 D2 325 | (M338K 521
2716-35 DI 4350 | 7BHGASC 813
271645 DI 350 | 78HOSSC 52
2716-3 Dl 450 | 78HI12ASC 7.40
2732-35 DI 458 | 78540DM 628
23245 Dl 375 250
TaaonsT D 3%
£ 3! .
2164 250NS BBC  §35 | 6800 Family
2564.30 Dz 600 | 5500 Dy
7130  D224s0 | 8802 - 3?3
Buffers 6809
81LS8s 0.9s | 6810 pl 125
g1LS% o9 | 682l D3 131
81LSg7 035 | 6840 Dy 3.2
aliis ‘95 | 6843L 2088
8T25A (880AP) 078 | 9845 D5 S8
6850 D2 131
BT28A (6889) 078
8735 (5885) 078 | 5862 i
sro7Aeegn 078 | SB7LAI o
68488 8
BTSS (6888) 078 g& o i
Du’taConverf 4
DI 370 | 68809 D6 996
N D1 15s | 68821 D3 158
DisE8 DI 313 [ BBIO Dt
DNOSER D1 167 | 8B40 B
ZNA2TE® DI 575
INASES DI 133 | MCBSBSIP 775
ZN429E-8 1.33
ZN432CE10  D12598 | Z80 Family
ZNAS2E.10  DL1088 | ZBOACPU D2 242
ZNA33C}10 DI 2098 | ZBOBCPU DI 7.78
ZN44D D147.43 | Z0ACTC DI 220
ZN4a7 DI 670 | 20BCTC_ DI 778
ZN448 Dl 575 { Z8A DART DI 550
IN#49 | 235 | Z0ADMA D2 635
ZN4a) D14032 [ Z0API0 DI 220
ZBBPIO DI 7.78
Crystals 280 SIO-0 D4 850
Al11B IMHs 422 | 20ASIO0 D4 900
Al12A |.O0SMH: 342 | ZROBSIO0 D4 2978
AL13A 18432MH: 288 | 280SI0-1 D4 850
Al16A 24576MH: 1.00 | 200ASIO-} D4 9.00
A169A 36864MHx 155 | ZBOBSIO-1 D4 23.78
AI20BAMH:x 085 [ ZM0SI02 D4 850
AI2ABMH: 072 { Z0ASI0-2 D4 900
A140A 8MH: 100 | ZBOBSIO-2 D4 2378
AI73A 9B304MH; |40 | MK3886 700
A182A 19 6608MH: MK3885-4 800
o
8080 Famil
UHF Modulators | gogsa 34 07
UMILII6MH: 217 | g212 150
UMIZB8MHs 325 | g216 7
. 8224 1%
Floppy Disc 8228 325
Controllers 8251A D5 260
1P 53.33 | 8253 3
FDIT7IP * DS21.25 | 82554 DS 250
1791 D6 1700
D179 D6 1700
FD1735 D6 24.35
DI797 D6 24 35
WD1691 D21200
WD214301 D2 7.90

SPECIAL TELEPHONE NUMBER FOR FAST,
IMMEDIATE SERVICE. TELEPHONE YOUR

&l oro:roDISS (0379) 8981751

Prices: all prices rT ok e e o S R

o FREE CATALOGUE post 1o Midwich Computes Company Lunited
hall House, Hind Road, R hall. Sublolk 1P22 IHH

exclude V.AT. and Pack
carriage. Please add

these to your order. Fome

All prices correct at Addiess

time of going to press
E_g Pischone
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ASTER
ELECT ONICS

YOUR CAREER..YOUR FUTURE..YOUR OWN BUSINESS ..YOUR HOBBY

THIS ISTHE AGE—OF ELECTRONICS!
the world's fastest growth indusitry...

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

Also — the most exciting of all hobbies — ecpecial y if you know the basic essentials of the subject. . . .
A few hours a wzek for less than a year — and the knowledge will be yours. . . .
We have had over 40 years of experience in trainirg men and women successfully in this subject.

Our new style course will enable You will do the following:
anyone to have a real urderstanding @ Build a mocern oscitloscope

of electronics by a rodarn, practical @ Recognise and handle current electronic
and visual pethod. No grevious components

knowledge is required, ro maths, and . . ;
an absolute minumum cf theory. @ Read, draw and understand circuit diagrams

You learn by the practical way in @ Carry out 4D experiments on basic
easy steps, mastering all the essentials electronic ¢ rcuits used in modern
of your hobby or to start, or further, a equipment using the oscilloscope
career in electronics or &s a self- @ Build and digital el N, i it
employed servicing engineer. uild and use digital e ?Ctl:Orl'IC ciscuits

All the training can ®e carried out in and current solid state ‘chips
the comfort of your own home and at @ Learn how 10 test and service every type
a‘::)"r:‘;“gu"s:: ‘:r "t‘;'g; ,';)‘:“;"""y"’g'tea‘:y of electronic device used in industry and
time, for advice or halp during your commerce taday. Servicing of radio, T.V.,
work, A Certificate is given at the end Hi-Fi, VCR and microprocessor/computer
of every course. equipment,

| CACC) British National Radio & Electronics Schoel Reading,Berks RG1 1BR

R R R ) O B B B R G B B T D O D G EE EN B R EE B B B e D e BN . .
| am interested in
{1 couRse IN ELECTRONICS
NAME PE/1/84 as described above
— | RADIO AMATEUR LICENCE
] MICROPROCESSORS

=== e — OTHER SUBJECTS
please state below

l Please send your brochure without any obligation to

COLOUR BROCHURE

{
|
¥

_)

ADDRESS _

\

OR TELEPHONE US

BLOCK CAPS PLEASE 0734 51515 OR el DL

TE LEX 22758
POST NOW TO CAC

LBrithhNatmmlRadm&Electromcs SclwolReadmg Berks.RG1 lBR_,J

x
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AMPLIFIERS ST

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 cureently 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, emploved within the UK. We feel very proud

of all this and hope you can reap some of our success.

I.L.Potts — Chairman

)y  WE'REINSTRUMENTAL
: 7 IN MAKING A LOT
OF POWIER

In keeping with {LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
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 | Quiput Load j OISTORTION Supply Size WT | Price Moduie | Output Load ‘ DISTORTION -TSu»Oy Size WT | Price
Number Power |Impedance | T.H.D. 1LM.D. Voltage mm gm nc. Number | Powsr | Impedence| T.H.D. 1LM.O. Voltsge mm [ ] nc.
Warts 0 Typ at 60H1/ Tye VAT Watts 0 Typ at 60Hz/ Tve VAT
rm TKHT  7KHz 4:1 rms 1KHz  7KHz 4:1
HY30 15 4-8 0.015% <0.006% +18 76 x 68 x 40 240 | €8.40 MOS 128 80 4-8 <0.005% <0.006% x 45 120 x 78 x 40 420| £30.41
HYB0 30 4.8 0.015% <0.006% 1725 76 x 68 % 40 240 | £9.55 MOS 248| 120 4.8 <0.005% <0.006% £ 55 120 x 78 x 80 850| £ 39.86)
HY6060| 30 + 30 48 0.015% <0.006% x 25 120x 78 x 40 | 420 [£18.69 MOS 364| 180 4 <0.005% <0.006% 1 55 120 x 78 » 100 | 1025 £45.54
HY 124 60 4 0.01%  <0.006% +26 120x 78 x 40 | 410 | £20.75
HY 128 60 8 0.01% <0.006% 135 120 x 78 x 40 410 | £20.75 Protection: Able 10 cope with complex 1oads without the need for very soeciat
HY244 120 4 001% <0.006% | £35 [120x78x50 | 520 |£25.47 pratection circuitry {fuses will suffice)
HY 248 120 8 0.01%  <0.006% £ 50 120 x 78 x 50 520 {€25.47 Slew rate: 20v/ps. Rise time: 3us. S/N ratlo: 100db
HY 364 180 4 0.01%  <0.006% +45 |120x 78 x 100 | 1030 | £38.41 Frequency response (—3dB8): 15Hz — 100K H2. Input sensitivity: 500mV rms
HY 368 180 8 0.0t%  <0.006% % 60 120 x 78 x 100 [1030 | £38.41 Input impedance: 100K £k Damping factor: 100Hz >400.
Protection: Full load line. Slew Rate: 15v/pus. Risetime: Spys. S/N ratio: 100db. L P' n Ca htertainme
Frequency response (~3dB) 15Hz — 50KHz. Input sensitwity: 500m V. rms. NEW to ILP" In Cur E nments
Input Impedance: 100K f1 . Damping factor: 100H2 >400, Ct5
Mono Power Booster Ampiifier todncrease the output of your existing car radio
PRE-AMP SYSTEMS or cassette player 10 @ nominal 15 watts rms.
f— Ve to use,
[Modute | todute Functiont [ Current | Price inc. VR O .
Namber | Required | VAT J' Robust construction £9.14 (inc. VAT)
HY6  [Mono pre amp [ Mic/Mag. Cartridge/Tuner/Tape/ | 10mA €760 | Mounts anywhere in car.
AGXL+ Vol /Bass/Trabiel Aulomatic switch on
HY66 |Siereo pre amp | Mic/Maqg. Cartridge/Tuner /Tape/ 20mA £14.32
Aux + Vol/Bass/Treble/Balance Output powes maximum 22w peak into 441
HY73 | Guitar pre amp | Two Guitar (Bass Lead) and Mic + 20mA €16.36 | Frequency response {—3d8) 15Hz to 30KHz, T.H.0. 0.1% st 10w 1KH2
separate Volume Bass Trebie + Mix | $/N ratlo (DIN AUDIO} 80JE. Load Impedance 361
HY78 | Sterec pre """I As HY6E6 less tone controls l 20mA £12.20 | Input Sensitivity and impedance [selectabie) 700mV rms into 15K 3V rms into 8 4L
- Size 95 x 48 x 50mm. Weight 256 gms.
Most pre-amp modules can be driven by the PSU driving the main power amp.
A separate PSU 30 is available purely for pre amp modules If required for C1515
£5.47 {inc. VAT, Pre-amp and mixing modules in 18 different variations Stereo version of C15 £17.19 {inc. VAT)
Prease send for details. )
a
Mounting Boards Size 95 x 40 x 80. Weight 410 gms.
For ease of t we rec the BB for HY6-HY 13 £1.05 ——
finc. VAT) and the B66 for modules HY86—-HY 78 £1.29 {inc. VAT)
POWER SUPPLY UNITS (Incorporating our own torordal transformers)
Model | Fof Use With [Price inc. | Model | For Use With Price inc. ] For Use With Price inc.
Number VAT | Number VAT Number | VAT
PSU 21X [1or 2HY30 i 93 | PSU 52X | 2 x HY 124 £17.07 PSU 72x |2 x HY248 122.54
PSU 41X |10r 2HYE0. 1 x HYB060, 1 x HY124 | PSU 53x | 2 x MOS128 £17.] PSU 73X | 1 x HY364 £22.4
PSU 42X |1 x HY128 E: PSU 54X | 1 x HY248 £17.86 PSU 74X | 1 x HY 368 | £24.20
PSU 43X |1 x MOS128 : PSU 55X | 1 x MOS248 £19.52 PSU 75X | 2 x MOS248, 1 x MOS368 124.20
PSUSIX [2x HY128. 1 x HY244 PSU 71X | 2x HY244 £21.75
— d

e e el
Post to: ILP Electronics Ltd., Dept. 1, Graham

| N Bell House, Roper Close, Canterbury, Kent CT2 7EP
sLecTRONIca Lro. Tel: (0227) 54778 Telex: 965780

Please note: X in part no. Indicates primary voltage. Please insert ‘O™ [n place of
X for 110V, “17 In place of X for 220V, and "'2" in place of X for 240V.
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TOROIDALS [,

OUTER g
INSULATION f
The toroidal transformer is now accepted as the standard In industry, Py
overtaking the obsolete taminated type. tndustry has been quick to B 4 ([
recognise the advantages toroidals offer in size, weight, lower radiated SECONGARY, o Wl H 4 NEOPRENE
field and, thanks to I.L.P,, PRICE, WINDING 7 WASHERS
Our large standard range is complemented by our SPECIAL DESIGN INSULATION |~ &
section which can offer a prototype service within 7 DAYS together
with a short lead time on quantity orders which can be programmed PRIMARY CORE
to your requirements with no price penalty. WINDING e END CAPS
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Kg 140 x 60mm 4Kg :
Regulation 19% Regulation 13% Regulation 11% Regulation 7% Aegulation 4% Why a Toroid?
H : .
s:m:s SECONDARY RMS 2x010 646 416 42010 646 10.00 6x012 12412 9.8 ax016 25425 10.00 Smal!er size & weight to meet
Volts Current 22011 949 277 ax01y 9+9 666 2!8:3 :-‘;0:: ;32 81017  30+30 833 modern ‘stimline’ requirements,
2x012 12412 208 2012 12012 £.00 X! + 81018 35435 74 . f ;
0x010 646 125 2x013  1541§ 166 41013 15415 4.00 6x015 22422 511 82026 40440 625 . Low electricatly induced
0x011 949 83 2x014 18418 138 2014 18418 133 6:016 25425 4.50 8x025 45445 555 noise demanded by compact
0x012 12412 63 22015 22422 113 4015 22422 2.72 65017 30430 375 82033 50450 500 equipment.
0x013 15415 050 2:016 25425 1.00 4016 25425 240 62018 35+35 32 81042 55455 454 * " High efficl bli
01014 18e18 042 2:017 30630 083 ax017 30430 200 6x026 40440 281 81028 454 LnEeAlcrEncy/ oAb ing
g-g:z ;g:;g 0 3; 2x028 110 0.45 42018 35435 [K{l 21823 ﬂgﬂg 252»0 82029 220 227 conservative rating whilst main-
. 2x029 220 0.22 42028 10 109 x03 5045 225 82030 240 208 ing si
0x017 30430 025 2:030 240 020 4029 220 054 Goz8 110 204 25TVA ?'nll.'::&/se'ﬁ);:\r/:g:\agg:s;npe .
i 41030 240 0.50 6x02' 0 ) el rature,
{encased in ABS plastic} . 3050 VA " - 62030 240 093 140 ; 75':"'! 4%5'<0
m
70 x 30'11?'(\) s 45Kg Regulation 12% 110 x 40mm 1.8Kg 300 VA e Why ILP?
Regulation 18% Regulation 8% 110 x 50mm 2.6Kg 9:017 30430 10.41 * Ex-stock delivery for small
N S0 ke o A 2je2 RESTLIELG Sz dcea0  7er | quantities
1x010 646 50 31011 949 444 1 7 - ool el
Tosh e Hes 2012 12412 333 R To1s  bers B et By 68 ° Gold service available. 21 days
s 2 :g 128 3:(’:3 ety §§§ u0ps ;g’;g N 71015 22422 6.82 91042 55+55 5.68 manufacture for urgent deliveries.
) & ¥ +2 X 74016 25425 600 ;
s Bies1s (N0 60 1o gg:gg i 016 25025 320 75017 30430 5 00 3:853 . o * 5year no quibble guarantee.
1201 + 6 5017 3043 2.66 7x018 35435 428 * isti i
Woia Wl asos] oo 3_0” 30430 133 A RS on 7:025 40:40 522 9:030 240 2560 Realistic delivery for volume
1017 30430 050 3x028 1o 0.72 51026 40440 200 7x025  45e45 3233 orders.
J:bzs 220 0.38 51028 10 145 7:033 50450 300 * No price penalty for call off
3x030 240 0.33 51029 220 0.72 72028 11 272 orders
51030 240 066 71029 220 1.36 :
71030 240 125
Prices including P&P and VAT Mail Order — Piease make your crossec §
VA Size £ VA Size € cheques or postal orders payable to ILP Post to: ILP Electronics Ltd., Dept. 6
;g z‘) ;33 ;eo 5 lé.SO Electronics Ltd. Graham Bell House, Roper Close,
25 6 16.30 ; ;
3 dp B % . T e el e Canterbury, Kent. CT2 7EP
80 3 10.81 500 8 3 ¢ 4 .
= e S S oraS e ) 54778 Telex: 965780
For 110V primary Insert O In place of “X"* in type number.
For 220V primary {Europel insert “1°" in place of X" in type number. —
For 240V primary {UK) insert '2" in place of “X'* In type number. VISA
IMPORTANT : Regulation - All voltages quoted are FULL LOAD.
Please add regulation figure t0 secondary voltage to obtain otf load voltage. —
ELECTRONICS LTD..

uess who builds this great

Logic Probe..YOU!s, £14.50

With this easy-to-build Logic Probe Kit from GSC and just a
few hours of easy assembly — thanks to our very descriptive

step-by-step manual — you have a full performance logic 2 = Complete,
probe. =t o easy-to-loflow
With it, the logic level in a digital circuit is indicated by light K <P instructions
Y help make this a

from the Hi or Lo LED; pulses as narrow as 300 nanoseconds
are stretched into blinks of the Pulse LED, triggered from
either leading edge. You'll be able to probe deeper into logic
with the LPK-1, one of the better tools from GSC.

b one- night project.

GLOBAL SPECIALTIES CORPORATION | N IS N EE G5 0 . S S S e -
GLOBAL SPECIALTIES CORPORATION. DEPT 5Z

I Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. l
l Name - N s
Address l
G.S.C. (UK) Limited, Dept. 52 Inc P&P and 15% VAT { enclose cheque’ FREE Catalogue l
Unit 1, Shite Hill Industrial Estate, I LPK-1 £17.82 | (0 ¢ tick box[]
Saffron Walden, Essex. CB11 3AQ Phone your order with Access, BarcClaycard I
Telephone: Saffron Walden (0799) 21682 or American Express Card No. Expirydate
Telex: 817477 I Fr Ir r1rJrrrryr I 111 111
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THE 1984
GREENWELD
CATALOGUE

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

i

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 tuming
of the vehicle, and a gearbox contained
within the black ABS housing, reducing
the final drive speed to approx S0mpm.
Data is supplied with the unit showing
various options on driving the motors
etc, £5.95. Suitable wheels also avail-
able: 3" Dia plastic with black tyre,
drilied to push-fit on spindle. 2 for £1.30
{limited qty). 3" dia sluminium disc
3mm thick, drilled to push-fit on spin-
die. 2 for 68p.

NUTS, SCREWS, WASHERS &
BOLTS

Over 2 million In stock, metric, BA, self-

tappers etc. SAE for list.

VEROBLOC £1 OFF!!
Our biggest selling breadboard on offer
at a special price of £4.10,

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.

STABILIZED PSU PANEL
A199 A versatile stabilized power sup-
ply with both voltage {2-30V} 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
500mi of water. Only £1.15. Also abra-
sive polishing block 95p.

LECTRO-DIAL

Electrical combination lock ~ for maxi-
mum security — pick proof. 1 million
combinations! Dial is turned to the right
on one number, ieft to a8 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.

COMPUTER GAMES
2901 Can you follow the flashing light/
pulsating tone sequence of this famous
game? Supplied as a fully working PCB
with speaker (no case) plus full instruc-
tions. Only £4.95

2902 Probably the most popular elec-
tronic game on the market — based on
the old fashioned pencil and paper bat-
tleship game, this computerized ver-
sion has brought it bang up to datel 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. Instructions and circuit, 30p.

PUSH BUTTON BANKS
W4700 An assortment of latching and
independent switches on banks from 2
to 7 way, DPCO to 6DPCO. A total of at
least 40 switches for £2.95; 100 £6.50;
250 £14.00; 1000 £45.00.

“THE SENSIBLE 64"
David Highmores new book on the
Commodore 64 now available £5.95.

TELESCOPE AERIALS
As used in Sinclair microvision, 9 sec-
tion 100-610mm. Only 95p.

NICAD CHARGER
Versatlle unit for charging AA, C, D and
PP3 batteries. Charge/test switch, LED
indicators at each of the 5-charging
points. Mains powered. 210 x 100 x 55
mm £7.95.

BULK BUYERS

Send SAE for latest list, transistors from |

.032, zeners .029, L.C's .07.

RELAYS
Reed relays like RS 348-970 etc.
W950 12V SP make 500R 60p
W953 12V SPCO 500R 90p
W954 24V SP make 750R 60p
W955 24V DP make 750R 90p
RIBBON CABLE

Special purchase of muiticoloured 14
way ribbon cable — 40p/metre; 50m
£18.00; 100m £32.00; 250m £65.00.

TTL PANELS
Paneis with assorted TTL inc. LS types.
Big variety. 20 chips £1.00; 100 chips
£4.00; 1000 chips £30.00.

HEATSINK
2905 Finned black ally heatsink 125 x
198 x 23mm with 4 x 2N3055 and 4 x
OR25 R's. Only £2.50,

TREAT YOURSELF TO A NICE
NEW

DIGITAL MULTIMETER!t
KDS5C A DVM for the professional —
this 3} digit multitester has overload
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
OC Current: 200ua- 10A
Resistance: 200R-200M
Total 28 ranges for just £44.95

MOSFET POWER
WNE\N AMPLIFIER MODULES

Most power Mosfet amplifiers are based on the Mosfet manutacturer's application notes
which by no means utilises the full potential of these devices. Our new Mosfet amplifier
desi?ns incorporate BRAND NEW so{ohlsticaled circuits that out-perform in all respects
amplifiers using the original circuitry. If cost comparisons form the basis of your purchase
REMEMBER our units are supplied as one single ready assembled and tested module,
complete with power supply and integral toroidal mains transformer, All thatis required is
the connection of a load (loudspeaker etc.), mains lead and input source, thus eliminating
wiring probiems. The units are open and short circuit proof insuring stress free power
delivery into virtually any load. On board drive circuits are incorporated to power a
compatible 11 segment L.E.D. Vu meter avallable as an optional extra.

1 AMS APPLICATIONS:-
100WR HI-FI. PA. DISCO. INDUSTRY
SPECIFICATIONS
OMP/MF100 OMP/MF200
OUTPUT
POWER R MS 100W/4ohm 200W/d4ohm
o BANDWIDTH  1Hz-160KHz 0.8Hz-160KHz
+0.1dl
MODEL OMP/MF100 SENS.FOR
MAX. OP  500mV  500mV
A .N.R. 1 128
200W T.HD. FULL
POWER 0.002 0.002
T.HD.
TYPICAL  0.001 0.0005
SUPPLY 240V AC 240V AC
50Hz S50Hz
SIZE 300x123 300150
X60mm X 100 mm
PRICES | MODEL OMP/MF200 oowart 1
VERSION
OMP/MF100 £39.00+£5.85 V.A.T.+£2.00 P&P | avai anLE

OMP/MF200 £65.00+£9.75 V.A.T.+£4.00 P&P I_ POA
Vu Meter £9.00+£1.35 V.A.T.+50p P&P

“Large S.A.E. brings detalls of loudspeakers, Piezos. Mixers etc.
Terms: Cash/Cheque/Postal Orders/Bank Draft/Visa/Access with order. Official orders
welcome. Please aliow 14 days for delivery.

B. K. ELEGTRONICS

UNIT 5, COMET WAY, SOUTHEND-ON-SEA
ESSEX. §S2 6TR TEL: 0702-527572

ORIC AND SINCLAIR COMPUTERS {£155) £165. We stock the whole range
of Cumana disc drives for the beeb e.g.
100K single £230 (£220) £240, Double 2

X 400K £625 (£560) £580.
PRINTERS

Oric 1 computer 48K £143 (£141) £151.
Oric 1 16K £110 (£112) £122. Oric Col-
our Printer £134 (£123) £140. Sinclair
Spectrum 48K £131{£131) £143. Spec
trum 16K £101 (£105] £117. 32K mem:-
ory upgrade kit for 16K Spectrum (issue
2 only) £31 (£28) £30. ZX printer with 5
free rolls paper £41. ZX printer alone
£36 (£38) £50. 5 printer rolls £13 (£16)
£21. ZX81 £37 (£37) £47. Special offer

GREENWELD

443c Millbrook Road Southampton SO1 OHX
ALL PRICES INCLUDE VAT; JUST ADD GOEXP&P

-STOCK

pack ZX81 computer + 16K ram pack +
game tape £49 (£55) £65. ZX81 16K ram
packs £31 (£28) £30.

COMMODORE COMPUTERS
Commodore 64 £233 (£209) £229. Vic
20 with free cassette recorder, basic
course and games £143 (£149) £179.
Convertor to allow most ordinary mono
cassette recorders to be used with the
Vic 20 and Commodore 64:- built £9.78
(€9) £11, kit £7.47 (£7) £9. Commodore
cassette recorder £43 (£44) £50. 1541
Disc drive £233 (£209) £234. 1525 Print-
or £235 (£220) £245. 1526 Printer £350
(£330) £360.

ACORN COMPUTERS

Electron £203 (£209) £229, BBC Model
B £404 (£368) £388. Kenda double den-
sity disk interface system for beeb £174

Epson RX80 £326 (£309) £340. Epson
RXBOF/T £346 (£316) £346. Shinwa CTI
CPBO £293 (£271) £312. Epson FX80
£440 (£408) £438. Epson MX100/3 £494
(£465) £495. Seikosha GP100A £234
(£219) £254. Oki Microline 80 £243
(£227) £268. Oki Microline 84 £831. The
Ultra 21 combined daisy wheel and
electric typewriter £438 (£415) £445.
The brother EP22 combined matrix
rinter and electric typewriter £173
&166) £186. Juki 6100 proportionai
daisy wheel printer £423 (£404) £434.
MCPA40 colour printer £134 {£123) £140,
Star STX80 thermal printer £165 (£159)
£169. We can supply interfaces to run
all the above from Sharp computers
£58 (£52) £55.

UK101 AND SUPERBOARD

We still support these gorgeous ma-
chines. Write for our tempting list of
add ons.

SWANLEY ELECTRONICS
The Computer Export Specialists
Dept PE, 32 Goldsel Rd., Swaniey, Kent BR8 8EZ, England.
Please allow 7 days for defivery.
Tel: Swanley (0322) 64851. Nothing extra to pay. All prices are inclusive. UK prices
are shown first and include post and VAT, The second price in brackets is for export
customers in Europe and includes insured air mail postage. The third price is for
export customers outside Europe (including Australia etc) and includes insured
airmail postage. Official orders weicome.
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THE
BEAUTY
AND THE
BEAST

RGR /PAL
COLOUR MONITOR
with GREEN TEXT
FEATURE €S

—

Only £199.95
£229.94 inc. VAT,

Carriage £7.00.

EX STOCK

Also green screen and
amber metal cased
monitors at

LOW - LOW PRICES.

DISPLAY DISTRIBUTION LIMITED

35 GROSVENOR ROAD, TWICKENHAM, . MIDDX 01-899 1923/1513Telex 295093

BUY NOW WHILE STOCKS LAST'
‘ MULTI-METER SPECIAL TeLoc
Complete with rechargeable cells and leads, etc. A Lway 134
Russian type U4324 20,000 0.P.v. extension socket.

DCVolage 06, 12,3, 12, 30, &0, 120, 600, 1200 ’ PG body with
900;

AC. Volage 3.6 15, 60, 150 600 :
D.C. Intensity M/A: oos 0.6, 6, 60, 600, 3000: R R A
ALC. Intensity M/A: 0.3, 3, 30, 300, 3000, et and a neon indicator.
D.C. Resistance: 0.2, 5, 50 5000 xOhm; Max total joad — 13A
gelevaaa-—wto+2 , 250V. L 105, W
£12 FANTASTIC SPECIAL PRICE: 2.5. Price: £3.95
including P/P and VAT each plus VAT, 359
TRANSFORMERS P&P.
British made transformers at very attractive prices.

Primary Secondary Current 1+ 10+ 100+ g:r’\d nov:al;:;
240v: 45-0-45v 400m/a 50p 45p 35p catalogue, 35p
(

240v: 6-0-6v 100m/a 58p 52p 43p plus 30p P+P.
240v: 6-0-6v 500m/a 65p 60p 48p Over 72 pages
(Postage & Packing. 45p per transformer or £1.60 per 10, £4.50 per 100} packed  with

complete range of components. Includes Special Offer list, order form and pre-pard envelope.
Please add 15% VAT to the above prices.

MARCO TRADING, DEPT. PEl,
sse= THE MALTINGS, HIGH STREET, WEM, SHROPSHIRE, SY4 SEN,
Al orders despatched by retum of mai. Tel: (0939) 32763 m

BIMBOARDS Bimconsoles-Metal Brown base, Beige top
PartNo. A B 0 €

Pmlotype wlth plun in hreadboudn. BIM 2601 178 51 210 385 70 9.15

d BIM 2602 280 51 210 385 70 1095

wuh all uccpl Enrnhreadhonrd BIM 2603 381 51 210 385 70 11.25

BIM 2604 480 51 210 385 70 1335

BIM 2605 48 51 261 385 70 1450

BIM 2701 178 76 210 385 70 960

BIM 272 280 102 210 385 70 1120

Number of BIM 2703 381 12 210 385 70 1240

Type Contact Points BIM 2704 4% 102 210 385 70 1415

Eurobreadboard 500 6.25 Bimconsoles - ABS Black or Grey base

Eurobreadboard PCB 500 0.75 with Grey Aluminium to

; BIM 6005 105 555 143 315 37 225

::m"" >0 6': BIM 6005 170 555 143 316 375 280

sty & 2 BIM 6007 170 818 2138315 5718 335
Bimbosrd PCB 630 1.4 . - ——E—/)
Bimboard Layout Pad 630 0.46 '3 SIDE B
MP Urobreadboard 1422 1.5 < ==
Bimboard Designer 7.0 PLAN |

1
' All prices inc VAT. Add 50p per order on Bimboards, £1.50
per order on Bimconsoles. SAE for fuil list. Mail Order only

Q BIMSALES Dept PE1, 48a Station Road, Cheadle Hulme,
Cheadle, Cheshire, SK8 7AB. Tel: 061 485 6667.

Practical Electronics January 1984

BI-PAK SOLDER —
DESOLDER KIT
Kit comprises: OROER NO. VP80
1 High Quahity 25 watt General
Purpose Lightwaeight Soldennqb.lmn
240v mains ind 3/ 16" {4.7mm)
1 Quality Desaldenng Pump High
Suction with automatic ejection Knurled
anticomosive tasing and Teflon nozle
1.5 metres of Oe-Soldering braid on plastic
dispenser
éyds {1.83m} Resin Cored Solder on

rd

a
1 Heat Shunt 100l tweezer Type

Total Retail Vaue over £12.00
OUR SPECIAL KIT PRICE £9.95 @

DIGITAL VOLT METER MODULE

3 % 7 segment displays Basic Circuit
0-2v+ instructions provided 1o extend
\ von e & current ranges Operating
oftage ¥ 12v. Typ. Power Con-
sumpuon S0mA

/No. VP39 Once only price
£9.95

SINGLE SIDED FIBREGLASS
BOAR

FBZ 3

FB3

DOUBLE SIDED FIBREGLASS
BOARD
FB4 2 14 x 4" 110 20

“BCS
BI-PAK COMPONENT &
SEMICONDUCTOR BARGAIN BOX
This collection of Components & Semiconductors
for the hobbyist is probably the most velue

ked selection ever offered. it consists of
esistors; carbon & wirewoung of varinus
values. Capac(ors All types sorts & stzes includ-
ing electrolytics. Pntcnuometers smﬂle dual,
shder & preset Switches, Fuses, Heatsinks,
Wire. P.C. Board, Plugs, Sockets, etc. PLUS a
selection of Semiconductors for everyday use in
Bopdav Hobby Projects, these include: SCR's,
odes, Rectiflers Triacs & Br\dges as well as a
first class mix of Transistors & I
in all we estimate the value of this BCSBB -
cumrent retail catalogues to be over £25.
So help yourself to a great surprise and order a
Box today for just £6.80 ONLY at BI-PAK.
You can call us on 0820 3182/ 3412 and order it
with your Berclaycard or Access Card - 24hr.
Answerphone Service NOW. Order No. V.P. 85

TRIACS - PLASTIC
4 AMP - 400 - TR®
JoF Lok

£3.75 1
BOXMP — 400~ - 10220 -
60p 6575 £27150

MINIATURE FM TRANSMITTER

Freq: 95-106MHz. Range: } mile

Size: 45 x 20mm Add: 9v batt ONLY
Not hcenced in UK, £5.50
ideal for: 007-M15-FBCIA-KGB etc

PROGRAMMABLE UNLJUNCTION

TRANSISTOR

PUT case T0106 plastic MEUZ2 Simdar to 2N6#27/
6028 PNPN Siicon

Pnce 1-8 1049 50-9¢ 1004
Eac 20p 18p 159 13p
Normal Retal Price £0.35 each.

BI-PAK PCB ETCHANT AND
DRILL KIT

Complete PCB Kit comprises

1 Expo Mini Dril 10.000RPM 12v OC incl 3
collets & 3 x Twist Bits

1 Sheet PCB Transfers 210mm x
150mm

1 Etch Resist Pen

1 §Ib pack FERRIC CHLORIDE

crystals

3 sheets copper clad board

2 sheets Fibreglass copper clad

board

Full instructions for making your

own PCB boards

Retall Value over £15.00

DUR BHPAX SPECIAL KIT PRICE £9.95

OROER NO. VP81

Silicon NPN'L’ Type Transistors
7092 Plastc Centre Collector Like
BC182L - 183L - 184L
VCBO 45 VCED 30 1C200mA Hfe 100-400
All perfect devices — uncoded. ORDER AS
SXI&L
50 off 100 off 500 off 1000 off
£1.50 250 £10.00 £17.00
Silicon Geners| Purpose NPN Transistors
T0-18 Case. lock fit leads - coded CV7644
similar to BC147 — BC107 — ZT89 ALL NEW VCE
70v IC500mA. DRDER AS CV7644

S0 offt 100 off 500 off 1000 off
PRICE £00 £380 f175 3000
Silicon Genersl Purpose PNP Transistors
T0-5 Case. Lock fit leads coded CVI507 similar
2N2905A to BFX30 VC60 IC600mA Min HFE 50.
ALL NEw. DRDER AS CV9507.

S0 off 100 off 500 off 1000 off
PRICE £250 €400 £1900 £2600

OPTO 7-Segment Displays
Brand new 1st Quality
LITRONIX DL 707R 14-pin

Red 0.3" Common Anode Display 0-9 with
right hand decimal point TTL compatible
Sv DC Supply. Cata supplied

5 pieces £3 60p each
IN 10 pieces £5 50p each,
PACKS 50 pieces £20 40p each
OF 100 pieces £35 35p each

1,000 pieces £300 (30p each)

THE MORE YOU BUY -
THE LESS YOU PAY

SEMICONDUCTORS FROM

AROUND THE WOF{(LD
A collection ¢
100 Transistors, Diodes,
Rectifiers & Bridges
SCR's, Triacs, I.C.’s & Opto’s all
of which are current every-
‘ = day useable devices.
Guaranteed Value Over £10
Normal Retail Price.
Data etc in every pack.
Order No. VP56

Our Price £4.00

g

OUR GREAT NEW 1984 CATALOGUE

Presented with 8 Professional Approach and Appeal to 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, BFPAK's policy has always been

1o sell quality components at compelitive prices and THAT WE

STILL DO.

We hold vast stocks “in stock” for fast immediate delivery, all
items in our Catalogue are available ex stock. The Catalogue
is designed for use with our 24 hours “ansaphone’” service
and the Visa/Access credit cards. which we accept over the

telepnone.

To veceive your NEW 1984 BIPAK Catalogue, send 75p
PLUS 25p p&p to:-

Send your crders to Dept. PE1 “
BI-PAX PO BOX 6, 3 BALDOCK ST..
WARE, HERTS \

Use your credit card. Ring us on Ware 3182
NOW and get your order even faster. Goods
normally sent Znd Class Mail

Remember you must add VAT at 1% to your
total order

Postage add 75p per Total order




PRICES REDUCED

Sparhrile i

SELF ASSEMBLY ELECTRONIC KITS

SX 1000

Electronic Ignition

® Inductive Discharge @ Extended
dwell circuit stores greater energy in
coil ® Three position changeover
switch @ Patented clip-to-coil fitting
@ Easy to assemble, easy to fit @
Contact breaker triggered — includes
bounce suppression circuit.

€t
SU P€R S A\,

-
(Q
; W
SX 2000 Electronic Ignition \
® Reactive Discharge ® Combines d
inductive & capacitive energy -

storage @ Gives highest possible

spark energy @ Patented clip-to-coil

fitting @ Easy assembly sequence @

Contact breaker triggered — includes

bounce suppression circuit

TX 1002
Electronic lgnition

@ Inductive discharge @

Extended dwell circuit stores

greater energy in coil ® Three

position changeover switch ®

Contactless or contact

breaker triggered @ Clip-to

coil or remote mounting @ Rugged

die-cast case @ Contactless adaptors

included for majority of 4 & 6 cylinder
vehicles ® Easy to build @ For details of
vehicles fitted by contactless trigger, ring
Technical Service Dept on (0922} 611338-9

TX2002

Electronic Ignition

@ Two separate systems in one unit!

@ Reactive Discharge OR Inductive
Discharge, with three pasition
changeover switch @ Gives highest
possible spark energy @ Clip-to-coil

or remote mounting @ Rugged die-cast
case @ Contactless or contact bteaker
triggered @ Contactless adaptors
included for majority of 4 & 6 cylinder
vehicles @ For detalls of vehicles fitted by
contactiess trigger, ring Technical
Service Dept on (0922) 611338-9

AT-40 Electronic Car Alarm

® Guards doors, boot, bonnet from unauthorised entry
@ Armed/disarmed using concealed switch @ 30 second
delay-to-arm: 7 second entry delay @ Can alternatively
be wired to exterior key switch @ Flashes headlights &
sounds horn Intermittently for 60 seconds when
activated @ Security loop protects
accessorles ® Low consumption
C-MOS circuitry.

CAR ALARM

Al-411

AT-80 Electronic Car Security System

@ Guards doors. boot, bonnet from unauthorised entry @ Armed
disarmed from outside vehicle by magnetic key fob passed across
sensor pad adhered to inside of

windscreen @ Individually

programmable code @ 30 second

delay-to-arm @ Flashes headlights

and sounds horn intermittently for

60 seconds when activated ®

Security loop protects accessories

@ Function lights to assist setting

up @ Low consumption C-MOS

circuitry ~ — - ~\~\‘\‘
TRSAVE o i \
SUP// : ot |t

[ B | il I
ULTRASONIC Intruder Detector

@ Supplementary to AT-40 & AT-80 @ Will work in
conjunction with any doof switch input or voltage
sensing alarm @ Detects attempted break-in and
movement within passenger compartment & triggers
alarm @ Includes high efficiency ultrasonic transducers
@ Crysal controlled for low drift @ Ingenious sensitivity

— —— control allows freedom from false
Sparkrilz

alarms @ Low current consumption
UWLTRASONIC

INTRUDER
DETECTOR |

VOYAGER Car Drive Computer

@ 12 functions centreq on Fuel, Speed, Distance and Time @ Single chip
microprocessor ® Large high brightness fluorescént disptay with auto-
dimming feature @ High accuracy distance & fuel transducers included
@ Displays MPG, L.7100km and miles/litre at the flick of a switch @
Visual & audlble warnings of excess speed, ice, lights-teft-on @
Independent LOG & TRIF functions @ Low consumption crystal
controlled circuitry.

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

SPARKRITE (A Division of Stadium Ltd.) 82 Bath Street, Walsall, WS1 3DE England Tel: (0922) 614791

MAGIDICE Electronic Dice

@ Triggered by waving hand over dice ® Completely random selection

circuitry.

@ Bleeps & flashes during 4 sec tumble @ Throw displayed for 10
seconds then flashes to conserve battery ® Low consumption C-MOS $P‘\,E
R

SOPE

KIT OLD PRICE_| NEW PRICE
SX 1000 £11.95 NAME _
SX2000 | f198% =1
“TX 1002 ] £22.95

Now WS liver

£18.95 ADDRESS —

TX2002 | | £3295 - —
AT-40 £9.35

AT-80 3295~

-

VOYAGER | (6435 £64.95
MAGIDICE | __£985— £695 | CHEQUE No. __

PRICES INC. VAT, POSTAGE & PACKING

L s | ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR
ULTRASONIC €17.95 £_ ___ KITREF.

PE/1/84

M i

— o N N EE S N R e B S WD EE .S CUT OUT THE COUPON NOW!
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ARRAY PROCESSING

RRAY processing, the next step in

technology, will be a reality by the
end of 1984—perhaps a fitting year—
if INMOS keep to their proposed
production plans with the Transputer.
The single chip processor, which was
announced recently in the UK, USA,
Paris and, by the time you read this,
Japan, is set to revolutionise the face
of processing.

A 32 bit processor (T424) with 4K of
memory, plus communications on a
single chip covering just 45mm? is
convincing enough, but the Transputer
also has the ability to cope with
10MIPS (10 million instructions per
second) and memory expansion of up
to 4G bytes. Add its ability to com-
municate directly with up to four other
Transputers, in an array set up, with
almost total multiplication of perfor-
mance and INMOS plans for 16 bit
versions, graphics and disc controllers
and processors, and you have a for-
midable computing ability. (It is
claimed that the device will be almost
as universal as TTL).

Such set-ups might be capable of

real time instant language translation
with speech input and output, of driv-
ing a car including planning the route,
arrival times and consumption etc. or
of any similar complex task.

PROBLEMS

What are the problems? According
to the “father of the Transputer” lann
Barron, INMOS have built and tested
the individual elements of the chip and
now have to put them together on one
piece of silicon to be: mounted in a 48
pin leadless chip carrier. How big a
task is that? Well the density of the
device will work out at 250,000 com-
ponents in a § inch square. About the
same as a street map of London which
also shows gas, sewerage, electricity
and telephone networks condensed to
4 inch square. Or, alternatively the
power of 100 home computers on a
single chip.

Provided INMOS can build it in
production quantities in their planned
time scale, the Transputer will undoub-
tedly put them ahead of the world and
guarantee the long term success of the
company. Incidentally the Transputer

was designed in the UK headquarters
of INMOS although initialty chips will
be produced in the US.

TO COME

Over the coming months Ray
Coles—author of MicroFile—will be
looking closely at this new device from
the technical side for us and we will
also carry a featurs on “"INMOS The
Company” taking an in-depth look at
the pasf, present and future of the UK’s
own chip maker. These articles will
give an insight into the possible future
of the electronics industry, and the
direction of our hobby in years to
comel!

Some would say that we are now
passing through a technological revolu-
tion and the Transputer may be a vital
part of it. What will 1984 bring?

We hope it is prosperous for all our
readers and pass on our seasonal
greetings.
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HDUGATIONAL COMPUTER LATH

1982 was Information Technology year. A year when the Government
began in earnest encouraging us to put aside our micrometers and pick up
the microcomputer in an effort to update our technological awareness.
Many schemes were initiated offering great financial help for those in
both industry and education who were willing to adopt an innovative
approach to education and manufacturing techniques.

As Minister of State for Information
Technology, Kenneth Baker used 1982 to
launch schemes including the ‘micro’s in
schools’ programme. In this scheme
packages of equipment have been specified
for schools and colleges and financial help
offered. However a new and more flexible
arrangement is now on offer to further
education establishments who wish to ex-
plore computer based numerical control
systems (CNC).

This new approach will allow colleges
etc. who are interested in the furtherance of
CNC to choose the equipment they need
and have the financial backing from the
Government at the rate of 50 per cent. This
‘pound-for-pound’ aid will enable colleges
to combine new micro-electronics skills
with the wealth of machine-tool expertise
already available in this country, and ul-
timately of course apply them to industry.

One piece of equipment which hopes to
find its way into the scheme is the Colne 5
CNC educational lathe—a machine tool
designed for use with 8 bit p/p micros.

The user will provide the micro, the
memory arrangements and the VDU. The
lathe is supplied with software on the
memory medium of the customer’s choice

and for the micro of their choice. At present
software is available for the BBC micro, the
Apple, Commodore, Research Machines
380Z and the Spectrum. Eventually the

manufacturers (Colne Robotics Co Ltd) will
write software for all the micros.

Once the lathe, the computer and its
peripherals are set up the power of the
software becomes apparent. Tooling in-
structions are entered and converted into
numerical ‘G’ codes. This information is
then fed to the lathe where the sequential
turning functions are carried out. An impor-
tant feature is the ability of the operator to
see what the completed workpiece will look
like before it is actually made. In this way
miscalculations or programming errors can

be rectified before the program is run.

The control electronics are basically the
computer/software, the lathe itself has only
three p.c.b’s—power supply, stepper
motors and chuck speed.

The lathe has a centre height of 70mm
and is compact and portable. Overall
dimensions are 680mm length, 445mm
depth and 240mm height, the total weight
being 40kg. The bed is mounted in a
shallow tray and supports the head and tail
stocks the saddle and the cross slide. The
d.c. motor is bracket mounted to the rear of
the headstock; it drives the .chuck via a
pulley with tachometer feedback to provide
speed stabilisation under load. The X step-
per motor is mounted to the rear of the sad-
dle and the Z stepper motor to the bed. The
stepper motors drive leadscrews which give
X and Z movements accurate to 0-025mm.
Maximum workpiece diameter is 80mm
with a distance between centres of
325mm.

Being an educationally based system the
lathe incorporates several safety features
which include limit switches on the X and Z
movements and isolation switches on the
perspex cover and the drive mechanism
cover. A lockable cut-out button to disable
the d.c. motor is also incorporated.

An optional extra to the system will be a
capstan type rotatable tool post with its
own stepper motor, allowing tool changes
to be carried out during the program.

The Government will pay half the
purchase price of £1,889 to teaching es-
tablishments who can satisfy the grant re-
quirements. Further details from Colne
Robotics Co Ltd, Beaufort Road,
Twickenham, TW1 2PQ. (01 892
8197/8241).

PROGRAMMER

According to Enterprise Technology Ltd, their
EPROM programmer, the ZP 4000, is the
most sophisticated and cost effective available.
1t is designed for use with the ZX81 in con-
junction with a 16K RAM pack.

This module will enable the user to program
2516 or 2532 type EPROMS and create
prototype software or even produce EPROMS
in production quantities. The p.c.b. houses a

25V d.c. generator, parallel 1/0, address
decode logic, ZIF socket and 2K machine
code operating software.

There is no operating manual for this
system as user interaction is claimed to be
very comprehensive.

The ZP 4000 is supplied built and tested
with a 12 month guarantee and costs £63.25
inc VAT and p&p. From, Enterprise
Technology Ltd, PO Box 140, Wigan, WN3
6LF.

ALARM GONTROL

A matching control unit has been
developed for use with the PE
Ultralight intruder alarm (July 83).

The 2020 control unit from GJD
Electronics has six buttons for time
code entry and 24hr tamper selection.
L.e.d. indication is provided for Alarm
Off, Trip and Mains so that the system
can be checked at a glance.

The four digit entry code gives 360
possible combinations. Alarm inputs
are BS compatible with a 24hr panic

loop and button selectable tamper
loop. The controller offers auto-shut-
off with alarm loop faults and variable
entry and exit delays, 40 seconds on
leaving and up to 20 seconds on entry.

Connections to the unit are made via
a 12 way terminal block including
those to the internal mains power sup-
ply; trickle charge internal ni-cad bat-
teries are an optional extra in case of
mains failure.

The unit will retail at around £30.
Details from, GJD Electronics, 105

Harper Fold Road, Radcliffe,
Manchester, M26 ORQ (061-724
8547).
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MARRES PLOAGE:

INRELAYBOARD Silicon News Corner

A low-cost relay board is now available for
ZX Spectrum users.

The NMS Relay Controller has four chan-
nels each of which has a double pole 5 amp
relay rated at 1kW at 240V a.c. or 100W at
25V d.c. Unlike other relay boards it
plugs into the Spectrum’s MIC socket leaving
the expansion port free and is powered from
the Spectrum supply. The controller is easy to
use as any of the four relays may be turned on
or off by means of a simple ‘beep’ command,
either from within a program or direct from
the keyboard. Each relay has an on/off l.e.d.

The board is supplied built into a black
plastic case measuring 180 x 110 x 55mm
together with 1m leads. The controllers may
be daisy-chained so that more than one may
be used under the control of one Spectrum.

The unit is available from Ness Micro
Systems, 100 Drakies Avenue, Inverness 1V2
3SD, and costs £24-95 plus £1-50 p&p.

Briefly...

Cricklewood Electronics have recently
released their new components catalogue
which should cater for all the needs of the
average constructor.

The company who specialise in telephone
sales offer a same-day despatch service for in-
stock items. Usual methods of payment are
employed including popular credit card ser:
vices, that’ll do nicely. For further information
see Index To Advertisers in this issue.

Constructors’ note: Barrie Electronics,
the transformer and components sup-
pliers, have moved their HQ. The new
address is, Barrie Electronics, Unit 211,
Stratford Workshops, Burford Road,
London, E15 2SP (01-555 0228).

Mullard ® 1k (128 x 8 bit) static RAM with
only 8-pins is called PCD8571. Data is
transferred serially via I°C bus.

#® High speed CMOS logic circuits, called
PC54/74 series now available. 240 devices
will be second sourced by RCA.

® Low power infra-red receivers for TV offer
low power consumption and can be used with
RC-5 narrow or wide band transmission sys-
tems. Devices are TDA3047 or TDA3048.

® New high performance 10-bit multiplying
DAC with a Differential Non-Linearity and
output compliance voltage range of —2-5V to
+2-5V. Is Signetics type NE/SE5410.

® New SOT-93 Darlington (BU826) has V¢cgo
375V & I¢ 6A. Fall time 0-2us.

® Power transistor (BUV89) has V¢cgo 800V
& Ic 8A. Turn-off = 0-Sus resistive load.

# Standard Schottky (74S) family completed
by introduction of four new devices—Three
buffers (N745240, N748S241 & N745244)
and one octal latch (N748373).

® Clock calendar i.c. (type PCB8573) for I*C
bus uP systems.

® Low cost solid-state image sensor for
monochrome TV cameras. Type RGS-4. Mul-
lard Ltd., Mullard House, Torrington Place,
London WCIE 7HD.

For the price of a stamp, Edwards Electric
will supply information on their wide range
of low power d.c. fixed voltage bench-top
power supplies. The range is from 2V to
65V providing a maximum power output of
4VA or 10VA. Each supply is housed in a
black plastic ABS case and comes com-
plete with a mains plug. These items are
very competitively priced and are guaran-
teed for 18 months, £2 will increase this
cover to 5 years. Edwards Electric, PO Box
27, Unit 3, Mill Lane, Church Street,
Bridgwater, Somerset, TA6 5AT.

e o0 O

There have been many attempts to at-
tract women and girls into industry at
scientific and engineering levels. All have
failed. Now a new start is being made with
a year of intensive effort to do better. The
scheme is jointly organised by the Equal
Opportunities Commission and the
Engineering Council and will involve
schools and colleges, employers and the
Department of Industry.

Women Into Science and Engineering
(WISE) is a promotional movement not to
be confused with a small political group us-
ing the same acronym.

POINTS
ARISING...

LOGIC ANALYSER August ‘83

The MK4801AN-55 RAM (IC16) is a
Mostek device {(Mostek UK Ltd., Masons
House, 1-3 Valley Drive, Kingsbury Rd.,
London NW9. £ 01-204 9322) and should
not be confused with the Sprague octal
latch/driver sharing the same generic code.
It snould be available from any Mostek out-
let, for example: Lock Distribution, Neville
St.. Oldham OL9 6LF. { 061-652 0431.
Exact price (around £24) and availability
should be checked before ordering. A hex
dump of the contents of IC10 and IC11 of
the Analyser's display board may be ob-
tained from PE (Poole office) by sendinga 9
x 6 inch SAE.

INGENUITY UNLIMITED

Versatile Timer, November ‘83

As an added precaution an extra earth wire
should be connected from T1 earth tag to
the output earth pin.

Eoumdown ...

Please check dates before setting out, as we cannot guarantee the ac-
curacy of the information presented below. Note: some exhibitions may
be trade only. If you are organising any electrical/electronics, radio or
scientific event, big or small, we shall be glad to include it here. Address

details to Mike Abbott.

Automatic Testing/Test/Instruments. Dec. 13—15. Metropole,

Brighton. D4

Which? Computer Show 84 Jan. 17-20. NEC. T1
BEX Bournemouth 84 (Business Equipment). Feb. 8-9. Pavilion. K K

Electrex 84 Feb. 27—-March 2. NEC, B/ham. L3

Brighton. T1

Electro-Optics/Laser International 84 March 20-22. Metropole,

Scottish Computer Show March *84. Holiday Inn, Glasgow. T1
Biotech Europe 84 May 15-17. Wembley Conf. Cntr., London. O

IBM System User Show 84 June 12-14. Wembley Conf. Cntr.,

London. O

Networks 84 July 3—-5. Wembley Conf. Cntr., London. O
Cable 84 July 10-12. Wembley Conf. Cntr. O
Computer Graphics 84 Oct. 9-11. Wemb. Conf. Cntr., London. O

Software Expo 84 Oct. 16—-18. Wemb. Conf. Cntr., London. O
Computers In The City 84 Nov. 20-22. Barbican, London. O

Data Security 84 Nov. 20-22. Barbican, London. O

D4  Network ¢ 02802 5226

Douglas Temple ¢ 0202 20533

L3 Electrex Ltd. £ 0483 222888

Scotest 84 March 6—8. Anderson Exhibition Cntr., Glasgow. T M Montbuild £ 01-486 1951

Scottish Sensors 84 March 6-8. Anderson Ex. Cntr., Glasgow. T o Online ¢ 09274 28211

Home Appliances International 84 March 12-15. NEC, B’ham. M T Trident ¢ 0822 4671

Business Telecom 84 March 13—15. Barbican Cntr., London. O Tl Cahners ¢ 0483 38085 4
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VER the last few years groups and bands have come to

realise that a proper lighting system is a desirable, if not
absolutely necessary, adjunct to a decent PA set-up. Where
once upon a time a couple of strategically placed spotlamps
might have been considered a cut above the average, the
process of mood enhancement by the use of controlled
lighting is now considered so important to presentation that
in more well known bands the lighting engineer is perhaps
equally as important as the sound engineer. Certainly,
whoever is in charge of the lighting must have, even if he or
she is not a musician, a good grasp of the relationships
between tempos, musical phrases etc., effective lighting
changes being required to be timed exactly, to coincjde with
a drum beat for instance.

In the field of amateur dramatics there is an equal poten-
tial for a decent and comprehensive lighting mixing desk.
Stage lighting equipment in any small auditorium is often
antiquated, if functional at all.

The lighting control desk which is the subject of this arti-
cle was designed to meet the requirements of the two above
types of end user. However, its uses are not confined to
those two alone. It will provide an efficient means of secon-
dary lighting control for clubs, discos, and even for the
mobile disco, due to its compact one piece design. If for no
other reason than the moderate cost of construction, it will
enable many groups, musical or theatrical, and also a host ¢f
others, to enjoy the facilities of a purpose designed con-
trolter.

FACILITIES

The mixer may be divided into two sections which are
situated on the left and right halves of the facia. The left
hand section comprises an eight channel twin preset mixer.
By this is meant that for each channel there are two preset
sliders. Governing the two sets is a master A/B slider, the
sets being denoted A and B respectively. With the master at
A, the ‘A’ group of sliders are operational and the levels set

. ..\_:_'g-. i
-*'sa?r..'wm A

; —_— o P - e d
are’ fed to the power stage; allowing the b sliders to basfet

up in advance. When the 'B'_setting:;js required, the master
slider is then moved to the ‘B pesition. The transition.is dip-
less, that is to say that the change in4evels, if indeed both
levels are above zerg, is a smooth change from one level to
the other without a null point somewhere.in the middle.

Some of the more expensive mixers feature a timed
crossfade between the two preset levels, discharging the
operator of the responsibility of making a smooth transfer.
The Stardesk has this facility and in fact it will be seen, as
the article progresses, that the timer section is a lot less
complicated than some of its contemporaries. Also included
on the left hand side of the mixer are eight ‘flash’ buttons,
one for each channel. This allows manual operation of the
channel outputs, and this is where we see the first of the
novel features. Most light mixers feature flash buttons.
However, these merely bring the channel in question to full
output, regardless of the slider, or fader, settings. In some in-
stances, particularly where groups are concerned, the desire
will not be to flash to full brilliance from zero or some lower
level, but to interrupt a high level of illumination. As an ex-
ample, a group may have severa! spotlights trained to il-
luminate them, but still wish to affect the lights in some way
with the rhythm of the music. One way is to allow the flash
buttons to momentarily reduce the output level, not
necessarily by a large amount, but sufficiently to be in ac-
cord with the tempo and character of the music. Another
somewhat startling effect is to use the flash button to
momentarily black the stage out entirely. To this end the
flash buttons on the Stardesk are fed from a master control
that allows the flash buttons to provide any fevel of output
required. Needless to say, since the button is not then just
used to raise the channel output to maximum, operation of
the flash button also disables the slider outputs for the chan-
nel or channels in question.

So much for the left hand section which, incidentally, may
be termed the static section. Onto the right hand side of the
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Showing the control panel of the Stardesk

mixer and thus to the kinetic section. This is basically a super
chaser. In short, eight different chase programmes are
provided, with an automatic facility, provision for crossfading
from one stage of the sequences to the next and in addition,
two types of sound to light effect are included. Incidentally,
the right hand section also houses four independent zero
voltage switched circuits for feeding additional apparatus,
i.e. such equipment that does not need a dimming facility,
namely projectors, mirror balls, etc. These independent cir-
cuits are however tied into the operation of the rest of the
mixer, as will be seen.

Back to the chaser, then. In order that the sequential sec-
tion may be used in conjunction with the left hand side of
the mixer rather than just instead of it, the output and
addressing of the chaser memory is routed in one of seven
ways.

This is accomplished using a row of eight switches, the
eighth being used to cancel the chase. The first five buttons
allow a four channel effect to be rquted to channels 1-4,
2-5, 3-6, 4-7, or 5-8. The sixth routing button selects all
eight and provides an eight channel sequence effect. There
are eight each of four and eight channel effects. Whatever
channels are selected for the sequence effects automatically
have their preset sliders disabled. The seventh button or
switch puts the whole mixer into the strobe mode. Strobes
work best in darkness, and for this reason, operation of the
strobe button, whilst producing four low voltages for strobe
triggering, disables a// other outputs, preset dimmer outputs
and independent outputs alike. When in this mode, it is
useful to be able to quickly set a new lighting plot and revise
the switching of the independent outputs, so as to be able to
come back with a change of lighting on cessation of the
strobes. This is easy enough where the presets are concer-
ned since the physical position of the sliders can be seen. To
simplify matters for the four independent channels, the
channel indicator l.e.d.s continue to function at reduced
brightness, allowing switch settings to be changed. This
continued indication also takes place when the mixer is in
the blackout mode. When the mixer is initially turned on it
will assumie the blackout mode with all outputs, including
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strobe outputs, disabled. Independent channels may be
switched and the presets set up prior to operation of the
mixer ‘on’ button, when the mixer will be fully operational.

The strobe outputs are intended to feed four strobes with
a four channel sequence. This arrangement could however
be modified to feed one strobe only with an authorisation
signal. Few lighting control units, let alone mixing desks,
offer a strobe facility.

Regardless of how the sequence programmes are routed,
the programmes themselves may be selected manually or
automatically. In the automatic mode, each programme,
32 stages in length, is played once before the next is
proceeded to.

On some of the more expensive units available, there ex-
ists automatic crossfade on the sequence section. Rather
than the sequence stages changing abruptly, the lamps dim
up and down gradually. This result is only effective at low
speeds and is normally, if featured at all, accompanied by a
fair number of switches. The Stardesk incorporates a single
‘attack’ control, which in its highest setting allows a normal
on/off sequence and in the lowest setting gives the slowest
rate of response to the changes in sequence. This setting can
be particularly useful when used in conjunction with the first
of the audio functions.

AUDIO FUNCTIONS

There are two audio functions, as mentioned earlier. The
first is audio chase. When this is selected, the beat of the
music, derived from a signal fed into the rear of the mixer,
causes the sequence to be advanced in jumps. It is this func-
tion which produces some interesting variable brilliance
sequential effects. The reason for this will be discussed
further in the article when we proceed to a technicat descrip-
tion of the mixer. The second audio effect, not commonly
found, is used with a fairly high chase speed and arrests the
sequence in time with the beat of the music. As far as the
author is concerned, this is the better of the two effects.
Apart from the halting of the sequence giving a more clearly
definad mark point than would jumping a stage or two, this



function allows the sequence speed to be set at a normal
rate. Therefore, this effect has something in common with
the flash button, when that button is being used in the flash
off mode. The audio input sensitivity is quite high, being a
few hundred millivolts, as is the input impedance, which is
1M or 10M depending on the input range setting, which
may be altered by a link wire on the board. In fact the sen-
sitivity may be further increased, but since the more sen-
sitive range was intended to match the output of an audio
mixer, such increase in sensitivity is unlikely to be required.
Having the audio sensitivity to match OdBm- precludes the
necessity of running loudspeaker leads to the Stardesk, since
it is highly likely that the unit will be set up adjacent to an
audio mixer.

Finally the output from the right hand, or kinetic section, is
patched into the static side through a master dimmer. This
allows a smooth transition from purely static operation to
kinetic plus static or kinetic only operation. Obviously, there
is a need to ensure that controls are operated in the right
order. Early in the process of design, the inclusion of a
preselection facility for the kinetic section was considered,
but it was felt that this could be one complication that could
be done without. With the minimum of practice, a com-
pletely inexperienced operator will soon get the hang of
things: for one used to operating a professional size' group
mixer or some such similar audio system, operation should
be child’'s play. All the switches used are light action
keyboard types.

INSTALLATION AND MAINTENANCE

Depending on the intended use, whether club, group etc.,
there will be differing requirements for installation. A club
will almost certainly require the unit to be permanently in-
stalled.

A group will need the desk to be housed in a rugged flight-
case type package, possibly with incorporated lead stowage.
Given that the unit is basically portable, a theatre group may
well find that for rehearsals and the initial setting up of
lighting plots and cues, that the mixer would be best placed
out in the auditorium, whereas once the presentation is
under way, it would be situated backstage. To meet the
primary requirements of all three circumstances, the mixer is
safe to use freestanding, all power connections being
through glands at the top or rear edge of the unit, depending
on whether the mixer is upright or flat. To allow for acciden-
tal damage due to shorted leads or faulty lamps, the output
stage is both accessible and repairable through a panel
above the sliders. This avoids the need to demount the mixer
if it is installed in a rack. Needless to say, it is vital to remove
the power supply from the mixer before making any internal
examination.

CIRCUITRY

The whole mixer is built on one printed circuit board, ex-
cept for the interference suppression chokes used on the
eight dimmed outputs. The independent channels are
switched at the mains zero crossing point and therefore re-
quire no chokes. In Fig. 1 C1 and C2 are to quench any
residual interference resulting from triacs being switched,
They are limited to such a low value by the Iegaliy allowed
maximum earth leakage current. There is no actual power
on/off switch. Incoming power is fed directly to the mains
transformer and the 12-0-12V output is biphase rectified
and fed to the mains reservoir capacitor C3 through a further
1N4000. This blocks off the 100Hz d,c. pulses from the rec-
tifiers, providing an input for the zero voltage pulse deriva-
tion. The raw smoothed d.c. supplies part of the ramp
generator which is used to operate the dimmer, the output
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stages, the bilateral switches used for routing, and all such
places where the control signal may reach the design max-
imum of 10V. A simple resistor/Zener combination provides
a regulated and smoothed supply for the master dimmer
section.

The chain of pulses at the output of the two rectifier
diodes are fed to TR1 which acts as a limiter, producing a
narrow positive pulse whilst the voltage on its base is less
than Q-5V. This pulse takes two paths, first to the indepen-
dent switching circuit for zero voltage control of those four
outputs, and secondly to the ramp generator. The pulse from
TR1 is buffered by TR2 and each positive pulse resets the
voltage on C7 to that of the Zener diode, namely 10V. Once
the pulse has ended, the voltage on C7 is at the mercy of the
constant current generator comprising TR3, D4/5, and RS
and R6.

This stage charges C7 at such a rate so that immediately
before the next pulse, the collector voitage of TR3 has
reached a minimum. The next pulse restores the voltage on
the collector of TR3 and so on. A feed is taken from this
point to the static dimmer section which is described
further on.

When power is first applied to the mixer, a flip flop com-
prising 74LS00 IC2 a/b is set, by virtue of the capacitor C8
connected across the blackout switch (Fig. 2). The output of
IC2a is thus low, and the blackout l.e.d. iluminated. The out-
put of IC2a is termed the blackout line and is taken to
various points around the board. Firstly, to the strobe output
buffer stage comprising 1C23, a 74C08; secondly, to TR4/5
which provide a ground return for the drive l.e.d.s in the opto
triacs controlling the four independent channels, IC6-9 and
thirdly to the eight 4016 bilateral switches that control the
signal feed to the individual channels, IC26-33. When the
‘Mixer On’ button is depressed, this line goes high allowing
the outputs of the mixer to function. A common resistor, R8,
is used to take the l.e.d. anodes to the positive rail since only
one l.e.d. is on at a time.

INDEPENDENT SWITCHING

Two 4027, dual J-K flip flops are used, giving touch-on,
touch-off control These are positive edge triggered. R9-12
and C9-12 serve to prevent faulty operation due to contact
bounce. The Q outputs of these are fed to the data inputs of
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a 4042 quad clock D latch. Information presented at the
data inputs is only transferred to the corresponding outputs
when the clock input receives the appropriate pulse, which
in this case derives from the zero voltage stage TR |, as men-
tioned previously. At the zero crossing point the latest
switching arrangement appears on the Q outputs of the
4042.

The zero crossing reference may not be thought to be per-
fect for two reasons

The first is that the ratio between the knee voltage re-
quired at the base of TR1 and the peak voltage output from
the diodes, say 15V, is only 30:1 giving a corresponding
switching point of just under 12V of mains potential. The
second point is that the phase delay in the mains transfor-
mer could produce an inaccuracy in the point of switching. (n
practice, the switching of 12V causes negligible interference
and the phase delay caused by the transformer being under
load actually reduces this voltage to a much lower value by
moving the switching point back a few degrees.

The outputs of the 4042 are buffered by four BC172s,
TR6/9, and fed to the four indicator l.e.d.s and to the opto
triacs ICs 6/9. The cathodes of the opto triacs are returned to
OV through TR4/5 which are only on when the blackout line
is high. To obtain the correct specified l.e.d. current for the
MOC3020, which is 30mA, the return resistors are 270
ohms. All this current flows through the indicator l.e.d.s.
However, in the blackout mode, this path is blocked and, in
order to obtain an indication the cathodes of the indicator
l.e.d.s are grounded also by R18—R2 1 which, being 2k2, give
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Fig. 3. Independent switching
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a reduced level of illumination, and thus a further warning
that the mixer is in the blackout mode.

The MOC3020 has many advantages over conventional
opto-isolators, since no power supply is required on the out-
put side. The device is coupled to the gate and MT2 ter-
minals of the output stage triac by a 150 ohm limiting
resistor. All else that is required is a snubber network, com-
prising a 47 ohm tesistor and Q- 1 capacitor in series across
the MT1 and MT2 terminals of the triac. On the other eight
stages a choke/capacitor combination is aiso used to combat
r.f. interference resulting from the steep leading edge of the
switched a.c. waveform. All capacitors used in the output
stages are ‘X' rated: that is to say, they are especially
designed to cope with being connected directly across the
mains.
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SEQUENTIAL CIRCUITRY

There are several ways of including a fade in/fade out
effect on a sequencer. The common requirement of all
successful circuits is that the fading up and down must be
proportional to the period of each stage of sequence. This
can be accomplished using up/down counters, which are
enabled by each individual output. Apart from requiring ao

individual counter for each output, reasonably complicated.

circuitry is required to vary the count rate in order to change
the rate of attack. The author decided to take the simplest
approach here, working on the basis that out of all the
effects on the unit, the fade up/down effect would probably
be the least used (do not confuse this kinetic effect with the
timed crossfade: a feature felt to be amongst the most used).

The 555 timer, IC10 is arranged to run 128 times faster
than required for the fastest sequence speed (Fig. 4). To ob-
tain the correct sequence speed the 555 is used to clock a
4520 dual 4 bit cascaded counter, IC11, which then is
cascaded to the second 4520, IC12, which actually ad-
dresses the sequence memory. The attack control, VR2,
forms part of the resistance between pins 6 and 7 on the
555. Pin 7 is the discharge pin, which goes to ground when
the threshold voltage is reached, discharging the timing
capacitor, and taking the output pin 3 negative. The width of
the negative edge of the output waveform of the 555 is
directly controlled by the total resistance between these two
pins. Unless the maximum width of the bottom or negative

edge of the waveform is a substantial fraction of that of the
top edge, the effective rate of oscillation will not be changed.
This variable mark-space ratio signal is then fed, via a block-
ing diode D17, to the output enable OE, pin 20 of the
sequence memory IC13. The OE terminal is blocked off by a
diode because it is necessary to''force this pin down to
ground continuously when the strobe mode is selected and
thus a second diode, D18, provides a feed from the strobe
control IC which is a 74C08 (IC23). This is a CMOS device
and is necessary because its inputs are connected to the
memory 2716 outputs. Part of the function of the crossfade
circuitry relies on the fact that when the output enable pin is
high, the outputs are high impedance, as will soon be seen.
The second D output, i.e. that output giving a final division
aof 256 of the input from the 555, is fed both to the first
enable input of the sequence counter, the second 4520,
IC12, and also to the first address input of the sequence
memory 2716, IC13. This input A1, is pin 8. The outputs of
the first counter, namely pins 14 down to 11, address the
next four inputs of the 2716, giving a total of five inputs and
thus a 32 stage programme capability. The fourth, or D out-
put of the counter, pin 14, is also taken to the manual/
automatic section, which is a 74LS02 (IC14). This is a quad
NOR gate. The first two gates, a and b, are connected as a
flip-flop, with C19 being used to set it to the manual mode
when initial switch-on takes place. When the manual l.e.d.,
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D19, is lit, b output (pin 1) is high and this holds the d out-
put (pin 13) low since a ‘1’ on any'input will cause the out-
put of a NOR gate to go low. This in turn means that the out-
put of gate c, which is high, both inputs being low, will go
low if the manual button is depressed. This output is taken
back to the 4520, IC12,ito.the enable input. Each depression
of the manual button will advance the counter.

The A, B and C outputs of the counter are connected to
the A5, A6 and A7 inputs of the 27186, providing a choice of
eight programmes. When the auto button is operated, IC14d
is now free to work on information from the first half of the
counter IC12, and each time the D output of the counter
goes low, i.e. at the end of each count of 32, pin 13 will go
high, forcing output ¢ low and clocking the second half of the
counter onto another programme. The three programme ad-
dresses A5—A7 are also taken to IC15, a 74LS138. This 1 of
8 decoder provides indication of the selected programme
through l.e.d.s D30-D37. As for the blackout flip-flop, the
manual/auto flip-flop and the 744LS 138 indicator l.e.d.s are
fed through common 270 ohm resistors, since only one is on
at a time.

Having established how the sequence memory cutputs
come to be, with the exception of the routing circuitry and
how it relates to the remaining three address pins of the
sequence 2716, we can now return to the description of
how the crossfade effect is obtained. For simplicity, only one
stage of the crossfade section is shown, and, having es-
tablished the variable mark-space pulse to pin 20 of the
memory, the rest is simple.

When any output should be high, according to the stage
of the programme, a series of pulses will appear at that out-
put and will charge the 2u2 capacitor (C20-27} through the
1k resistor (R39—-46). Because the output of the memory is
at very high impedance when the output is disabled, the
charge will stay on the capacitor, the only other load being
that of the emitter follower (TR11-18) and its load
(R47-54). This load is the series input resistor to the com-
parator i.c. for the channel in question. The time taken for
the capacitor to charge is dependent on the width of the
pulse on pin 20 of the 2716. Once charged the voltage will
remain constant, any leakage being topped up by each suc-
cessive pulse, until that output returns to the low state,
when the series of pulses will cause the capacitor to dis-

charge at the same rate as that at which it charged. The
v
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Fig. 5. Waveform on C20-27 in crossfade circuitry. The true
shape of (d) is more curvilinear
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waveform of the charge is not identical to that of the dis-
charge owing to the exponential nature. However, the dis-
parity is reduced by the fact that, on the rising waveform, the
source voltage is somewhat higher than the required max-
imum on the capacitor; similarly, taking into account the
knee voltage of the buffer stage transistor, and also that of
the input to the op-amp (LM3900 type), the 2716 low
voltage is lower than the lowest required voltage on the
capacitor. In practice, if one is looking for it, there is a small
difference between the rise and fall of illumination, but small
enough to be ignored. Fig. 5 shows the waveform on the
capacitor (ignoring the exponential effect) for differing
settings of the attack control. One of the advantages of this
circuit is that consecutive stages of the sequence overlap,
thus avoiding ‘holes’ in the display.

There is a need for a master effects slider, if only to
provide, when required, a smooth transition to kinetic ef-
fects, although there will also be occasions when a sudden
switch to a sequential eflect may be desired.

SEQUENCE ROUTING

As already mentioned, there are a total of eight buttons
giving easy routing of sequential effects to five groups of
four channels, all eight channels, the four strobe control out-
puts, or no sequential effect at all (Fig. 6). To simplify selec-
tion, each switch operates a flip-flop whilst taking an input
of an eight input NAND gate (IC20) low, producing, via a
second gate (IC22b) used as an inverter, a reset pulse. This
reset pulse is applied to the ather input of each and every
flip-flop, resetting that which was previously selected. The
currently selected flip-flop will not be reset because the
switch is still operated, the actual reset pulse being short in
duration. It may be noticed that pull-up resistors are used in
this group of flip-flops, whereas only one was for the
blackout/mixer ‘on’ flip-flop. This is because with the route
selection set of flip-flops there are two inputs in parallel for
each flip-flop, namely the flip-flop switched input and the
corresponding input to the eight input NAND gate. Given the
usual tolerances, the internal pull-up resistor for one of the
gates may well beat the other input to the tape, as it were,
resulting in faulty operation. For the blackout flip-fiop, this is
not the case and reliable operation is obtained without the
need for an external pull-up resistor for the mixer ‘on’ switch.
The blackout switch does need a pull-up because of the
capacitor C8. I1C21 a/b and IC22a are three four input NAND
gates which produce, from the outputs of the flip-flops, a
three bit code which is used to address the three remaining
inputs of IC13, the sequence memory i.c. The same address
lines are fed to 1C24, a second 2716, which is programmed
with the necessary information to ensure that the slider
presets on any channel chosen as part of a sequence group,
are disabled.

IC16, 17, 18 and 19 comprise the flip-flops and IC20 and
1C22b perform the reset function. The ‘sequence off’ flip-flop
indicator is not returned to +5V via the common 270 chm
resistor, R77, as are the other seven indicators but instead
monitors the ‘C’ output of the second half of the first 4520,
IC11. This is the output immediately before that feeding the
AO input on the sequence memory and therefore when the
‘Sequence Off switch is depressed that le.d. will pulse
showing the clock speed and allowing the sequence speed
to be set in advance. The anode of the l.e.d. is thus taken via
R34 and TR10 to the 4520.

There may be those that think there are purer ways of
effecting this switching. For instance, one could use one or
two shift registers plus a 8:3 priority encoder. However, the
reset circuitry would still be required and the net saving
would only be one or two chips.

2l




A10(1C13/19)

) ) A2(1€24/6)
Fig. 6. Sequence routing

IC21a

A9(1C13/22)
ANIC2A/T)

AB(1C13/23) — SEQUENCE MEMORY
B0(1C24/8) — ROUTING MEMORY

IC22a

+5v

STROBE
LINE, D14

- 1€ 23

1N&148

c28 RS5

TZUZ 10k

e
=% = &7 S 1RO,
L
1C16-1€19 = 761500
1c20 - 741530 :INM:-’-SV 6 15 & 3 2 t 1n 12
1c21,1c22 = wisz0 | PINT = OV 1C20
3] 1C22b
R76 2 [l
i c29 ¥ J
2u2
1 L

IC19 c/d, which is the strobe selection flip-flop, controls
the strobe outputs, independent switching circuit and
sequential/static section in the following manner: Pin 8,
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Fig. 7. Strobe output stage

which goes low on strobe selection, disables the indepen-
dent switching stage via D14, and ensures that the memory
output is no longer pulsed by pulling the OE pin down to
logic low, pin 11, having gone high, no longer holds the four
commoned inputs of 1C23 low (see Fig. 7) and thus the
strobe outputs are enabled. The static and sequence func-
tions are disabled via the second 2716, 1C24, as a result of
the three bit code presented to its inputs AO, A1, A2.

Having generated the three bit code, the sequence
memory uses it to select the correct group of programmes,
i.e. four or eight channel, and deliver that selection to the
correct group of outputs i.e. 1-4, or 5-8 etc. The routing
memory looks at the group selected and via the eight quad
bilateral switches in the dimmer side of the unit, disables the
presets for the channels in question. Conveniently, there are
eight inputs left on this memory. One input is taken to each
flash button. Whenever a flash button, or for that matter,
buttons are depressed, the memory disables both the static

circuitry and the sequential feed for that channel/s.

STROBE OUTPUTS

The strobe output stage is gated by 1C23, a 74C08 (Fig.
7). Four of the inputs, i.e. one from each gate, are com-
moned, and held at +5V, unless pulled down to logic low via
D46, and/or the blackout line. When not constrained by
either, the four gates are free to respond to inputs from out-
puts 1-4 of IC13, the sequence memory. Each time a gate
output goes positive, the RC combination on the base of the
buffer transistors TR19-22 produces a short pulse which is
fed via limiting sesistors to the output socket. Four l.e.d.s
give indication of the type of sequence selected.

Next Month: more circuitry, construction and testing.
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(COMPONENTS. L

Resistors

R1,R5,R7, R9-13, R55-67, 10k (37 off)
R78,R121-128,R153,
R154,R170-174

R2,R3,R36,R37,R39—-46, 1k (17 off)
R76,R83,R84,R165,R175

R4 100 $W 5%

R6, R8, R14—17,R34, R35, 270 (19 off)
R38,R77,R129--136,R169

A G N1 1= sl

R18-21, R30, R167 2k2 (6 off) Capacitors
R22-25,R137-144 150 {12 off) C1,C2 4n7 'Y’ rated ceramic disc
R26-29, R68~75, R145-152 47 (20 off) suppression type (2 off)
R31 100 c3 2200u 16V radial electrolytic
R32 680 C4 1000y 10V axial electrolytic
R33.R79,R105-112, R157 100k (11 off) C5,C63 50n 10V ceramic disc (2 off)
R47-54 150k (8 off) cé 100y 16V radial electrolytic
R80 2M C7,.C8,C18-34, 2u2 10V tantalum bead (24 off)
R81,R82,R156, R158, R162 2M2 (5 off) C52-54,C60, C61
R85-87, R89-194, 1M (30 off) C13-16,C35-50 100n ‘X’ axial lead suppression
R113-120,R159, R160, type (20 off)
R168 c17 0:-47u 10V tantalum bead
R88 47 W 5% C9-12,C51,C62  2n2 ceramic disc (6 off)
R155 10M C55 6-8p ceramic disc
R161 33k } C56 0:33u 10V tantalum bead
R163,R164 470k (2 off) ! Cc57 39p ceramic disc
R166 18k C58, C59 47p 16V radial electrolytic (2 off)

All W 5% unless otherwise stated

Semiconductors Miscellaneous

D6,D7,D14-18, 1N4148 (38 off)
D21-29, D46,47,

IC1 7805 : f
VR1, VR4, VRS 470k linear radioh
IC2,1C16-19, IC44, 74LS00 (7 off) VR2, VR3 2k2 linear radiohmm
IC45 ! -
VR6,VR7,VR10-25 100k linear 60mm slider
:gg IC4 :gi; (2 off) VRS, VR9 220k vertical miniature preset
(D-2in. x O-1in. fixing centres)
:C6-—9, 1C36-43 MOC3020 (12 off) FS1 0-5A 20 x 5mm fast fail fuse
I210 ' 555 FS2-13 5A 20 x 5mm H.R.C. type fuse
11,1C12 4520 (2 off) ] ! 13 fuseholders for above, 20mm p.c. mounting types
IC13 2716 {5V) programmed ‘sequence T 12-0-12V 0-5A p.c. mounting
:C1 4 74L502 RS207-669 or see below for
&g ;4L5 138 supplier see end of parts list
I " 4L§30 S1-27 TRS keyboard set—for supplier see
IC%;' 22 ;jtogo (2 off) end of parts list {comprises
switch, l.e.d. hol i
i1C24 2716 (5V) programmed ‘routing’ :,\::)Ch 0 i T i
1C25,1C34,1C35 LM3900 (3 off) L1-8 Suppression chokes (8 off)
:gig—33 321861(8 off) JK1 Mono printed circuit $in. jack socket
SK1 in 180° printed circul i
TR1-23, TR25. BC172 (25 off) y pl.)TN sockz:m e
TR26 P.c.b. 425 x 250mm doublesided and
1224 BC184 solder resisted
TR27—34 2::1‘4403 (8 off) Also required: 18 knobs to suit slider pots, 5 knobs
35 2N3819 to suit rotary pots, internal
D1-3 1N4000 (3 off)

heatsink bracket, case, front
panel, back panel and various

D54-69, D86-89 3 et
0861 3, 21 9, D20, 3mm red l.e.d. (27 off) A full kit of parts for this project is available from:
38-45, D78-85, Bensham Recording Ltd.,
(3[22\0]—8955 £ 0 - = ek 327-333 Whitehorse Road,
.e.d. u ve wide spaced legs, paralie Croydon, Surrey CRO 2HS Tel: (01) 684 8007
D48-53,D30-37 5mm red l.e.d. (long leads) (14 off) Items such as the ready painted and printed panel, plated

3‘7"00[5)77 13\7’ 288$w g::z’ :g gg; case assembly, printed circuit board, chokes and other
T f I (o} f t b hased individually,
ihngd TXAL 22168 triac 12 off) groups of components may be purchased individually, and a

list is available on request.
The price of the complete kit is £195 including VAT and
carriage.
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Born Again

What  will
ministration do for industry? At the party's

a born-again Labour ad-

Brighton conference the ‘dream-ticket’
became reality. By the end of the week the
delegates were infected with a crusading
belief in victory.

But although the leadership had changed
and was now in younger, supposedly more
vigorous, hands the old policies rejected by
the electorate last June remain intact.
Conference insisted that the Manifesto is
sacrosanct. For industry this means more
nationalisation, withdrawal from the Euro-
pean Common Market, import controls, ex-
change controls and re-inflation.

| listened patiently throughout the week.
Many delegates were strong in denouncing
Britain’s economic collapse. But others,
making a case for more overseas aid and
other spending programmes, constantly
referted to the nation as being among the
richest countries in the world. A few
managed to introduce the notion of
national bankruptcy and national riches in
the same speech. And then, when party
leaders openly admitted that the party’s
own finances were in tatters, one wondered
if they could do any better for the nation’s.

Much depends on the new leaders. Neil
Kinnock, if he can retain the confidence he
inspired at Brighton, could transform the
party but will clearly need to moderate the
policies. Oratory, however brilliant, is no
substitute for common sense. Fortunately
for Neil, he has four years for Labour to
regain electoral credibility before being put
to the test.

Education

How do you sell the jdea of nuclear
magnetic resonance to the lay investor? A
welcome educational innovation by Oxford
Instruments Group appeared in the
prospectus for the sale of its shares. It in-
cluded a well-written explanation of mag-
netism, superconductivity, cryogenics and
the principles and application of nuclear
magnetic resonance. Whether this assisted

24

the sale of shares is problematical but it
certainly did no harm and the issue was
successful.

| coupled Oxford last month with
Telemetrix, also going public. The value of
shares on offer was £9-7 million. Applica-
tions totalled some £350 million, an over-
subscription of 35 times. What an
overwhelming success for the ex-Racal
engineers who decided to go it alone only
five years ago. All Telemetrix employees
got full allocation of shares asked for. Out-
siders got as little as three percent so the
employees were rewarded and have a stake
in the company.

The New Rich

Telemetrix and Oxford are just two of a
lengthening list of new-technology com-
panies making fortunes for their founders
and prosperity for their investors and em-
ployees. | was tempted to generically call
them high-tech companies but Alan
Sugar's Amstrad is a notable exception in
the low-price audio and video market.
Amstrad has clocked up a 69 percent gain
in pre-tax profits and is now making over
£8 million a year. On second thoughts
perhaps | am doing Amstrad an injustice
equating low cost with low technology.
One recalls the old adage that the engineer
is the man who can build for five bob what
the fool builds for a pound. Designing down
to a price takes genuine, even superior,
engineering skill.

A recent list of 24 new-rich millionaires
in electronics shows a spread of 31 to 51
as the age at which they hit the jackpot,
with an average of 40. All but two started
their companies in the 1970s and the great
majority gained experience with established
large companies before taking the plunge.
Perhaps surprisingly you don’t need to be a
large employer to make big money. As few
as 50 employees in one instance, not more
than 500 and an average of 200 appears
sufficient. And you don’'t need to be in
hardware manufacture. Computer leasing,
component distribution and software ser-
vices have also been-money spinners.

The companies in which these entre-
preneurs once worked and gained ex-
perience include IBM, GEC, Plessey, Racal,
Rolls-Royce, British Aerospace, BL, Texas
Instruments and Sinclair. Opportunity, it
seems, still knocks. At least for the bright
and the bold. But there is no guarantee of
success. High-flyer Alan Osborne, the
Britisher who made the big time in the USA
with Osborne Computers, has ended up
with company, if not personal, insolvency.
Microcomputers is now the most
treacherous high-risk area and in view of
recent crashes almost any company in-
volved could be vulnerable.

Jobs

Qur 24 new millionaires mentioned
above are in 13 different companies
generating millions of pounds worth of
business. Yet between them they employ
directly fewer than 2,500 people; indirectly
quite a few extra jobs through equipment,
components and services bought in from
outside. On the other hand tHeir products

are mostly designed to improve the ef-
ficiency of their customers thereby
eliminating jobs elsewhere.

It is arguable that high-tech companies,
while creating jobs, are destroying old jobs
at a faster rate. Nobody yet knows whether
this is so and whether high-tech is doing
more- harm than good in employment
prospects. One argument is that without
high-tech modernisation many firms would
go out of business altogether so high-tech
at least helps to stabilise employment. In
our own industry of electronics it is well
proven that more product is produced
yearly with fewer workers per unit of
product, meaning little expansion of the
workforce and in many cases a reduction.
No wonder trade unions express alarm.

An international conference of union
leaders from 32 countries was recently held
in Tokyo to discuss employment prospects
in the electronic and electrical industries.
One hundred and thirty delegates were
attempting to co-ordinate a strategy to
protect workers against loss of earnings or
redundancy through introduction of new
technology.

The problem is not new. We had it with
machine tools years ago when skilled lathe
operators became mere machine-minders
with consequent overmanning. Resistance
to change in the name of job preservation is
a natural reaction but not necessarily in the
interests of those seeking protéction.
Nobody profits if a company fails, all are
then equally workless.

As a member of a union for over twenty
years | find it difficult to take sides. A. J. P.
Taylor, historian, one-time member of the
Communist Party and a life-long socialist,
sadly comments in his autobiography ‘A
Personal History’ that the organised trade
unionists have not only outstripped the
well-to-do middle class, they have become
the principal exploiters of the poor and
humble. Like all aristocrats they cling to
their privileges at the expense of everyone
else.

An extreme view, perhaps, but with a
grain of truth. At least it makes us all think
again on what our roles are or should be.
Perhaps we should also be reminded that
we are on the threshold of that ominous
year of 1984,

Teletext

A substantial order from Zenith Radio
Corporation for teletext decoder assemblies
to be supplied by Mullard marks the entry
of British designed teletext into the poten-
tially huge market in the USA. The
Japanese, too, have ordered the Mullard
product for incorporation into their export
models for the US market.

Austria, Australia, Finland, Germany,
Holland and Sweden are all now broad-
casting British system teletext and a further
seven countries have adopted it for their
trials. So great is the interest that hence-
forth it is dubbed as World System Teletext.
One big appeal to the Americans who are
still transmitting on the original NTSC 525-
line standard is that the system offered can
be extended to higher display levels without
obsolescence of existing equipment.
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IS SOFTWARE
YOUR BASIC PROBLEM?

Are you bewildered by the choice ¢f Software Programs on the market?
Not sure what Program you really need, what it does or where to get it?
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The most comprehensive magazine listing of
Software programs for the eight leading
Microcomputers.
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information you need and be a
INDEX 1984 N°1 - £150 valuable time-saving guide.
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and personal management are
also covered.
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AUTOMATIC camera and flashgun triggers are useful for
certain specialised types of photography, and the most
popular of these is probably wildlife photography. An
automatic trigger can be used where human reactions would
be too slow to catch a momentary event, or where there is
likely to be a long wait before an animal appears and a
photograph can be taken. In this second case the equipment
is set up so that the animal, in effect, takes its own
photograph and the photographer does not have to maintain
a constant vigil.

TRIGGER SYSTEMS

Most photographic trigger circuits use either some form of
broken light beam system to detect the event or object to be
photographed, or use sound triggering. However, there are
alternative systems, one of which is to use reflected light or
sound. An advantage of this system is that the transmitter
and receiver can be built as a single unit, and this is rather
more convenient when setting up and using the equipment.

Both infra-red and ultrasonic reflection circuits were tried,
and both methods seem to be perfectly feasible in practice.
The infra-red circuits that were tried proved to be quite sen-
sitive even to small objects, but the maximum range was not
very large. Ultrasonic circuits were less sensitive to small ob-
jects, but an adequate range of around one to two metres
was achieved with objects such as large insects and small to
medium sized birds. Practical tests with an ultrasonic system
gave good results, and the ultrasonic trigger finally devised
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forms the subject of this article. A few examples of shots
taken using the unit are shown in the accompanying
photographs.

Although problems with a lack of directivity were an-
ticipated these did not materialise, and only objects within a
small area straight in front of the transducers will trigger the
unit. This is presumably due to the highly directional nature
of ultrasonic soundwaves, and the use of new narrow beam
transducers also aids good performance in this respect.

As sound travels much more slowly than light an ultra-
sonic system has a slower response time than an equivalent
infra-red one, but as it only takes the reflected sound waves
a maximum of about 6 milliseconds to be reflected back to
the receiver, the response time is perfectly adequate for
most purposes.

ULTRASONIC SYSTEM

The block diagram of Fig. 1 helps to explain the overall
operation of the unit. The transmitter is basically just a
40kHz oscillator which drives the transmitting transducer. A
frequency of 40kHz is used as it is at this frequency that the
transducers have peak efficiency. The transducer is driven
from the two-phase output of the oscillator so that a strong
output signal is obtained.

Signals reflected from a detected object and back to the
receiver are not likely to produce a very strong signal from
the receiving transducer, and a high gain amplifier has to be
used in order to obtain a useful signal level. A gain control is
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IEEEEEESSSE PHOTOGRAPHIC PROJECT EESSmmm

?
COMPONENTS . ..

Resistors Semiconductors
R1 1M5 D1 TIL209 red l.ed.
R2,R7,R8,R12,R13 10k (5 off) D2 1N4148
R3 1M2 TR1,TR2 BC239C (2 off)
R4 4k7 TR3 TIP41A
R5 56k 1C1,1C2 555 (2 off)
R6.R14 22k (2 off) IC3 4001BE
R9 10M IC4 40478BE
R10 1k5
R11 470 Miscellaneous
All 0-25W 5% carbon except where stated otherwise S1,S2 Miniature s.p.s.t. toggle switch
= (2 off)
Potentiometers S3 Push to make, release to
VR1 10k log with switch (S4) break type
VR2 2M2 lin X1.X2 40kHz narrow beam
VR3 100k O-1W horizontal preset ultrasonic transducers
VR4 47k O- 1 W horizontal preset type TB4OLB (2 off)
. SK1 2.5mm jack socket
Capacitors B! 9V (e.g. 6 x HP7 or AA cells)
c1,C9 100n polyester (2 off) Panel holder for D1, two control knobs, battery connector
C2 1n mylar {and holder if required), printed circuit board, case about
c3 4n7 mylar 150 x 90 x 50mm, two 14 pin d.i.l. i.c. sockets, wire, etc.
ca4 2n2 mylar
gg C8,C10 :1’3,[: S The TB4OLB ultrasonic transducers are available from
,.C8, polyester (3 off) 5 .
c7 14 16V tantalum Chartland Electronics Ltd., Charland, Twinoaks,
C11 100p ceramic Cobham, Surrey KT11 2QW
\ c12 100u 10V axial elect

D

included so that the sensitivity of the circuit can be adjusted.

The output from the amplifier is used to trigger a
monostable circuit, and this in turn triggers a second
monostable, but not until the end of the output pulse from
the first one. The second monostable is used to trigger the
camera via a switching transistor. The effect of the first

stage common emitter circuit which gives a high maximum
voltage gain of about 80dB. The two stages are capacitively
coupled via gain control VR1. C5 rolls off the gain of TR2 at
radio frequencies, and this reduces the risk of instability due
to stray: high frequency feedback.

monostable is to provide a delay between an object being ke NESE T Fig. 1. Bloc.:k diagram of
detected and the camera being fired, and this delay is ad- TEpDan TER j Camera Trigger
justable. Obviously in some situations the trigger will be NORMAL
required to operate as rapidly as possible, and in such IS FLIZ/FLOP P
applications the delay can be switched out. SINGLE
A useful feature of the circuit is its ability to operate in a
sort of single shot mode where it effectively switches off GAIN DELAY
once the camera has been operated. This mode can be used { ; ! A { ; ! A
in situations where there would otherwise be a danger of
numerous almost identical shots being taken, and a lot of TRANSISTOR | CAMERA
film being wasted. Here, the output of the monostable is IO - S . i .
used to trigger a flnp/flop which switches off the transmitter A EEEIER
until a reset button is operated. TRANSDUCER [EPnzg
In Fig. 2 the amplifier at the input of the receiver is a two
+v 7
-l- 56
2 R7 R9 1C3/8,912,13,14
Inco‘on é *—VV "’"é L3 1C3= 40018E
ov ‘r" 3 &L -m
c8
3 1C2
4 3 55%
10n & st INGIGB

EP132)

VR3
100k

SK1

Cio -
10n

Coms

|00nT

L

Fig. 2. Circuit diagram
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Fig. 3. P.c.b. and component layout (right)

The two monostables are both based on 555 timer i.c.s.
IC1 provides the delay which can be adjusted by means of
VR2 from about 25 milliseconds with VR2 at minimum

‘ resistance to about 2.5 seconds with this control at max-
imum value. This gives a useful delay range, but obviously
the value of timing capacitor C7 can be aitered to give a
longer or shorter delay range if desired. Any change in the
value of C7 has a proportional effect on the timing range.
When S1 is open C7 is switched out of circuit so that the
output pulse from IC1 (and the delay) are of insignificant
length. R5 and VR3 bias the trigger input of IC1 above the
trigger threshold of 1/3 V+ so that the circuit is triggered by
a negative output half cycle from TR2, when a suitably
strong input signal is present. If necessary, VR3 can be ad-
justed to optimise the sensitivity of the circuit.

R8 and R7 bias the trigger input of IC2, and C8
capacitively couples the output of IC1 to the input of IC2 so
that the latter is triggered at the end of the output pulse from
IC1 as its output reverts to the low state. The output pulse
length of IC2 is fixed at about 1-1 seconds, and this is long
enough to ensure that the camera is operated reliably. In-
dicator D1 is switched on during the output pulse from IC2,
and this is helpful when setting up the equipment ready for
use. TR3 is used to trigger the camera, and as this might
have to handle quite high currents a power transistor is used.
If a flashgun trigger rather than a camera trigger is required
it is necessary to replace TR3 with a triac (a 400V 1A type is
suitable).
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The transmitter is based on IC4 which is a CMOS 40478BE
astable/monostable multivibrator. In this circuit it is used in
the true gating mode, and the control signal at pin 5 must be
high in order to produce oscillation. C11, R14, and VR4 are
the timing components, and VR4 is used to trim the output
frequency for optimum results. The 40478BE has both Q and
not Q outputs, and the transmitting transducer is driven
direct with the antiphase signals provided by these.

The latch is a simple CMOS type formed from two 2 input
NOR gates wired as 'inverters, and having positive feedback
provided by R12. The other two gates of IC3 are unused and
their inputs are tied to the positive supply rail. At switch-on
C10 sets the latch with the input of IC3a low and its output
high so that the transmitter is switched on. When the output
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The completed board

of IC2 goes positive the latch is triggered to the opposite
state and the transmitter is switched off, but only if S2 is
closed. D2 prevents IC2 from resetting the latch at the end
of its output pulse, but the latch can be reset using S3.

As the circuit has a current consumption of about 20
milliamps or so and is likely to be used for long periods of
time it is advisable to power it from a high capacity battery
such as six HP7 cells or six AA NiCad batteries fitted in a
plastic battery holder.

CONSTRUCTION

Details of the printed circuit board and wiring are provided
in Fig. 3. As IC3 and IC4 are MOS devices it is advisable to
fit them in i.c. sockets and to take the other normal MOS
handling precautions. Note that IC1 and IC2 have the same
orientation as IC3 and IC4. TR3 is mounted horizontally on
the board and is bolted in place.

A plastic box having an aluminium lid and approximate
outside dimensions of 150 by 90 by 50mm is suitable as the
case for this project. The two transducers are mounted at
one end of the case, as far apart as possible. The easiest way
of mounting them is to drill small holes in the case to take
the two terminal pins of each one, and to then glue them in
place using a good quality genera! purpose adhesive. The
controls, D1, and output socket are mounted on the lid of
the case, and the printed circuit board is bolted to the base
panel. The hard wiring is then added. The pin which -con-
nects to the casing of X1 is wired to the negative supply rail
and the other pin connects to C2. It does not matter which
way round X2 is connected. Incidentally, the two trans-
ducers are identical.

IN USE
The connection from the camera to the trigger unit is
made using an electric cable release with the push button
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switch removed and a 2-5mm jack plug (which plugs into
SK1 on the trigger unit) connected in its place. The plug
must be connected with the right polarity, and a multimeter
is used to determine the polarity of the voltage on the cable
when it is connected to the camera. The tip of the plug is
connected to the positive lead and the barrel connects to the
negative lead. Few cameras have an electronic shutter
which can be triggered by an external switch, but many
SLRs these days can be electrically triggered via an auto-
winder or motordrive. The prototype has been tested with a
Minoita XD7 which is directly triggered, and a Pentax LX
triggered via the autowinder, and it should work properly
with any camera that can be controlled electrically.

If the unit is used with a flashgun (and this should only be
attempted if TR3 has been replaced with a suitable thyristor
or triac), the connection to the flashgun can be made using a
flash extension lead. The plug which would normally connect
to the camera is removed and replaced with a 2-5mm jack.

VR4 can simply be adjusted by trial and error to find a
setting that gives good results. If an a.c. millivoitmeter is
available this can be used to monitor the signal level at the
collector of TR 1, and VR4 is then adjusted to peak this signal
level.

Results will probabiy be satisfactory with VR3 set at
about half maximum resistance. If the unit does not trigger
with the transducers aimed into empty space and VR1 set
for maximum sensitivity it should be possible to obtain a
small increase in the maximum sensitivity by adjusting VR3
for slightly fower resistance {turning it in a clockwise direc-
tion). If it is adjusted too far though, IC1 will be continuousty
triggered and the circuit will fail to operate at all.

A trigger of this type works most effectively when the ob-
ject to be photographed will be well clear of anything that
would provide reflected signals. VR1 can then be well ad-
vanced without any unwanted reflections triggering the unit.
A little experimentation with the unit should soon determine
what can and cannot be achieved, and how it can best be
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the bassoon for the part of the cello and the tuba for the part of
the double-bass. Few people seemed to mind in those days. The
early Edison machines were regarded as ‘true to life’ sound,
indistinguishable from the real thing.

Today we have progressed to sophisticated replay systems
where the sounds can be classed as high fidelity or hi-fi. But the
conventional viny!l long playing record still depends on a stylus
vibrating in a bumpy groove. The stylus recreates electrical
waveforms which represent the frequency and amplitude varia-
tions of the original sound: analogue from source to
loudspeaker.

GOING DIGITAL

Now a new type of ‘record’ and ‘record player’ are being
marketed by the top manufacturers. The compact disc is only
120mm (5 inches) diameter yet has a playing time of up to
60 minutes with the sound information on one side.

The CD rotates like a record, it is not touched by a stylus but
scanned by a small low-powered laser built into the CD player.
The disc provides information about the sound in the same way
\ that computers handle information: using binary pulses or s

" and Os, in digital terms. The bit stream obtained by detecting
microscopic pits on the disc is constant at over 4 million bits per
second (Fig. 1.). The disc rotates at 500 r.p.m. when the laser
starts at the centre, and slows to 200 r.p.m. as it follows the
spiral of pits to the outside.

Having been detected by the laser and converted to electrical

h pulses by a photo-diode, the digital codes are separated into two

e c no og y channels for stereophonic reproduction and eventually conver-
[ 3

Chris Kelly

OST of us listen to records at some time, whether as casual /
background music or to be entertained by virtuosos. We
like to think that the sound we hear is as ‘true to life’ as possible
and recent years have seen remarkable advances in sound .
reproduction. But we are about to witness a revolution in the - L
machines we use to play back the music: we are entering the age .
of computerised consumer electronics and hi-fi is no exception. N 1 | 1
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The digital audio disc (DAD) has been launched carrying the iy
commercial name of compact disc or CD.

Our perception of reproduced sound quality is becoming
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- Fig. 1. The analogue and digital conversions required
Digital disc and Philips CD100 player in the sound chain for compact disc
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ted to analogue sound using digital to analogue converters
(DAC:s). See Fig. 2.

The analogue audio output from a CD player can be connec-
ted into any line-level input of existing amplifiers or music cen-
tres. Connection is possible to tape or auxiliary inputs but never

LOW PASS
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/y/ ~
~
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DAC
CONTROL AUDIO
BITS BITS
0TOR CHANNE S
M NNEL LEFT
SPEED ] SEPARATION ANALOGUE
AUDIO
SERND SIGNALS
TRACK w—q  ANOD
OPIT’?CAL LASER
SYSTEM CONTROL
FocCus DAC
-
[—.- ~ Pt
LOW PASS

FILTER

Fig. 2. A simplified block diagram showing the basic
functions of a compact disc player

to the phono input because the signal level is too high. This
means that conventional record decks can still be used alongside
the CD player and you don’t have to abandon your treasured
collection of l.p.s.

The digital information on the disc is protected by a layer of
clear plastic, so the discs are more robust than normal vinyl Ips;
we all know how easily they are scratched! The CD can suffer a
number of scratches and finger marks without degrading the
sound quality of the music because the laser focuses right
through them.

Also, even if a certain number of bits are lost (generally called
drop-outs), sophisticated error-correcting codes are used to
restore the information. This does not mean that CDs can be
used as beer-mats as suggested by one writer. Surface scratches,
finger marks and beer stains eventually cause too many drop-

A laser beam is directed through the transparent side
of the disc and onto the disc track by the optical
system. This is carrled on a servo-controlled arm
which tracks radially from the inside to the outside.
The reflected information is converted to electronic
puises by a photo-diode
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outs for the information to be restored and an interruption is
heard win the music. So contrary to popular belief, CDs do re-
quire careful handling and the occasional clean with a soft cloth.
Some CD players hard-mute, meaning that the audio signal
drops to zero when drop-outs occur and this is far more
noticeable than the soft-raute as provided on the Philips and
Marantz machines which are programmed to make an educated
guess at what sound should be provided.

Apart from robustness, the CD offers listeners better quality
sound with less distortion (typically 0-005% THD) and no
audible background noise. You may be surprised how ac-
customed we have become to hearing scratching and hissing
noises behind the music provided by conventional Ips. This is
caused by the stylus detecting surface roughness in the vinyl.
The silence behind music from CD is uncanny! Only the oc-
casional but quiet tape-hiss from the original master-tape can be
heard if it is an analogue recording. Digitally recorded music is
‘clean’.

The background silence of CD provides no audible cue as the
surface noise of Ips does. New users of CD may be tempted to
turn the volume up far too high so that the opening bars of
music could well be an un-neighbourly crescendo lifting speakers
from the floor, or even worse, blasting ear drums if the listener is
wearing headphones.

The stereo image, that is the apparent position of instruments
and singers as presented to the listener, is rock steady from CD
because of a 90dB channel separation and negligible phase shift
over the whole audible sound range. Conventional pick-ups
provide slightly over 30dB channel separation at best and this is
subject to phase changes over the frequency range giving an un-
stable stereo image.

DAD DEVELOPMENT

The Dutch company of Philips began investigating the
possibility of a compact disc in the late 1960s. They worked out.
a standard format, inviting Sony in the later stages to design the
fast error-detecting codes which were very important to the
feasibility of the idea. This standard was eventually adopted by
almost all of the major hi-fi equipment manufacturers. Philips
were anxious to avoid the proliferation of incompatible systems
that resulted in the failure of quadraphonics in the early seven-
ties and the confusion which exists today over video tape
systems.

Compact disc prototype players were demonstrated in 1981
and were not enthusiastically reviewed by the hi-fi press. Poor
musical material and heterodyne whistles were heard and all this
produced by equipment packed into many suitcases as the very
large scale integrated circuits were still being designed. Some
journalists predicted its death before it was launched and they
seemed particularly derisive when launch delays were announ-
ced and the disc and player prices were found to be higher than
anticipated.

The actual launch in Japan in late 1982 and in Europe early
in 1983 proved the critics wrong. In the first few weeks players
and discs were sold out and production was stepped up to meet
a healthy demand. And, as if to clinch its acceptance, recording
artists such as Paul McCartney were demanding that their work
be released on the new medium.

TECHNICAL DETAILS

In practice, a CD player is an extremely complex piece of
equipment. Far more than just audio information is encoded on
the disc such as index details which give the number of tracks
and location of tracks on the disc. The more sophisticated
players will display the title of the disc.

All this digital information is encoded onto the disc in a very
complex format in order to reduce the possibility of errors when
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being read. The information is divided into frames; Fig. 3 gives
one frame of the successive bit streams. There are six sampling
periods for one frame, each sampling period giving 32 bits (16
for each of the two audio channels). These 32 bits are divided to
make four symbols in the ‘audio bit stream’ B,. In the ‘data bit
stream’ B, eight parity and one C&D (Control and Display)
symbols have been added to the 24 audio symbols. To scatter
possible errors, the symbols of different frames in B, are inter-
leaved, so that the audio signals in one frame of B, originate
from different frames in B,. The modulation translates the eight
data bits of a symbol of B, into fourteen channel bits, to which
three ‘merging bits’ are added (B;). The frames are marked with
a synchronisation signal and the final result is the ‘channel bit
stream’ (B,) used for writing on the master disc, in such a way
that each ‘I’ indicates a pit-edge (D). This technique is called
eight to fourteen modulation or EFM.
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Fig. 3. Bit streams in the encoding system (Courtesy
Philips Technical Review)

It can be seen that to the 14-bit data codes are added
synchronisation bits, control and display information and
sophisticated error correction codes CIRC (Cross Interleave
Reed-Solomon Code) to make up a complete frame. This
method involves a lot of extra information which is not always
needed but enables the signals to be restored if some of the
original information is lost or corrupted in any way.

To provide all this information quickly enough, the bit stream
leaves the disc at a rate of over four million bits per second!

Although the disc spins with the normal slight fluctuations of
speed, a first-in first-out (FIFO) buffer store is employed to ab-
sorb the irregularities (Fig. 4). The data is clocked out of the
store under the control of a crystal oscillator. However, the bit
stream from the disc must be reasonably constant so a servo
system spins the disc initially at 500 r.p.m. when the laser is
nearest the centre and progressively slows it to 200 r.p.m. as the
laser moves to the outer edge during play.

The CIM (Conceaiment, Interpolation and Muting) circuit
deals with errors that are only detected since they cannot be
corrected; these are ‘masked’ or concealed.

The standard sampling frequency was chosen at 44.1kHz,
conveniently satisfying Nyquist’s sampling theorem which states
that in order to fully reconstruct a waveform it must be sampled
at a rate of at least twice the highest frequency in the waveform.

Most CD player manufacturers have designed their systems
around 16-bit DACs followed by analogue low-pass filters in
each channel which are expensive and introduce small phase
errors. Philips and Marantz, however, have opted for fast 14-bit
converters which read the digital information at a rate equal to
four times the normal 44-1kHz sample frequency. This is
achieved by processing the 44.1kHz information from the disc
using a digital transverse filter TDF in each channel.

The apparently faster sampling rate of 176-4kHz, called over-
sampling, spreads most of the quantisation noise out of the
audio frequency range and this is filtered using sophisticated
digital filters which are really mathematical processors working
on the digital information prior to analogue conversion. The
overall result is 16-bit performance with no phase error from cir-
cuitry which is cheaper and simpler to manufacture in the long
term.

THE DISCS

Software is the name often given to the musical content of the
discs and the initial batch of releases received mixed reviews. Of
the 200 early titles only 20 or so were considered first rate both
artistically and technically. The remainder were so exposed by
the faithfulness of the CD system that poor recording techniques
such as bad microphone positioning, audible edits in the master-
tape and unusual balance of the musical components were
scrupulously revealed.

However, considering the vast amount of mediocre to poor
material published on vinyl since the advent of the microgroove
l.p., we can conclude that the CD is doing somewhat better.
Some reviewers tend to compare the worst of compact discs
with the best of vinyl l.p.s. When compared best for best the
compact disc is superior in every way.

One reason for a so-called ‘bright’ reproduction on some CDs
is that the original master recordings were engineered for the
viny! Lp. which is known to depress the high frequencies in the
pressing process. Recording engineers sometimes deliberately
boosted the high frequency in recording to compensate for this
loss, yet CD reproduces this faithfully. It is generally realised in
the recording industry that recording techniques will be modified
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Fig. 4. Block diagram showing the signal processing in the compact disc player. The degree to which
the buffer memory capacity is filled serves as a criterion in controlling the speed of the disc
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to take full advantage of the new medium.

A few ‘golden-eared’ hi-fi reviewers have claimed that they
can hear the odd harmonics caused by quantisation, particularly
at lower frequencies (Fig. 5) where the transitions between levels
may be much lower than 44. 1kHz because of the slowly chang-
ing waveform. Some have claimed that the low frequency steps
give harmonics which are not filtered from the audio range giv-
ing a ‘graininess’ to the music. Most of us mortals with normal
audio faculties hear, as near as possible, the sound that is heard
in the recording studio. To put this to the test recently an assem-
bled group of top reviewers listened to the CD replay compared
directly with the most sophisticated studio tape machine. They
all conceded that they could not tell the difference.

ANALOGUE ~— g,

ALEREAREALE

Fig. 5. A low-level low-frequency signal digitised. The
transitions between levels can be at a much lower fre-
quency than the 44-1kHz sampling rate

The conclusion is that the CD medium is almost totally
transparent, permitting the listener to hear clearly what was
recorded on the master-tape. But we are all subjective beings
and as such hear and assess sound quality according to our own
preferences. The hi-fi press have consistently hailed the
Philips/Marantz machines as having a more subtle, ambient
sound than the Japanese machines. Yet I know of someone with
a very expensive hi-fi system who has auditioned most of the
CD players at home on his own system and produced a list of
preferences in reverse order to what the experts told him.

It all boils down to personal taste. If you like the sound of a
particular CD player on your system, ignore the experts: they
have a vested interest in controversy.

THE FUTURE

Second generation CD players are already being designed
and when they are launched they will be claimed as being easier
to use, providing more information (such as track titles, playing
duration, etc) and probably hailed as producing better quality
sound.

Present CD player prices will hold steady until the original
research and development costs are recovered. This may be
some time because the launch prices of £500 to £650 can only
leave a lean profit margin on this highly sophisticated
technology. Ultimately the prices should fall to the £200 to £400
level.

The disc prices should fall in real terms, eventually leaving
little difference between the price of a CD and the conventional
l.p. It is not expected that vinyl l.p. sales will rapidly decline. CD
is offered as supplementary, not as a replacement. Some have
predicted that the vinyl l.p. will be dead within ten years, but it is
my guess that there will still be a market for the analogue
enthusiast.

There is news of a possible alternative system from the USA.
A company called Soundstream have developed a digital ‘card’
player where a postcard sized plastic card is slowly moved past
a rotating lens system and a laser beam detects the information
(See PE July 83, Patents Review). This is potentially cheaper in
terms of the player and ‘cara manufacture, but as yet there is no
commitment by any manufacturer. As advertisements for CD
claim ‘Pure, perfect sound forever—and it’s available now.” The
first in the market-place has a distinct advantage in setting
standards.
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V.T.’s views and opinions are entirely his own and not necessarily those of PE

HE rest of the kids in our street were nor-

mal enough. They all wanted to be engine
drivers. Not so your humble servant. I went
through an impressive list of aspirations:
brain surgeon, Master of the Rolls, Chief of
the Imperial General Staft, even Prime
Minister until I read somewhere that Che-
quers can be a bit chilly in the winter.

But probably my most burning ambition
was to be a farmer. That yen lasted a long
time. It was sparked off by an idyllic week
spent on a farm in the Home Counties under
the auspices of the Children’s Country Holi-
day Fund which in those days catered at rock=
bottom cost for the offspring of parents in
straitened circumstances. Mine were that
alright.

Reared in the concrete jungle of Central
London, it was my first real taste of the
pastoral existence. Acres of green earth, an
old flagstoned farmhouse, great lumbering
horses pulling ploughs, friendly old cows,
agile chickens, weatherbeaten men with bits
of string tied below their knees (to stop the
rats running up their trousers, they told me),
vast quantities of wholesome food and air
that tasted like new wine. It all gave me a
sense of heritage.

But apart from the personal pleasure, that
glorious week engendered for me an abiding
respect and admiration for people who get
their living from the land. They worked long
hours in all weathers for low pay. There was
always some chore to perform. They were
never off duty. And they found their reward
in doing a vital job superbly well and in a life,
it seemed to me at the time, untouched by the
stresses of other callings and one that ap-
peared practically immune to change.

Just how rose-tinted were my spectacles
was brought home to me recently when I
went along to the Ministry of Agriculture,
Fisheries & Food (I wonder who looks after
Drink?) to learn how far modern electronic
technology has invaded the farmer’s world.
The indications are that in many cases it has
taken over almost completely.

The man from the Ministry—who,
because Civil Servants are quite properly a
self-effacing breed, must remain nameless—
told me that computers have been playing a
part in farm management for more than 20
years. And now that they are coming down in
price and becoming more and more versatile,
so their application to farming services is
growing.

“The use of electronics in farming is an
evolutionary process,” said the M from the
M. *“As devices and systems become more
sophisticated, so the farmer is provided with
more opportunities for greater efficiency and
more streamlined management.

“Take animal husbandry, for example.
Many procedures have become virtually
automatic.” Milk can be weighed, yields can
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be monitored, cows can be fed, changes in
temperature and deviations from the normal
can be detected and recorded. Even getting a
cow into a byre is becoming an automatic
operation.

“The larger farms, of course, are the
biggest users.” But, as a result of this process
of evolution I mentioned, smaller farms, too,
are gradually following suit.

“So much in agriculture depends on the
cycle. A cow, for instance, ovulates every 21
days.” If you can’t get her in calf then, you
haven’t a hope of doing it the day after and
every month you miss costs money. She still
has to be fed. The same goes for crops. A
whole year can be lost in that sector if you
miss out on the cycle. That’s why the more in-
formation you can. cull, the greater the con-
trol you can exercise, the more profitable and
efficient farming—which is big business
today—becomes. This is where modern
technology is proving so helpful. “You can
now, for example, control a tractor to plough
a field.”

““A cow for instance
ovulates every 21 days”’

] %

The Ministry’s Agricultural Development
& Advisory Service goes all out to aid and en-
courage farmers and growers in the applica-
tion of computers and electronics. Exhibitions
are staged annually by ADAS at which the
newest advances are shown by equipment
manufacturers. The most recent of these was
held at Sioneleigh, Warwickshire, last
Autumn. More than 120 firms participated.

Every aspect of computers and electronics
in farm management was covered, from
financial forecasting and analysis to the elec-
tronic control and operation of intensive feed
systems.

In a special supplement, published to coin-
cide with the Stoneleigh show, Farmers
Weekly reported a number of case histories to
illustrate that the use of computers and elec-
tronics pays off. A pig farmer in North Hum-
berside, for example, is using a computer to
give him a constantly updated picture of
every aspect of his activity. So is a
Buckinghamshire turkey breeder. Likewise
other farmers in Abingdon, Exeter and Salop.

In North Yorkshire a spraying contractor
has invested £2000 in a radar control unit to
take a lot of the hard work out of accurate
crop-spraying. A farmer' near Basingstoke
reckons to have cut electricity consumption
by around 30 per cent by adding automatic
humidity controllers to his grain and grass
drying and storage system.

Romanticists—and at heart I'm one of

them, I’m afraid—may mourn the passing of
the old rustic scene of yesteryear when ‘Dick
the shepherd blows his nail and milk comes
frozen home in pail’ (Shakespeare, I think,
but correct me if it wasn’t). But one has to be
realistic. Electronics is here to stay. Even
down on the farm.

The fruits of fame, though always
welcome, do not always seem logical.

Take the case of our newest electronics
knight, Sir Clive Sinclair. Only a churl would
deny admiration of this man of talent and
energy who has helped to show the sup-
posedly invincible Japanese the side, if not the
back, door. History throws up such a person
only rarely and we should be thankful.

Nevertheless, it is hard to accept that
because a man has achieved distinction as an
innovative entrepreneur in the technical and
industrial field, he should automatically be
regarded as an instant pundit on everything
else that affects the human life.

I have just been listening on Radio 4 to a
broadcast of the programme Any Questions
in which Sir Clive, along with others whose
authority might also be brought into ques-
tion, was asked to pontificate on such matters
as dispersal of IRA terrorists to a number of
prisons instead of being lumped together (for
as long as it could hold them) in the Belfast
Maze: the kind of advice one should give to a
daughter about to start her first term at
university (the scope here was enormous);
whether children should be corporally
punished at school; how to solve the labour
problems at Vauxhall (how, indeed); and
whether your average Civil Servant knows
what day it is.

I must say that, because he’s a man who
thrives on challenge, Sir Clive performed well
on all counts. Where he really shone, of
course, was when he was asked to comment
on the effect of home computers on family
life. His answers were constructive, if predic-
table, but I did detect a wince—even though
the programme was in sound—when co-
panellist Gerald Kaufman MP went so far as
to describe computer techniques as an advan-
ced form of Scrabble.

But I still pose the question: is it sensible
that because a man hits the jackpot in one
area he should be rated as an oracle in every
other? Does a mastery of one discipline spell
all-embracing erudition?

Rejoice with the canary. For many years,
certainly as long as I can remember, they
have been carried by face-workers into mines
to detect the presence of noxious gases. Now
all that is to be changed. Our feathered
friends are, according to a newspaper report,
to be sent to good homes when their essential
office is taken over by electronic devices. Giv-
ing the bird to canaries can only be a good
thing. But what about other forms of animal
life? Do they still have pit ponies staggering
about below ground? If so, is technology look-
ing at ways for their liberation? I only asked.

It was encouraging to hear that ITV will be
launched into space by 1987. We already
know that the BBC has the go-ahead for
1986. If we are to be bombarded by a
plethora of programmes—irrespective of
their quality and entertainment value—it is
as well that the blame is evenly distributed.
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STILL on the theme of single chip microprocessors, and following
the cheap but primitive Intel 8748 and the elegant, new,
Motorola 68701, we now come to the powerful but rather ugly
Zilog entry, the Z8.

The main problem | faced in writing about the Z8 family was in
deciding which particular member | should feature, since in fact
there are several devices which could be used in hobby applications
although none of them has the desirable feature of on-chip
EPROM. The Z8 part number is really a generic title, and no one
device in the family is actually coded Z8, although most people do
refer to whichever chip they are using as “A Z8" anyway, which is
why | have used this number as the file-sheet heading.

All the family devices share the same basic architecture, with dif-
ferences only in the type and guantity of memory provided, so in
the end | decided to do the Z8603 because it is the easiest to com-
pare with the 8748 and 68701 by virtue of its use of EPROM. Not
true on-chip EPROM, in this case however, but “piggy-back”
EPROM, utilising a 2716 which plugs into a 24 pin socket on the
upper surface of the 40 pin microprocessor package.

At first sight this “piggy-back” scheme seems very attractive
since it allows the use of low-cost EPROMs which can be program-
med in a standard PROM programmer, but unfortunately the com-
plexities of connecting 24 address, data, and power lines to a 24
pin socket within the confines of the 40 pin microprocessor
package actually makes this technique more expensive than true
on-chip EPROM in which all the interconnections are made at the
chip level.

The 28603 is one of three devices in a sort of Z8 sub-family led
by the Z8601 which uses masked ROM and is intended for mass
production. Both the Z8601 and the Z8603 have a 2K byte
ROM/EPROM space and 144 bytes of on-chip RAM organised as a
large register file. Each device has 32 programmable /O lines, a full
duplex UART for serial communications and two 8 bit timer/coun-
ters. The third device in this sub-family is the Z8602 which is inten-
ded only for development tasks since it has no on-board ROM or
EPROM but has 24 additional lines brought out for the connection
of external memory instead. As a result, the Z8602 uses a large and
expensive 64 pin package, and is unlikely to be useful for hobby ap-
plications.

Also available is the more recent Z8611, 28612, Z8613 sub-
family which has provision for 4K bytes of ROM or EPROM but is
otherwise identical to the 01, 02, 03 series.

At the risk of confusing you further, there are two more family
members which have special relevance, the Z8681 and the Z8671.
The Z8681 is useful since it is (like the Intel 8035 and the Motorola
6803) intended for use with external EPROM but it achieves this by
using a multiplexed address/data scheme so that it can take advan-
tage of a cheaper 40 pin package.

The 28671 is interesting (and useful) because it is a pre-
programmed 28601 featuring a 2K "Tiny BASIC” interpreter in the
masked ROM. When used with an external RAM the 28671 can
accept BASIC programs entered via a VDU or similar terminal, and
then run directly without the user needing to be involved with
assemblers or machine code.

The advantages of high level language programming are offset to
some extent by the much slower execution speed, but nevertheless
the Z8671 is very useful for non-time critical applications such as
burglar alarms or central heating controllers. There is more infor-
mation on the BASIC used in the software section below, and in
the next Microfile | will be featuring another single-chip BASIC
machine, the National 8073.
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The Z8 family came along after the Intel 8048 of course, but it
has caught on well with users, despite higher prices, thanks to its
powerful high speed architecture. One particular area where Zilog
reigns supreme is in the disc drive controller market where, to-date,
no other single chip processor has been able to operate fast enough
to deliver the required data throughput rates.

Despite its acknowledged power however, the Z8 is a real chip
off the Zilog block and suffers from all the ugly-duckling problems
of its bigger Z80 and Z8000 brothers. True to form, Zilog have
traded elegance and simplicity for raw power, and have shoe-
horned in every possible hardware and instruction set extra in the
interests of performance, even when this adds considerable com-
plexity for the user. Also in the Zilog tradition is the lack of com-
patibility with any of the other Zilog microprocessor families,
although Z80 fans will probably feel at home with most features of
the Z8 family.

REGISTERS

All 28 devices, including the Z8603, have 144 bytes of RAM
available on the chip and every single RAM byte either is, or can be,
used as a register. The only register not mapped into the RAM area
is the program counter which is a full 16 bits long allowing up to
64K bytes of program memory in an expanded system.

There is no special accumulator register, since all 124 general
registers in the RAM register file can be used as accumulators, ad-
dress pointers, or even index registers, in addition to their use for
temporary data storage. As well as the 124 general registers, there
are 20 “specials” which include a register pointer which can be
used to address any one of the nine groups of sixteen registers
available to provide a working register area. Use of the register
pointer allows rapid access to the working register group since only
four bit addresses are needed and these can fit into fast one or two
byte instructions. Although the register pointer is nominally an
eight bit register, only the most significant four bits are used to
specify the working area.

Also in the group of twenty “specials” is the 16 bit stack pointer
which uses two locations. Like the 68701 the Z8 family can have a
stack anywhere in memery and of any depth, allowing unlimited
subroutine nesting and the use of PUSH and POP instructions for
register save/restore operations.

Although a 16 bit stack pointer is useful in some extended ap-
plications it cannot be used to the full in a basic single chip system,
because of course the stack will have to be in the register array,
leading to a dangerous “'dual-function” conflict which the program-
mer has to beware of. In small systems the best ploy for saving
registers is simply to swap to a new working group by altering the
register pointer value. Subroutine CALL and RETURN operations
and interrupts, however, will always invoke use of the stack, and so
some of the internal RAM will have to be set aside for that purpose,
even in small systems.

Also in the “specials” is an 8 bit flag register which contains the
usual Carry, Zero, Sign, Overflow and half carry flags, plus a
"Decimal adjust” flag for BCD opetations and two “User flags”
which can be set, reset and tested as required by the programmer.

All the other special registers are associated in some way with
the extensive |/O capabilities of the Z8 processor. There are four
registers corresponding to the four 8 bit 1/0 ports available, and
three more for defining the modes of these ports. Only three mode
registers are needed because ports O and 1 share a register due to
their interrelated secondary function as memory/address buses.
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each line individually, but port 3 is a catch-all port which, in addition
to providing a simple parallel /O function, can be programmed to
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1/0 lines, four interrupt lings and a data memory select output. The
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and OOBH. The interrupt sources are IRQO to IRQ3 (available on
port 3), Serial IN, Serial OUT, Timer O, and Timer 1, making eight in
all because IRQ3 and Serial IN share a vector, as do Timer O and
Serial OUT.

Any or all of the interrupt sources may be disabled by setting the
appropriate bit({s) in the Interrupt Mask Register, and the priorities
of individual interrupts can be shuffled by setting up the Interrupt
Priority Register. Also available is an Interrupt Request Register so
that the status of individual interrupts can be rea? under program
control. Once again, Zilog have gone to great lengths to make their
interrupt scheme the best available, one of the reasons for the
success of the Z8 in high speed real-time applications.

INSTRUCTION SET

All the Z8 family share the same instruction set, which includes
47 basic instructions with six addressing modes and four data
types. Like the 8048 but unlike the 68701, the Z8 instruction set
has been optimised to ensure the production of fast, compact code,
but the set available is very much more powerful than that of the
simpler Intel device.

The Z8 can handle bits, 4 bit nibbles, bytes, and words, and has a
full set of 16 condition codes for use with the JUMP and JUMP
RELATIVE instructions.

Instructions can be one, two, or three bytes in length, and even
the fast two byte instructions can specify both a destination and a
source address thanks to the working register bank concept which
allows four bit addresses to be used for inter-bank transfers.

Three byte instructions can have 8 bit source and destination ad-
dresses to give full access to the RAM array, but external address-
ing slows things down somewhat, by requiring a register indirect
reference to generate a 16 bit address.

Zilog say there are six addressing modes, but to me it looks like
seven because there are two types of register addressing. Using the
Zilog nomenclature however, these are the modes available:—

Register In which the designated operand is contained in the
specified RAM register. The register reference can either be
four bits or eight bits fong for intra or extra bank addressing
respectively. This mode can also be used to specify a 16 bit
data location when used with those instructions which
operate on words rather than bytes.

Indirect Register in which the designated register contains
the address of the operand. Once again the register reference
can be to a register, working register, register pair or working
register pair where the last two can be used to access external
data memory.

Indexed in which an opetand address is calculated by adding
an offset in a working register to an index value held in a dif-
ferent register. Since neither the offset nor the index value are
specified in the instruction (both are indirect references) this
mode can also be used to provide based addressing.

Direct in which an absolute 16 bit operand address is
specified in bytes 2 and 3 of the instruction. This mode is only
available for JUMP and CALL instructions and cannot be used
for data memory access.

Relative in which an 8 bit two's complement value in the in-
struction is added to the program counter to form a new ad-
dress. This mode is only usable with relative jump instructions.

There are many useful instructions in the set, some of which you
might not expect to find in a single chip processor. The useful Zilog
DJINZ {Decrement and Jump if Not Zero) looping instruction is
there, and any register in the current working bank can be used as
the counter. Also available are instructions useful for moving blocks
of data, including an autoincrement load instruction which can
transfer a byte from external data memory, addressed by a register
pair, to an internal working register with both pointers being in-
cremented following the transfer. Using this instruction a very
simple code loop can transfer blocks of data quickly.

The Z8 supports BCD arithmetic, and has 16 bit increment and
decrement instructions. It does not, however, provide 16 bit
arithmetic or a multiply ipstruction‘like the 68701
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SOFTWARE

Like most single chip processors, the Z8 does not enjoy a freely
avallable software base, but the Z8671 Tiny BASIC is interesting
and deserves a mention.

Squeezed into the 2K byte ROM array on the Z8671 is an in-
teger BASIC and a monitor which allows programs and data to be
downloaded from a terminal into an external RAM.

There are 16 keywords as follows:

GOTO, GO@, USR, GOSUB, IF . . . THEN, INPUT, IN, LET, LIST,
NEW, REM, RUN, RETURN, STOP, PRINT, PRINT HEX.

Up to 26 variables (A to Z) are available, and numbers can be
specified in either decimal or hexadecimal format. The Z8671
BASIC can directly address registers and ports which makes it easy
to use in control applications, and once a BASIC program has been
debugged it can be stored in an external EPROM to run
automatically when power is applied.

The number crunching capability of this integer BASIC is not of
course adequate for scientific or financial calculations, but in the
control applications for which it has been designed, it is quite suf-
ficient.

A number of manufacturers now produce low cost single board
computers using the Z8671, and there was a useful applications
article published in the July/August 1981 issue of 8YTE magazine.

If you have a simple process to control or monitor, and are
worried about the terrors of machine code programming, then the
Z8671 could be for you!

INTERFACING

As you would expect in a single chip processor, the Z8 has an
on-chip clock oscillator which only requires an external crystal.

A number of control lines are available to simplify system expan-
sion, and these are worthy of note. An address strobe (AS) is
provided to permit the multiplexed low address information on port
1 (ADO to AD7) to be latched, and a data strobe (D3) is activated
for each external data transfer to simplify memory design. Also
available are the conventionsl read/write (R/W) and RESET func-
tions.

The Z8603 can address up to 62K bytes of external program
memory and 62K bytes of external data memory. The two memory
spaces can either be mapped into a common 64K byte range, or
they can be kept separate by using another port 3 option, the DM
control output, to select between the two areas.

The port 1 and 2 multiplexed data/address bus scheme is similar
to that used by the Intel 8085 processor, and so it should be pos-
sible to use 8155 and 8755 peripherals with the minimum of logic.
Other peripherals which require demultiplexed address and data
can be interfaced by means of an octal address latch in the
usual way.

Peripherals from the 8080/8085 family, or even the 6800
family, are probablv quite suitable, and there seems little point in
using the expensive Z80 peripherals with their sophisticated, but
unusable, interrupt logic.

One of the most challenging interface design problems for the Z8
family is in deciding what to do with port 3, which has so many
mutually exclusive options, but | suppose that's half the fun, isn’t it!

APPLICATIONS

The Z8 family has many potential uses both for hobby and
professional use, and is particularly well suited to those jobs where
very high speed operation is required.

The device is very much a “controller” like the 8048, and is un-
likely to be useful for data processing tasks where the 68701
would undoubtedly come off best.

The simplest way to employ a Z8 is to build or buy a 28671
module so that the advantages of the BASIC language can be en-
joyed, but for manv jobs this will be too slow, and in these cases
the Z8603 piggy-back chip or the Z8681 ROMIless version will be
best.

Yet another application for the Z8 family is as peripheral devices
for larger microprocessors like the Z8000, and there is a special
device, the Z bus Z8090, which is intended specifically for this pur-
pose. Yet another version is available for interface to the Z80, the
Z28590.
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FEBRUARY

GOMPUTER
TERMINAL

Build a serial (RS232 and BBC RS423) linked, full or half duplex
"‘glass teletype’'—remote VDU + keyboard terminal. This single-
board system will driva either TV or monitor with 16 rows of 64
ACIl characters, monochrome. Has hardware selectable BAUD
rate, and extra functions to drive cassette, bell, reverse video etc.

MONITORS FOR
HOME GOMPUTERS

Buyers Guide

TEMPERATURE
CLOCK TIVIER CONTROLLER
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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 education and industry. With prices from as
low as £425, even the home enthusiast can aspire to his or her

own robot. - e -
- 4 GENESIS

Each robot in the Genesis
range has a self-contained 81 01
hydraulic power source
operated from single phase 240 3
or120v ACorfroma12vDC =
supply. Upto 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
microprocessor. Movement sequences
can be programmed by means of a
hand-held controller orthe 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
interro?ation 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 aiso
valuable additional
training as an
assembly project.

GENESIS
P102

~HEBOT N

Turtle-type
robot

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

The robot connects directly to an VO port or, via the interface
board, to the expans on bus o?la ZX81 or other microcomputer

HEBOT i

Weight 1.8kg

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

MICROGRASP

L ° 1

PONERTRAN

[T L

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

MICROGRASP

Weight 8.7kg. lifting capacity
100

Universal computer interface
board kit £48.50
23 way edge connector £2.50
AX81 peripheral/RAM pack

9
Robot kit with power
splitter board £3.00

145.00

Cupply

GENESIS S101

Weight 29kg, lifting
capacity 1.5k
4-axis model {kit form)

GENESIS P101
Weight 34kg, lifting capacity
1.8k

£675

5-axis model (kitform) £475
5-axis complete system
(kit form) £737
5-axis complete system

£425 (ready built) £1,450

[ GENESIS P102

| Weight 36kg, liting capacity 2kg
6-axis system

6-axis model (kit form) (kit “orm £1175.00

6-axis complete system 6-axis system

(kit form £945 |geady built) £1950.00

6-axis complete system owertran Cortex

(ready built) £1,650 | mic-ocomputer
self-assembly kit

| ready-built

£295.00
£395.00

POWERTRA

cybernetics Itd.

A MEMBER OF TH= FEEDBACK GROUP OF COMPANIES.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3PE. TEL (0264) 64455
ALL PRICES ARE EXCLUSIVE OF VAT — ALLOW 21 DAYS FOR GCELIVERY.
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EXPANDING THE
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DRIVER BOARD . ..
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HIS month, a mains driver board, an opto-isolated input
board, and the promised points which have been
troubling those readers new to hardware construction.

THE HIGH VOLTAGE/POWER OUTPUT BOARD

The high power output board follows more closely the
method of operation of the l.e.d.s and switches board in that
it uses 4 inverters of each of 2 x 7405 open collector hex in-
verters to drive the l.e.d.s in the opto-isolating devices, and
produce correct logic at the outputs of the isolators. A logic
“1" at the port produces a logic 0" at the output of the in-
verter. This makes the cathode of the infra-red l.e.d in the
opto-coupler low relative to the supply voltage, allowing it to
draw current and light up. This in turn switches on the triac,
silicon controlled rectifier, or darlington transistor stage,
whichever is chosen.

36

Each of the opto-couplers mentioned are encapsulated in
6 pin d.i.l. packages. In each, the infra-red light emitting
diode has its anode at pin 1 and cathode at pin 2. Outputs
are at pins 4, 5 and 6 as indicated in Fig. 4.1.

In order to increase the versatility of the interface, provi-
sion has been made on the board to enable the use of any of
the couplers illustrated.

The opto-coupled triac is capable of driving lamps or
motors up to 400Va.c. and 1:2A r.m.s. On the prototype the
author used Ex. WD 24V lorry side lamps connected in
series {12 per circuit). They had been previously coloured
with spirit based, theatre type stains and produced in-
teresting chasing displays. The lamps were bought very
cheaply some years ago from a magazine advert and might
be still available.

The opto-coupled s.c.r. is capable of a similar application
and has current handling capabilities of 400Va.c. and 5A.

The output from the collector of the transistor of the
opto-isolator can be used to drive a further transistor stage,
enabling greater current handling facilities.

Yet again, the output can be interrupted by an external
electrically insulated switch pulling the logic “1" at the port
down to ground potential. If triacs are used to drive disco
type lighting displays, these could take the form of toggles
mounted on the outside of a case.

CONSTRUCTION

As both boards are single-sided, there should be no dif-
ficulty in mounting components, all of which are readily
available from Practical Electronics advertisers.

Connections to the boards are really an individual choice,
according to the application for which they are intended. The
author used p.c.b. terminal pins for grounding the outputs
from the ports as this facility would not be required on all
outputs and where needed, would be permanent. These
were also used for connection of inputs to the Input Control
Board.

Two types of 0-2in. pitch terminal blocks are available.
One type enables the output leads to be screwed down,
whilst the other type is suitable for use with 2mm plugs. The
author chose the latter simply because the sockets were
available as was a good supply of 2mm plugs. Further to
this, these connectors were most suitable for experimental
work.

Output sockets from the High Voltage Board presented a
different problem. First, insulation had to be considered and
provided the board is suitably encased, either type of con-
nector is suitable. Another factor is the choice of opto-
coupler to be used and protection of the substrate of the
opto-triacs. Again, because they were available, p.c.b. test
points were used. These were also suitable for use with the

Practical Elecironics January 1984
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Fig. 4.1. Circuit diagram of high voltage output board
(abbreviated) showing (below) the choice of opto-
coupled devices fori.c.s 3-10
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[ COMPONENTS ...

HIGH VOLTAGE OUTPUT BOARD

Resistors

R1-R16 470 (16 off)
Semiconductors

D1 1N4001

1C1,1C2 74LS05 (2 off)

1C3-IC6 opto-isolated triac (4 off)

IC7,1C8 opto-isolated thyristor (2 off)

I1C9,I1C10 opto-isolated Darlington (2 off)
Miscelianeous

SK1-8

See text
L P.c.b. J

[ a E}\ <]
B 5] P AN
8 o | :

W

€6134 4
single opto-isolator opto-isolated Darlington opto-coupled s.c.r. opto-coupled triac
+5v

FILAMENT LAMP
ENSURE PEAK INRUSH
CURRENT IS < 1-2A
240V AC
20V AC
low power filament lamp driver resistive load driver
e APPLICATIONS
FILAMENT LAMP
ENSURE PEAK INRUSH
CURRENT 1S <4A
240V AC

switched input isolation
offering good noise immunity

insulated 2mm plugs, which were plentiful. And by using in-
dividual sockets, there could be no accidental connections to
the triac substrate.

It should be mentioned here that the sockets used were
from ex-computer panels, that are advertised regularly in
P.E.

The individual reader’'s personal experience will determine
whether or not sockets are used for mounting components.
In the author’s case, sockets are generally used only for the
more expensive i.c.s since modern TTL and CMQOS devices
are quite robust. |f sockets are used for the High Power
Board, 6 pin, d.i.l. turned pin types should be suitable for
handling the current, otherwise wire-wrap sockets can be
cut to fit.

Practical Electronics January 1984

lamp driver

INPUT CONTROL BOARD

Finally this month, is the Input Control Board. For this
interface, only 2 Quad Opto-Isolators are required, but for
those who have Dual Opto-Isolators at hand, these will fit
neatly into place and are fully compatible internally and pin-
wise. See Fig. 4.7.

Input resistors to the anodes of the infrared light emitting
diodes at pins 1, 4, 5 and 8 vary according to the input sup-
ply voltage and could very well vary with each input. Typical
values are 470ohm for +5V, 1KO for +12V and 1K5 for
+15V. A formula is given by the manufacturer:

Ri s — Vf

TWhere Ri is input resistor, Vs is supply
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voltage, Vf is forward voltage drop across diode and If is
forward diode current.

The cathode of each diode, pins 2, 3, 6 and 7 is coupled to
its individual ground.

The transistors of the opto-couplers are completely
isolated from the input supply voltages and are used in a
guasi common emittef mode. RL is typically 12k, but 1M's
were used on the prototype to limit current drain at the port.

Inputs to the port are from the collectors of the internal
transistors and the emitters are tied to ground.

When there is no input from the l.e.d., (i.e. the l.e.d. is off)
the transistor is also off and output from the collector to the
port is at logic “1”. When an input signal turns the l.e.d. on,
the transistor conducts, bringing the input from the collector
to the computer to logic “0"". (Remember that it is a logic
0" that the computer recognises as an input.)

Note: When all lines are set as inputs, the I/O Register at
memory location 37136 shows all logic “1's, (in other
words, NOT inputs) therefore decimal 255 will be indicated
on the screen. As each data line is brought to logic “0",
when inputs are sensed, the decimal value of the data line is
subtracted.

Try this program again, putting signals on the inputs and
monitor the changes.

Fig. 4.2. Printed circuit
layout for high voltage
board (actual size)

NOTE: If this board is inten-
ded for high voltage applica-
tions it is suggested that it

10 POKE 37138,0
20 PRINT PEEK (37136)
30 GOTO 10

It should not be difficult to write a screen indicator, to
monitor the 1/O Register and either draw a graphic display
representing the state of the port, or simply output sound
and visual messages. (e.g. Digi-Talker).

The board has many useful applications about the home,
laboratory and workshop as a sénsor for alarms, levels of
liquids and distance of travel, to mention but a few.

APPLICATIONS

These interface boards are a means of communication
between the computer and the outside world, whilst offering
complete immunity from destruction by the external devices
to which they are connected, provided that the overloading
and insulation precautions are observed.

It was found when testing the opto-coupled triacs, that
they remained turned on after removing the logic “1° from
the gate. It was also found that they were sometimes turned
on, merely by switching on the mains and remained on

Port 1/O Control Board 2

oto o—¢ :\gd

ect2

should be suitably encased to
avoid accidents.
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despite instructions from the port. (It must be remembered
that the triac is bi-directional and can be activated by either
a logic 1", or a logic 0" at the gate.) The problem was
overcome by inserting a ‘snubber’ network across the MT1,
MT2 terminals. A ‘snubber’ network comprises a O-1p
capacitor and 100ohm resistor, connected in series and can
be inserted anywhere in the external circuit across the mains
wiring, to suppress interference caused when switching in-
ductive loads. This cured the problem. The networks can be
purchased in an encapsulated package for approximately £1,
or made up from a 100n polyester capacitor and a § watt
1000hm carbon film resistor, for a few pence.

It is not the intention of the author, to elaborate on the ap-
plication of these boards, since school, workshop and home
situations abound with opportunities for the computer to
break away from the games and graphics modes. The com-
puter can be utilised to control precisely timed cyclic opera-
tions in external apparatus, whilst monitoring the progres-
sion on the screen, or there can be manual control from the
keyboard, of motors and lighting. Use can be made of micro-
switches and glass reed relays (and magnets) to provide

switching of the inputs to logic 0" and grounding of the
output lines to disable the outputs.

It should also be noted that the inputs can be activated by
external TTL or CMOS circuitry.

Care should be taken with the Low Voltage Output Board
that the load does not exceed 500mA since the internal con-
tacts could be damaged or destroyed by excessive
overloading.

It cannot be over-emphasised, that insulation of outputs
from the High Voltage Board, must be checked and
rechecked before connection to the mains, in the interest of
safety.

The High Power Board especially, could provide bright
and colourful Christmas lighting, whilst the Input Board
guards the presents on the tree.

MIXING THE FACILITIES OF THE CONTROL
BOARDS

Now that the boards have been fully or partially furnished,
for low and high voltage output and for input applications, it
might be necessary to mix the signals.

‘@ OV +SV D7 D6 D5 D& D3 D2 DI DG +5v OV 'q}
o ©® ©@ ® ®@ ® ® @0 ®® e
® @ ~—En—*
EXT AAASARS
] IC1 | 1C2 Bsm
TVIS IS
2 e @
s8 ﬁ &~—R3 }-—e sl
® ® IC10
SK2
- @ ® ® Fig. 4.3. High voltage board compo-
9 o——{ R0 j~—e : S2 nent layout
©® e 1C8 =
SK3
D1 8 * 4
56 R14 - S3
o *CE*E —~{FT )
SK6 ;
—l ® | SK&
#
& RS }—e D), ic6 ® e
S5 o—Riz }—e :%# " S4
@ e 1c2” .
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Fig. 4.5. Input control board p.c.b. (actual size)
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[ COMPONENTS ... 4

INPUT CONTROL BOARD
Resistors
R1-R8 470 W 5% (8 off)
R9-R16 1M W 5% (8 off)
Semiconductors
D1 1N4001
1C1,1C2 1LQ74 (2 off)
Miscellaneous

P.c.b.

k Vero pins J

To enable this to be carried out with the greatest of ease,
a simple terminal block can be used as an intermediary be-
tween the computer and interface boards. This not only cuts
out the cost of sockets, but makes the mixing of applications
much quicker and adds to the versatility of the boards by
making lines CA1 and CA2 available from the input control
board to enable interrupts to be utilised (see last month).

The terminal uses just one socket connected by ribbon
cable to a 12 way in-line terminal block. Unterminated rib-
bon cable is used on the interface boards, which can be con-
nected at will. This not only saves wear and tear on the port,
but makes the board available for use on several computers
by making up suitable terminals.

A quicker method of mixing applications can be achieved
by connecting, shall we say, an input control board and low
voltage output control board to the terminal block by way of
8 s.p.d.t. switches, the common going to the terminal and
one side of each switch to the corresponding data line on the
interface boards.
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Fig. 4.6. Input control board component layout
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Fig. 4.7. Two juxtaposed
dual opto-isolators may be
? used instead of one quad
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HARDWARE HINTS

The author often uses Bi-Pak bargain packs to cut costs of
resistors, transistors, diodes, l.e.d.s, etc, as well as those of-
fered by many other advertisers. Resistors are often adver-
tised as low as 70p/100 for same value or 90p/100 mixed.
Values in common use are 100R, 470R, 1k, 2k2, 4k7, 10k,
15k, 22k, 33k, 47k, 100k, 470k and 1M. Polyester
capacitors are available in cheap packs and come in the pop-
ular 470n, 330n, 220n, 100n, 47n, 33n, 22n, 10n values.
Electrolytic packs are not so good, comprising large quan-
tities of low voltage, physically large types. C.R. Supply Co.
give good value and it is good practice to build up a stock, in
order to save postage. Useful values of electrolytic and tan-
talum bead capacitors are 1y, 2y, 4u7, 10p, 22y, 33y, 47y,
100y, 220y, 470u, 1000y, 2000y and 3000u. Ex-computer
boards are a valued source of cheap top quality components,
and also provide essential practice in desoldering. Bi-Pak,
mentioned earlier, often sell bargain packs of fibreglass
p.c.b. and etch resist pens. Greenwald have a current offer
on ferric chloride. Midwich are one of the most competitive
in prices of logic and memory devices, whilst Watford and
Technomatic stock those ‘difficult to get’ bits and pieces. It
is worth studying the market. Have you noticed the dif-
ference in prices of prepared p.c.b.s? This is sometimes
determined by the quality of the board with regard to
thickness of fibreglass and copper laminate. Important with
uncased projects and novice constructors, but not so impor-
tant if projects are cased and constructed by experienced
persons.

TOOLS

Essential tools are a small pair of side cutters, snipe nosed
pliers, wire strippers and a leak-proof soldering iron—15
watt Antex, or similar. With the help of the car or household
tool kit this would be a good start. Next essential is a
multimeter. This should have printed on the dial, 20000
ohms per volt, or 50000 ohms per volt. Several versions of
the latter type have recently flooded the market as a ‘range
doubler’ meter and have been as low as £15 on special offer.
The author is pleased with the one he bought for £20 and
finds it has a useful selection of ranges. For making holes in
printed circuit boards, before the miniature drills came on
the market, the author used a Black and Decker D500 drill
held in the lap (crikey!). However, a modern miniature drill is
recommended, with 0-8mm drills for i.c., transistor, diode
and capacitor holes, 1mm for resistors and 4000 series
diodes and 1-3mm for presets and pilot holes. Accessories
for these drills are a worthwhile addition later on.
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PRINTED CIRCUIT BOARDS

Those who wish to make their own circuit boards will re-
quire copper taminated fibreglass board, double sided for
Part 1 of the series and single sided for the other projects.
Also required is an etch resist pen or etchant repellant com-
ponent pads, and ferric chloride crystals. Those who have
facilities for using photo resist methods of board production
should be familiar with their own process.

Drawing with etch resist pens is not as difficult as it at
first seems. First cut a piece of board to the size of the board
being produced and include in it the extension bar shown on
the double sided board foil patterns. These extensions are
provided for those lucky few who have gold plating facilities,
but they can also provide a guide for placing the edge con-
nectors in the correct place. A photo copy of the foil patterns
would be useful here, otherwise use tracing paper and mark
off with dots, where every hole appears on the component
side of the board. Also place a dot at the thin line that joins
the bar with the edge connectors. Whichever method is
used, tape the dot pattern to the p.c.b. and drill the holes.

After drilling the holes, remove the pattern guide and
clean both sides of the board of all drill burrs and other
marks with very fine sand paper or fine wire wool. This also
gives an edge for the resist to grip. Now either lay out the
component side of the board with etch resist pads and lines,
or, first draw the pads and then the lines with etch resist
pen. Remember, to get the ink flowing in the pen, it is
necessary to press the point at intervals. Do not do this on
the board as it sometimes makes a large blob. Do not worry
if the resist sometimes appears thin. It is complete coverage
that matters—not the thickness of the resist. Any errors
should be gently scraped off with the rounded part of a craft
knife—not the point.

The opposite side is generally known as the copper, or
track side, even when referring to.double sided boards. Great
care has to be taken when drawing this side not to scratch
the top surface tracks. A holding frame is best, but a slot cut
in two lengths of wood should form the basis of a satisfac-
tory holder. This side has the greater number of tracks and
also has tracks between the pads. Again, draw your pads
and then draw the lines. Should they meet, again scratch
awav a very thin line to make a division between the pads
and the intended track, just enough to expose copper. If you
fail first time put on some more etch resist and when set try
again. One advantage of the slotted wood is that this also
makes provision for holding a ruler over the board to make
drawing easier. After completion check both sides, then
check again, correcting any errors.

ETCHANT

Ferric chloride crystals should be dissolved in water a day
or two before use. The author makes up a solution in a cof-
fee jar and adds crystals to warm—not hot—water, stirring
until saturated. Do not add water to crystals as this causes a
violent chemical reactian.

The benefit of a wide necked jar is that many small p.c.b.’s
can be dangled in the jar without using a dish. The author
usually threads a piece of sleeved wire through a hole in the
board and suspends this over the neck of the jar. This is a
good method of examining the boards and also allows air to
reach the board surface, enabling quicker chemical reaction.
If the board is etched in a dish, it should be floated on the
surface of the etchant. Again, the author ties a loose noose
of sleeved wire around the board, allowing the board to be
examined. By placing the board on the surface of the etchant
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at an angle, air bubbles are forced out, leaving the whole
surface exposed to the etchant. As copper is dissolved away,
it falls to the bottom of the dish,.leaving a fresh surface of
copper exposed. After total etching of both surfaces, which
takes about 15 to 20 minutes in fresh solution, the etch
resist is removed from the board: Again, the author uses wire
wool, which provides a clean surface for soldering.

A 11b pack would last for several years, each jar described
processes several square feet and keeps until exhausted.

SOLDERING

Multicored solder must be used. For the applications in
this project, 22 s.w.g. is suitable. When new, soldering irons
are normally fitted with a g inch bit. The best size for i.c. work
is 75 or 4% inch. Most irons come fitted with iron coated tips.
These keep cleaner and last much longer than plain copper
tips.

It is usual to mount the lowest lying components first.
This makes soldering much easier, because after mounting,
the board is turned over on a flat surface, so components are
held in place by that surface. The usual mounting order is,
wire links, resistors and diodes, i.c. sockets, horizontal
presets, capacitors and transistors, l.e.d.s etc, soldering tak-
ing place at each level.

When soldering, each joint should take around 2 to 3
seconds, with the solder and iron being applied
simultaneously.

USE OF THE BOARDS

The author deliberately left out of the article on the RAM,
ROM and motherboards, information that is available in the
Vic 20 User Manual. Since the author has a copy of The Vic
20 Programmers Manual and Nick Hampshire's Vic
Revealed, he has not read the one supplied with the Vic 20
as the abovementioned does explain everything much
more fully. Not being very conversant with programming, he
has found the routines provided in these two references
invaluable in compiling small routines for testing the inter-
faces.

The motherboard permits use of 3 x 8K RAM boards if
desired, these being placed in BLKs 1, 2 and 3, at edge con-
nectors 10, 11 and 12 counting from the left-hand side of
the board, with the edge connectors towards you and the
components facing up. These take positions in memory at
2000Hex, 4000Hex and 6000Hex. On the prototype board
copper track, a split disc was provided above each of these
edge connector segments and a blob of solder was all that
was required to select the memory position. However, in the
published article, two sets of parallel pads are provided
which require short wire links. These locations can be used
for RAM or ROM. Indeed, most games cartridges and Vic-
mon use BLK3. The Vic system uses BLK4 at 8000Hex and
BLK5 at AOOOHex is available for ROM only and is normally
used by Super Expander. The Commodore 8K package
resides at BLK1 and the 16K package resides at BLKs 2 and
3. The author uses BLKs 1 and 2 for his two 8K boards. Hav-
ing a disc unit, he intends using the Vic 20 for storage of
amateur radio callsigns, but after several years of using a
Nascom with 32K memory (it once had 64K}, recommends
that the starter in computing should limit his memory to 8K
unless he buys games that require 16K and save his money
for more useful equipment. Very few people write programs
that take up even 8K. The Vicmon and Super Expander chips
are available from some Commodore dealers, but it is not
known if these are supplied under licence. Should this be so,
details will be supplied in a later section. When fitted to the
RAM or ROM boards, they behave exactly the same as on
the Commodore boards.
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The motherboard will permit the use of any commercial
i.c. package and these will have no effect on the RAM
residing at the same memory location. ROM takes
precedence over RAM and normally replaces any program or
random values that were previously stored. Should a
program in ROM not be correctly terminated (such as END
or RETURN in Basic) the program would then try to continue
into the adjacent memory locations, but it is unlikely that this
should be the case.

Those readers wanting to make the 3K RAM board, with a
4K ROM (Super Expander), might have difficulty in getting
the 4118A RAMs. Should only the 4118N or 4118P type
static RAMs be available, these have a latching facility at pin
19. In this case, an additional cut will have to be made in the
track at pin 19 of the ROM and on the A10 side of the end
RAM. An insulated link is then taken from pin 19 of the
ROM, across to A10 and a further link on either side of
the board between pins 19 and 24 (+5V) of any one of the
RAMs to prevent it floating.

PIGGY-BACKED ROMS

The author ‘piggy backs’ his ROMs, but did not mention it
in the article because this should only be done by experien-
ced constructors. And these readers probably do it in any
case. As the method has been requested, this is how it is
done. If it is intended to ‘piggy back’ ROMs, there is no point
in using sockets, so the first ROM is soldered into place with
pin 20 CE bent out instead of being fitted into the hole. The
second ROM is then soldered on to the first, again with pin
20 CE bent out.

There is room for a smalli SPDT (or DPDT) switch to be
mounted on the ROM board between ICs 2 and 3. The
switch should be towards the back, track-side, of the board,
care being taken not to foul or break any tracks. The com-
mon terminal of the switch is taken to the most convenient
connection to the ROM pin 20 CE pad. This could be the
track to the decoding i.c. The other sides of the switch are
taken to pin 20 CE of the individual ROMs. Should 2 x 8K
programs be put on the board in this way (2 x (2 x 4K)),
care should be taken in connecting the correct pairs to the
DPDT switch.

The penalty is extra drain on the Vic 20 power supply, but
the 6116 RAMs use so little current that the whole would
cause less drain than the Commodore 16K RAM Board,
which uses 2114 RAMs.

Once again, for the information of experienced construc-
tors, the 4118 stands up wel to soldering direct to the
board.

It is hoped that these extra notes are helpful to those who
requested them. Should there be further requests for extra
information these notes will be updated accordingly-and will
appear in later parts of this series.

STEPPER MOTOR CONTROL

It was hoped that a number of more useful BASIC 1/O
routines would be included at the end of this article, but due
to lack of space, they have been deferred to Part 5. Next
month will also follow on from this with some hardware of
interest to the robotics fan.

With a great interest being taken in robotics and the
availability of cheap ex-equipment or surplus stepper
motors, the next part in this series will cover applications of
two separate stepper motor controllers, and modes of
operating them to suit different stepper motors.
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Build your own

SEGURITY st

DIGITAL ULTRASONIC DETECTOR
US 5063

® 3levels of discrimination against false
alarms

® Crystal control lor greater stability

® Adjustable range up to 251t

@ Built-in delays

® 12V operation

This advanced new module uses digital signal

processing to provide the highest level of

ywhilstdisc gagainstpotennal
false alarm conditions. The moduie has a built
inexitdelay and timed alarmperiod, toge ther with
a selectable entrance delay, plus many more
outstanding features. This advanced new
module is available at

only £13.95 + VAT,

ULTRASONIC MODULE
Us 4012

® Adjustable range from 5-25ft

This popular low cost ultrasonic detector Is
already usedin a widerange of applications from
intruder detectors to automatic light switches
and door opening equipment featuring 2 LED
indicators for ease of setting up. the unit
represents outstanding value at

£10.95 + VAT

INFRA—RED SYSTEM
IR 1470

. "i’

Consistingof separate transmitter and receiver
both ot which are housed in attractive moulded
cases. the system provides an invisible
modulated beam over distances of up to 5011,
operating a relay when the beam is broken.
Intended for use in security systems, but also
ideal for photographi¢ and measurement
licati the systel lable at

only £26.61 + VAT, S 20 x 50 x

POWER SUPPLY & RELAY UNIT
PS 4012

Provides stabilised 12V output at B5mA and
contains a relay with 3 amp contacts. The unit
is designed to oper ate withupto 2ultrasonicunits
or 1.infra-red unit IR 1470Q. Price £4.25 + VAT,

SIREN MOOULE SL 157

Produces aloud penetyating shiding tone which,
when coupled to a suitable horn speaker
produces S.Pl.'s of 110dbs at 2 metres
Operating from 9- 15V, the module contains an
inhlbit facility for use in ‘break to activate
circults, Price £2.95 * VAT,

5%"” HORN SPEAKER HS 588
This weather-proof horn speaker provides
extremely high sound pressure levels (110dbs
al 2 metres) when used withthe CA 1250, PS
1866 or SL 157. Price £4.95 * VAT,

3-P0S. KEY SWITCH 3901

Single 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. 9.00-1.00 p.m.

SAE with all enquiries.

Add VAT to all prices.

Add 50p post & packing to all
orders. Please allow 7 days for delivery

Order by telephone or post
. using
your credit card. | <
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ALARM CONTROL UNIT
CA 1250

The heartof any alarm systemis thecontrolunit

The CA 1250 0ffers every possible feature that

is likely 10 be fequired when constructing 8

system whether a highly sophisticated

installation, or simply controlling a single

magnetic switch on the front door

® Built-inelectronic sirendrives 2 loud speakers

® Provides exit and entrance delays together
with fixed alarm time

® Battery back-up with trickle chargirg facility

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

® Anti-tamper and panic faciity

@ Stabilised output voitag:

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

® Screw connections for ease of installation

® Separate relay contacts lor switching external
ioads

® Test loop facility

Price £19.95 + VAT,
SIREN & POWER SUPPLY MODULE

PSL 1865

A compietesiren and power supply mocule which
15 capable of providing sound levels gf 110dbs
at 2 metres when used with a horn speaker. In
addition, theunltprovides astabilised 1 2V output
upto 100mMA. Aswitchingrelayisalsoincluded
s0 that the unitimay be usedin conjunction with
the US 5063 or US 4012 to form a complete
alarm

Price £9.95 + V.A.T.

HAROWARE KIT
HW 1250

only
£9.50

+ VAT @

This attractive case is designed to house the
control unit CA 1250, together with the
appropnate LED indicators and key switch
Supplied with necessary mounting pillars and
punched front panel, the upit is given a8
professional appearance by s adhesive silk
screened label. Size: 200 x 180 x 7Imm.

HAROWARE KIT
HW 5063

only
£9.95
+ VAT

This hardware kit provides the necessary
enclosure for a complete self-contained alarm
system which comprises the US 5063, PS
1865, loud speaker type 3515 and tey switch
3901. Atractively styled, the unit when com-
pleted, provides an effective warning system
without installation problems Size: 200 x 180

70mm,

ULTRASONIC MOOULE
ENCLOSURE R pe
£295

-
Suitable metal enclosure for housing an indi-
vidual ultrasonic module type US 5063 or US
4012. Supplied with the necessary mounngg
pillars and screws etc. For US 5063 order
5063; for US 4012 order SC 4012,

RiISCOMP LiMITED
Dept. PES,

21 Duke Street,

Princes Risborougk,

Bucks. HP17 0AT

only

Princes Risborough (084 44} 6326

Electronic Brokers

Test Equipment
DISTRIBUTORS

-4 Philips PM 2517X Handheld DMM £172
Mutt+-function, 4 digit autoranging with manual
override. True RMS to 10Amp. Battery operation
Optional accessores extend measurement capabilites.

Philips PM 3207 15MHz
. Oscilloscope £385 »
Tough light-weight portable for field service
work with big screen. Oual trace, TV
triggering, X-Y operation, add and invert.

-4 Philips PM

5107 Function Generator £295

Designed for audio and educational
cations. Low distortion LF generator

10Hz to 100kHz, sine and square

waveforms. TTL output.

Philips PM5503 Pattern Generator »
£139 Small, light-weight for TV servicing.
Five different test patterns for colour and
monochrome. Tone for audio checking. Video
output.

-4 Philips PM 6667/01 Frequency
Counter £290 High resolution

7 digit computing counter from 10Hz to
120MHz. Auto ranging on all waveforms
PM B668/01 (£425) performs to 1GHz.

New Fluke 70 serles
Analog/Digital Handheld
Meters Al meters have 3
year warranty, all feature
measurement functions of
volts, ohms, amps end
diode test.

JF 73 £65 DC accuracy
0.7% Autoranging

JF 75 £75 DC accuracy
0.5% Auto/manual ranging
JF 77 £95 DC accuracy
0.3% Touch hold function
Muiti purpose holster

9% < Hameg HM 103 10MHz Oscilloscope
g £158 Single trace, suitable for field service

or home corstructor. Two year warranty

apphes to ths and all Harneg instruments

Hameg HM &
== 203-4 20MHz
Oscilloscope £264
Duat trace for generg purpose applications
inindustry and education. X-Y operation, TV
triggering, add/invert and component tester

-4 Hameg HM 204 .. -

20MHz Oscilloscope £365 High
performance instrument with sweep delay
Versatie triggering to S0MHg, variable hold
off control, Z modulation and internal
lluninated graticule

/

1.C.E. Microtest BO Multimeter £19
Compact meter in robust case

40 ranges of measurement with high
sensitivity and accurecy. Large range of
INEXPENSIVE BCCEeSSOres.

tlectronic Brokers Ltd., 61/65Kings Cross Road,
London WC1X 9LN.Tel:01-8331166. Telex 298694

e —————————— e —————————
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FREE CAREER
BOOKLET

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 these 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
—— WANT AND POST TODAY
|

|
|
|
-

ELECTRONICS T.V. & AUDIO I
1 ENGINEERING SERVICING i
i A Diploma Course, recogmised | A Diploma Course, traiming i
by the Instutute of Engineers you n all aspects of installing,
l & Techmicians as meeting all maimntaining and repainng T.V l
l acadenwuc standards for and Audio equipment, l
l application as an Associate domestic and industrial l
I— . 1
J. ELECTRICAL RUNNING YOUR ]
| ENGINEERING OWN BUSINESS ]
J A further Diploma Course It tunming your own ]
l recognised by the Institute of electronics, T.V. servicing or l
Engineers & Technicians, also | electrical business appeals,
l covering business aspects of then this Diploma Course I
| electacal contracting trains you in the vital business 1
knowledge and techniques
= you’ll need =
l Name :
l Address '
l ICS l
Dept Q273
l Iﬂs 16e<§JSlewans Road, @ o ?2..299” l
London SW8 4UJ. — lall houtst
l--------_-------------

o
S

Fastest EPROM Erasing!
WITH RELIABLE Gpecraiinve ® SYSTEMS

RATED No 1 BY PROFESSIONALS
NOW AVAILABLE FOR THE HOBBYIST

Professionals in the Systems industry acknowledge
the superiority of the Spectroline® range of EPROM-
Erasers over any others on the market. Now the
small-systems user and home computer hobbyist can
enjoy the henefits of owning the latest and most
advanced UV erasing system.

\’/

£30 (plus VAT)

SPECIAL OFFER

The Spectronics PE-14 is a fast, efficient personal
user Eraser, of the same high quality as those
supplied to Industry but at an affordable price.

Dynecer g (L

GU15 3DH
Telephone: (0276) 26517
Telex: 858618 (TECHUK G)

For immadiate attention, telephone BRYAN HANSEN

TWO GREAT HOBBIES /3
...INONE GREAT KIT!

The K5000 Metal Retector Kit combines the challenge of DIY
electronics assembly with the reward and excitement of
discovering Britain's buried past.

As a Metal Detector—the K5000 boasts the proven

pedigree of C-Scope, Europe’s leading detector manufacturer.

As a Kit—simplified assembly techniques require little technicat
knowledge, and no complex electronic test equipment. All stages
of assembly are covered in a finely-detailed 36 page manuat.

Detector Features Analytical Discrimination &Ground Exclusion

Ask at your local Hobby/Electronics shop or use the coupon and
send with your remittance to:-
C-Scope International Ltd., Wotton Rd., Ashford, Kent TN23 2LN

'_Please send me ...... K5000 Kits @ £119.99(+£3.00 p+p) each.

J N N N N N N N

O Pilease debit my Barclaycard/Access |£ l
IO 1enclose Cheque/PO — |
T ———— e+ W s eSO B
' I

Please allow 14 days for delivery._l
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Space

Watch...

SPACELABS

This vital mission catches up on previously
laid plans and the hopes of its Commander
John Young. John is fond of saying that he is
the ‘old man’ of the team. He has a low pulse
rate even when waiting for the final seconds of
lift ofT (50 per minute). He is without doubt the
most retiring and calm man 1 have ever met.
This will be his sixth flight and the fulfilment
of his fondest hopes. With him will be Owen
Garriot who was the civilian who flew in
SPACELAB 1. He was the first of the
astronauts of the time to talk freely and com-
fortably about his own thoughts. Service per-
sonnel tend to be somewhat reserved when
they are alone and talking to a civilian. As he
was basically an electrical engineer we quickly
found common ground especially on the
philosophical aspects of a first experience. The
other members of the team are Brewster Shaw
who will be co-pilot, Robert Parker, Ulf Mer-
bold of West Germany and Byron Lichten-
berg. The latter two members will be known as
the payload specialists. They will be in cons-
tant touch with the Earthbound specialists
who devised and set the scientific experiments.
Since there are so many people on board it will
be a little cramped. This will provide a useful
test of close proximity living. There will be
further information in the next issue but the
mission will be over before that is available.

The many delays of this mission have
arisen because of the joint funding. The first
spacelab under this scheme will belong to
NASA. On balance a reduced enterprise has
produced something, but we are in danger of
being left behind by Russia. It is true that
there is a special concentration of energy on
the ferrying of hostile hardware into space as
is shown with the Soyuz/Salyut space mis-
sions; it is also true that the Shuttle system is
now proven. We must therefore catch up with
the co-operation for the advancement of a
peaceful mankind, a great future lies before us
if our endeavours are maintained as they were
planned. Unfortunately the control of funds
lies with those who are perhaps not able to
realise the importance of the future, that first
priority is for our preservation, order and well-
being.

JOBS IN HAND
The SPACELAB programme is carefully
worked out but it is hoped that there may be
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additional experiments according to time
available and the astronauts’ own inclination.
The planned tasks are divided among groups
of scientists. In this mission some 47 experi-
ments cover the biological and materials field.
Attention will again be towards the distress
cabised by motion sickness which has recently
been the subject of some rethinking. This is
likely to involve the study of plant cells in
weightléss conditions. So far no concrete
statements have come from the teams who are
workiﬂg on the matter. Nor has there been
/any gesults so far published about the effects
of the rotational movement of travel, in-
troduced because of the effects of temperature.
These experiments are time consuming and
are also restricted by the physical space
available.

Some of the experiments are quite ingenious
such as that devised by Helen Ross, a psy-
chologist at Stirling University. This is in the
form of small steel balls. A box of 24 has been
supplied to each member of the crew. Each
box contains steel balls of the same size but of
differing densities. The task is to take a pair of
balls and in the weightless conditions of space
try to assess the difference in weight. This
would add enormously to our knowledge, if &
difference of density could be detected. The
full programme will be issued from other
sources, unfortunately too late to appear here.

RUSSIAN LAUNCH EXPLOSION

The mishap at the launching of the Russian
mission to put a mixed crew into space was
the second of such ventures to be aborted. The
most recent was much more hazardous than
the previous one. The attemptzd launch was.
made from the pad at Tyuratam on September
28th 1983. Fortunately the cosmonauts were
not seriously injured.

The sequence of events is thought to be as
follows: Sensors detected a malfunction and
immediately a command was made to the es-
cape system which then fired, drawing the
SOYUZ away from the area. The escape
tower rockets pulled the complete SOYUZ
with its shroud and the crew well away from
the booster. Then the main section carrying
the crew was separated after first jettisoning
the instrument section. The parachute opened
at a height of several hundred feet and the
crew descended to safety.

There is another matter yet to be settled
and that is the ‘make up’ of the crew. It was
known that the third member of the crew was
to be a Russian woman or an Indian scientist.
Perhaps we shall never know.

JUPITER AND OTHERS

Now that Voyager’s records are being
deciphered it is becoming clear that the giant
planets were formed from ice particles. The
formation of Jupiter and Saturn was not, it is
now suggested, formed by the direct result of
gravitational collapse of large gas clouds, but
by the accumulation of small bodies made of
solid ice. It is suggested that Titan, the largest
satellite of Saturn, is a surviving example. Un-
til recently it was thought that the formation
of the solar system was such that the Earth
was about 4-6 million years old and that the
original body is now our Sun, this was the

generally understood picture. It follows from
this that the Sun and the Planets should be
composed of common elements and that they
would be in the same proportion. The fact is
that the infra-red findings of Voyager disagree
with this. Thus the simple view that the solar
svstem came from one source is in grave
doubt.

This complicates the matter especially for
those who have had doubts that the Sun is the
main part of the original mass but rather is a
large piece while the rest originally was the
main source of material. Without digressing
however at this time if the findings of Voyager
are confirmed then we are forced to do some
considerable rethinking. It would seem indeed
that a whole new viewpoint is provided for ex-
ploration due entirely to the extending of our
knowledge in a very short time, less than a
year or so. It will be interesting to hear the
reaction of others in this regard. One is-
tempted to enter the fray at such times.

AMSAT

Oscar 10, the amateur satellite of the Inter-
national Amateur Organisation, has had only
a part of its planned mission fulfilled due to a
failure of the ARIANE launch. The satellite
failed to reach its planned orbit as a result of a
series of problems and consequently it is not
working as scheduled. Even so it has been do-
ing quite a useful job.

The orbit is inclined 25-9 degrees instead of
the planned 57 degrees. The orbit only covers
a little over half of that planned. Frequent off-
pointing manoeuvres of the aerials are
necessary for the present. The satellite is spin
stabilised and stands around 14ft high; it is
shaped like a three-pointed star. The objects of
the satellite were for relay services for amateur
operators and for the study of
multiple access techniques using linear
transponders.

IRAS AGAIN

The claims made recently for the first
planetary find of matter surrounding a star
suggesting a new system like our own, have
been opposed by ground based astronomers.
Ground based astronomers are hinting of
other disk systems which exist and are more
interesting than those discovered by IRAS.
Some of them are already at an advanced
stage and are said to be around 100,000 years
old. They have about the same mass as the
Sun but are younger than the Sun, being under
100,000 years old. Their interiors are
producing energy by nuclear fission but their
outer layers are only now settling down.

Astronomers are pointing out that the mat-
ter of other planetary systems has been
studied for at least ten years and the stars in-
volved have been the subject of scientific
papers. So here we go again with new dis-
coveries and rivalries.

Such is the nature of exploration that we
learn more of the Universe. Every new dis-
covery leads us to doubt what we previously
thought and what the truth might be.

Frank W. Hyde
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HE exclusive-OR gate (usually

referred to as the XOR gate) com-
pletes the set of basic gates commonly
encountered in digital circuits. The
XOR gate only occurs in a 2-input
form, and its behaviour is such that the
output is a logic 1 if only one of the in-
puts is at a logic 1. Thus, if both inputs
are at logic O, or both are at logic 1,
then the output of an XOR gate will be
a logic 0. The corresponding truth table
for the exclusive-OR gate is shown in
Table 4.1, and the appropriate logic
symbol is shown in Fig. 4.1.

INPUTS [OUTPUT
A B A®B
0 0 0
0 1 1
1 0 1
1 1 0

Table 4.1. Truth table for the 2-
input XOR gate

I o—

Fig. 4.1. Circuit symbols for the
XOR gate

As its name suggests, the exclusive-
OR is a variety of the OR gate; the
‘proper’ name for the more frequently
encountered type of OR gate, which
we have already met in the series, is
the inclusive-OR gate. The inclusive-
OR name is, however, only normally
used when it is necessary to make the
distinction between the two types ab-
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solutely clear; it is normally assumed
that OR refers to inclusive-OR, and that
XOR refers to the exclusive-OR func-
tion. The XOR gate, however, arguably
performs the ‘true’ OR function
because its output is 1 when one input
or the other is 1, but not otherwise. The
point is of passing interest, however,
since the common use of these terms
is as described above.

Now that we have seen the function
performed by an XOR gate, it is ap-
propriate to look at how such a gate
can be built up from the other standard
gates, before moving on to look at uses
for XOR gates. We can make a first
guess at the XOR equivalent circuit by
working out the Boolean Expression for
the XOR function. As a first step in this
process, we will suggest a definition of
the behaviour of the XOR gate. The
description given above tells us that, if
the inputs to the gate are labelled as A
and B, and the corresponding output is
X, then the gate will function as
follows:

IfA=1andB=0thenX =1
or IfA=0andB = 1thenX=1

Using the standard Boolean nota-
tion, we see that the operation of the
XOR gate can therefore be described
by the expression:

X=A.B+A.B

From this expression we can see
that an XOR gate can be built up from
other standard logic elements as
shown in Fig. 4.2. We shall see later
that there are other Boolean Expres-
sions which would equally well
describe the behaviour of the XOR
gate. These in turn would give rise to
equivalent circuits that are outwardly
different to that in Fig. 4.2, but the

DAVID WHITFIELD mA MSc CEng MIEE
Part Four

B

l EG1366

Fig. 4.2. The XOR gate made up
from other functions

point to remember is that these dif-
ferent expressions and circuits are sim-
ply alternative ways of describing the
same behaviour. We will need to ex-
plore Boolean Algebra a little further,
however, before we are able to prove
that these alternatives are equivalent,
so for the moment we will confine our
discussion to the circuit of Fig. 4.2.

We now have a description for the
behaviour of the XOR gate in terms of
both a truth table and a Boolean Ex-
pression. The expression given above,
however, is rather cumbersome and, in
view of the possibility of aiternative
forms of the expression, it is not always
immediately recognisable. For these
reasons, therefore, there is a shorthand
notation for XOR in much the same
way as we have already seen for AND,
OR and NOT. The shorthand for the
exclusive-OR function is the @ symbol.
Thus, from what we have seen above,
we can choose to describe the action
of a two-input XOR gate by either of
the following (equivalent) expressions:

X=A.B+A.B
or X=A@®B

These two expressions are
equivalent in every way; the second

form, however, makes it easier to
recognise where an XOR gate could be
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used in a practical circuit. Now let us
have a look at some examples of uses
for real XOR gates.

7486 TTL XOR GATE

The 7486 is a quadruple 2-input
XOR gate whose pin configuration and
internal layout is shown in Fig. 4.3. The
i.c. is in fact pin-compatible with the
7432 inclusive-OR gate, although it is
rather unlikely that an exchange of this
type will be required very often! The
four gates are, as usual, electrically
identical, and the power supply con-
nections are quite standard.

[ [ [ [ 6

(d) (c)
R
EE
DO RaRaRORoRn

Fig. 4.3. Pin configuration for the
7486 quadruple 2-input XOR

+V

So far, so good, but what about
practical uses for this new gate, or is it
only a curiosity of rather limited
usefulness? In fact, the XOR gate turns
out to be unexpectedly versatile. In
Fig. 4.4 the gate is shown used as a
controllable complementer. If the com-
mand signal is a logic O, the signal will
be unaffected by the XOR gate. When
the command signal is a 1, however,
the output signal is the logical comple-
ment of the input signal.

INPUT D__
~OUTPUT

CONTROL

Fig. 4.4. An XOR gate as a con-
trollable complementer

A more interesting use of the XOR
gate is as a data scrambler, or coder.
The idea is that the data to be protec-
ted is mixed with a random-looking
(so-called pseudo-random) stream of
O's and 1's from a digital generator.
The wanted signal and the scrambling
signal are combined by an XOR gate to
form a chain of mixed good and bad
data. Whenever the random scrambl-
ing signal is a 1, the wanted signal is
inverted, thereby scrambling the
original information. The scrambled
signal is then transmitted down a line,
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SCRAMBLING
SIGNAL

=
F . CODED DATA —m
5

]

DATA

RECEPTION

=1

DATA

Fig. 4.5. A data scrambling circuit using XOR gates

or even over a radio link. At the far end,
there is another XOR gate driven by a
synchronised digital generator
providing the same signal as was used
to scramble the data originally (it may
even be the same one), which allows
the scrambled data to be decoded.
When the scrambling signal is a 1 at
the receiving end, the incoming signal
is inverted, thereby undoing the inver-
sion introduced at the sending end;
when the scrambling signal is a O, the
incoming signal is unaffected. The
point to note is that unscrambling the
data in the middle (e.g. by tapping
the line) is very difficult since neither
the original signal nor the scrambling
signal are known. This type of circuitry
therefore finds considerable use in
cryptography, locks and in all sorts of
security systems.

A simple demonstration of the
coding technique just described is
provided by the circuit shown in Fig.
4.5. The circuit is set up by inserting a
7486 in socket A, with pin 1 aligned
with A1, and then adding the following
links.

S3 to A1 (Original data)
S3 to D1

Clock to A2 (Coding signal)
Clock to A5 (Decoding signal)
A3 to A4 (Scrambled data)
A3 to D2

A6 to D3 (Received data)

A6 to A11 (RX data)
S3 to A12 (TX data)
A10 to D4 (Data error)
ov to A7 (Supply)
+5V  to A16 (Supply)

In this circuit, S3 provides the signal
to be scrambled, and D1 shows the
signal level. The Clock signal from the
PE Logic Tutor is used as a coding
signal, although more complex coding
will usually be employed in practice.
The scrambled signal is shown by D2,

— e 1 E——

and the unscrambled signal at the
receiving end is shown by D3. The third
XOR gate is used to compare the sent
and received signais. If there is any dis-
agreement between them, D4 will be
illuminated to indicate a transmission
error.

Pressing S3 should cause D3 to
change to indicate the new output
state (also shown by D1). The indicator
on the scrambled link {D2), however,
will show that it is impossible to work
out the true state of the coded signal.
Remember that in practice the scram-
bling signal will usually be faster and
more random than the Clock used here,
and that the link between A3 and A4
could be a telephone or radio link, mak-
ing the system much more secure.

XOR GATES AS ADDERS

The traditional use for the exclusive-
OR is shown in Fig. 4.6. The circuit
here is for what is known as a binary
half-adder, and is used in building up
binary addition circuits. The subject of

(Eenato)
Fig. 4.6. A binary half-adder

binary numbers is covered in detail in
Part Five, but for the present no such
detail is required. The half-adder circuit
shown foliows the rules of binary
addition:

0+0=0
O0+1=1
14+40=

1+ 1=0pluscarry 1
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The truth table for the half-adder cir-
cuit is shown in Table 4.2. In multi-bit
arithmetic applications, we must
cascade the carry output from one
stage to the carry input of the next

INPUTS OUTPUTS

A B SUM |CARRY
0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

Table 4.2. Truth table for a binary
half-adder

stage. This type of circuit is known as a
full-adder, and it is common to find a
single i.c. incorporating many such full-
adder stages, having cascaded carry in-
puts and outputs. Although this subject
is a little beyond the scope of the
present series, readers may like to in-
vestigate the behaviour of the full-
adder circuit shown in Fig. 4.7; the
truth table is given in Table 4.3.

The fuli-adder circuit shown below
is constructed on the Logic Tutor as

]
L]

CARRY IN

follows. Insert a 7486 XOR gate into
socket B, and a 7400 NAND gate into
socket C, both i.c.s having pin 1 of the
appropriate socket. Then add the
following links:

S1 to B4 (Carryinput)
B4 to C4

S3 to B1 (Ainput)

B1 to Ci1

S4 to B2 (Binput)

B2 to C2

B3 to B5 (A@B)

B5 to Cb5

B6 to D1 (Sum output)
C3 to C12

Cé6 to C11

C10 to D2 (Carry output)
B7 to OV {(Supply)

C7 to OV (Supply)

B16 to +5V (Supply)
C16 to +5V (Supplyl

In the circuit as wired above, the two
normal inputs (A and B) are provided
by S3 and S4, respectively; the carry
input is provided by S1 (or fixed logic
levels if this is more convenient than a
momentary switch). The sum output is
displayed by D1, and the carry output

CARRY OUT

by D2. It is then an interesting exercise
to verify the truth table given in
Table 4.3.

Readers may, as a final exercise, like
to try constructing a second full-adder
stage, using the other two XOR gates
from ICB and a further 7400. The
carry output of the first stage is simply
connected into the carry input of the
second. Is its behaviour as you would
expect? If not, try again after Part Five!

Fig. 4.7. A binary full-adder
INPUTS OUTPUTS
Cin A B SUM | Cout
0 0 0 0 0
0 0 1 1 ¢]
0 1 0 1 0
0 1 1 o] 1
1 0 0 1 0
1 0 1 o] 1
1 1 0 0 1
1 1 1 1 1

Table 4.3. Truth table for a binary
full-adder
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THE FORGOTTEN POWER
SUPPLY

The power supply in any well-
designed system is rather taken for

N DIGITAL ELECTRONICS N

granted. It does what is required, with
the minimum of fuss, and for the most
part can be all but ignored. This can,
however, have some amusing effects
on the thought processes of designers
trying to debug a misbehaving circuit.
It is not unknown for the problem to be
traced eventually to i.c.s which have
been carefully wited up according to
the circuit diagram, but with the power
supply connections omitted. The
problem here is that, if only one i.c. of
many ({usually one that has been
added after the original design was
produced!} is without power, the
symptoms are not always easy to spot.
Strange you may think, but true we
assure you! The extreme of this syn-
drome is usually the basis of a favourite
tale in every lab: the story of how X"
spent all afternoon trying to debug a
circuit which was not even switched
on! All too easy to do when surrounded
by masses of test equipment which is
all switched on and working, but it
does show how much logic power sup-
plies are taken for granted.

The cautionary tales above reflect
some possible results of a situation
that we are in fact striving to achieve;
a logic power supply should provide
power for the circuit without producing
any adverse effects. The use of a logic
family such as the 7400 TTL series
greatly simplifies the task of designing
a suitable power supply since the sup-
ply requirements for the whole family
are similar. On the whole, the major
difference between the i.c.s in a logic
family, as far as the power supply is
concerned, is in terms of the load
placed on the supply. We shall see later
that there are other factors which atso
affect the way in which the supply is
used, but this does not affect the sup-
ply itself. Once we have designed a
suitable TTL supply, therefore, we
should be able to use it for any TTL cir-
cuit which does not exceed the
available load capacity.

POWER SUPPLIES FORTTL

The 7400 family of TTL i.c.s are all
designed to operate from a single
+5 volt power supply. There are,
however, a number of features of this
power supply which we must consider
carefully if our TTL circuits are to
operate reliably and predictably. The
following characteristics summarise
the basic requirements for power sup-
plies intended for use with TTL.

The output from the power supply
unit {p.s.u.) should be regulated so that,
at any time, the voltage is within
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250mV of the nominal +5 volts. |deally
the supply should also be stabilised so
that any variations in the current drawn
by the circuit do not affect the output
voltage. The ripple on the supply line
{often the resuit of inadequate
smoothing in mains powered circuits)
should similarly always be kept to less
than 250mV.

Some simple small-scale TTL cir-
cuits can be operated from batteries
{e.g. three fresh HP2 cells wired in
series), or from wider-range un-
regulated supplies. Many unstabilised
supplies are actually suitable for small
circuits, provided that the output does
not exceed +5-5 volts, but a regulated
supply is always to be preferred. The
greater the number of i.c.s in a circuit,
the greater becomes the need for a
tightly regulated supply. In any event, it
should be remembered that the ab-
solute maximum voltage at the supply
pin of a TTL i.c. is limited to +7 volts.
Exceeding this voltage may cause
damage to the device; the other
{guaranteed) method of doing this is to
connect the supply to the i.c. the wrong
way round!

So far, we have concentrated on the
power supply requirements for TTL cir-
cuits in terms of its volitage specifica-
tions. The other side of the probiem,
however, is to work out the load
current for the circuit to be supplied.
The data books usually quote the sup-
ply requirements in teyms of either the
power {in mW) or the current (in mA)
required by each gate in an i.c.
package. Power supply design is
usually concerned with load current, so
any mW figures must first be converted
to mA by dividing by 5 (the nominal
supply voltage). It should be remem-
bered, however, that this current is
drawn whether or not a particular gate
in an i.c. is being used. Furthermore,
whole unused i.c.s will still place a load
on the power supply unless they are
actually disconnected from the supply
rails.

To work out the total load current for
a particular circuit, we simply add up
the supply currents for each i.c., and
then add in the loads for devices other
than the i.c.s, e.g. indicator l.e.d.s at
10mA each. We usually then add a
safety margin of, say, 20% to this
figure to arrive at the minimum current
that we should design our power
supply to provide. As a guide, supply
current figures for a selection of stan-
dard TTL gate functions are given in
Table 4.5. By way of comparison of
the differences between the TTL sub-
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e a— AvenA(G:ASl#;:u: cc;masm
7400 8
7402 11
7604 8
%98 156
7414 204
74 32 o 19
7486 30

Table 4.5. Supply current figures
for some standard TTL gates

families discussed in Part Three, Table
4.6 shows typical supply figures for
comparable gates in the various sub-
families.

GATE TYPE '\VER(‘\:i i‘é’;"}z)cURRENT
7400 8
74H00 176
[ 74Ls00 1-6
74500 152
74 ALSO0 1 |
74 L00 0-8

Table 4.6. Typical supply figures
for various TTL sub-families

A PRACTICAL PSU CIRCUIT

The simplest way to provide power
for a TTL circuit is to use a mains
transformer, combined with a rec-
tifier/smoothing circuit. This should
provide a raw, unregulated d.c. supply
in the range +8 to +12 volts. We then
add an i.c. voltage regulator stage
to stabilise the output from the

ratings a heatsink may be required to
cool the regulator; the heat generated
{in watts) is equivalent to the product
of the load current {in amps) and the
voltage by which the unstabilised sup-
ply exceeds 5 volts. A typical mains
powered TTL power supply circuit is
shown in Fig. 4.8.

Where an unstabilised d.c. supply of
around +8 volts is already available,
the simplified stabiliser circuit shown in
Fig. 4.9 may be used. This circuit is
simply placed between the unstabilised

4VE- | 7805

’ l GnO] oA é,
UNREGULATED j' e
']

8T012V0..C 220n

OV
Fig. 4.9. Simple stabiliser circuit

supply and the TTL circuit to be
powered. No heatsink will be needed
untess the supply current exceeds
approximately 250mA. The regulator
spacified is suitable for load currents of
up to 1 amp, and others are available
for higher/lower load requirements.

SUPPLY DISTRIBUTION

Producing a good power supply is
only part of the story when it comes to
dealing with real digital circuits. No
matter how good the supply, it is still
possible to run into problems if it is not
properly distributed to the i.c.s in the
circuit. This is another case where we
never really notice good supply dis-
tribution, until we forget! There are a
number of simple rules whichs if

250ma
L
2.0V
1805 0/P 3 o
GND
470n 1k lmn
- 220n ) l "Lw 16V
N 16V !
€ O . : oV

€G1372 2‘4

Fig. 4.8. Mains power supply for TTL

smoothing circuit to +5 volts. These
voltage regulator i.c.s are available in a
wide range of current ratings, and they
provide excelient performance at
relatively low cost. They are very
simple to use, usually include internal
protection against excess temperature
and output current, and are extremely
robust and reliable. At higher current

followed, will assist in producing good
supply distribution, and hence avoiding
trouble.

The most important characteristic of
the interconnections between the sup-
ply and the circuit {i.e. the i.c.s, etc.), is
that they should have a low impedance
at all frequencies below 35MHz (or
125MHz with Schottky TTL). This is
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essential if a sudden change, or burst
of high speed operation in one circuit
area is not to affect another area via
the supply lines. In this respect it
should be remembered that, although
the signals being processed by a circuit
may be slow, the switching speed of
TTL is always high. The impedance of
the supply leads is usually most affec-
ted by two factors: how the supply is
distributed, and how the supply rails
are decoupled. We will look first at how
to minimise the impedance of the sup-
ply by proper distribution of the supply,
before going on to look at decoupling.

The power supply wiring runs them-
selves should have the lowest possibie
impedance. In practice this means that
wide foil tracks are required on printed
circuit boards for both +5V and OV
rails. Typically, the main ground (0V)
rail on the board shouid be at least
8mm wide, while the main +5V rail
should be at least 6mm wide. It is quite
a common practice for the main
ground rail to run all or most of the way
around the edge of the p.c.b. to
minimise the impedance of the ground
tracks to the individual i.c.s. The
general rule here is that the wider the
p.c.b. track, the better.

Connecting the supply to the board
itself should be via terminals which can
carry a heavy current by comparison
with the expected load, or through
several connector pins wired in parallel.
Power supply connections to the board
should use heavy gauge wire of
minimum length. Again, the general
rule is that the shorter and thicker the
power supply distribution leads (on and
off the p.c.b.), the better.

DECOUPLING CAPACITORS

When the output of a TTL gate
changes from O to 1, or vice versa, the
output transistors conduct heavily. The
instantaneous current under these con-
ditions may be as much as ten times
the normal supply current. The idea is
to speed up the switching performance
of the output stage, but a side effect is
that a large current 'spike’ is drawn
from the supply rails. This spike can
easily exceed 100mA, and typically
lasts around 10 nanoseconds. We
must do something, therefore, if this
spike is not to cause problems for the
other i.c.s in the circuit.

The normal solution is to add small-
value capacitors (known as decoupling
capacitors) along the supply rails,
situated near to the i.c.s. The point is
that the current spikes represent very
high frequency signals, and we must
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prevent these from going through the
supply system, and upsetting other
stages. The decoupling capacitors
must therefore be distributed
throughout the supply system, and not
concentrated at the power supply it-
self. These local capacitors then supply
the energy for the supply during the
output transitions, and the spikes are
prevented from spreading into the
system.

The capacitors used for decoupling
shouid be high frequency types (not
electrolytics), and they should be con-
nected with short lead lengths as close
as possible to the i.c. power pins. Smali
disc ceramic capacitors of 4.7uF to
100nF, and rated at 10 volits working
or higher, are recommended for supply
decoupling. This type of capacitor can
conveniently be mounted adjacent to
the appropriate i.c. package, the closer
the better.

in general, a useful rule is to use at
least one decoupling capacitor for
every four or five i.c.s. Add an extra
capacitor wherever an i.c. is further
than, say, 100mm from its nearest
decoupling capacitor. Finally, if in
doubt, add some more decoupling; this
will then safeguard against the
problem that, when a circuit is exten-
ded, extra decoupling is often forgot-
ten. Remember: distributed decoupling
is essential for proper TTL operation.

In addition to the high frequency
decoupling described above, it is good
practice to use some distributed low
frequency decoupling. As a general
rule, a single 10uF tantalum elec-
trolytic capacitor rated at 10 volts is

sufficient for each printed circuit board.
For very large circuits, one such
capacitor per 10-20 i.c.s is a useful
ratio.

The main rule for supply decoupling
is to add what seems to be enough,
and then add some more. Never be
tempted, however, to think that,
because the decoupling capacitors ap-
pear to be connected in parallel, they
can be replaced by a single capacitor of
seemingly equivalent value. This will
not work: The reason is that the dis-
tributed capacitors are not connected
in parallel, they are separated by the
impedance of the supply leads, and by
the transit time of the spikes along the
leads. Fig. 4.10 shows a p.c.b. layout
which summarises the general princi-
ples of supply distribution and decoupl-
ing for a medium-sized TTL circuit; all
signal leads have been omitted for
clarity.

LAWS OF BOOLEAN ALGEBRA
When we introduced Boolean
Algebra in Part Three, we mentioned
that a set of rules were really necessary
in order to be able to manipulate
Boolean Expressions. These rules are
often called identities because they tell
us how to recognise Boolean Expres-
sions which are equivalent to each
other, but which are expressed in a dif-
ferent form. We will also be looking at
the basic laws of Boolean Algebra in
this part of the series, before going
on to the more advanced ideas of
De Morgan and Karnaugh in future
parts. As with all types of algebra, a
firm grasp of the basic laws will be an

0P

| b IOL_J.OH

0P

| p__Jop |

|op
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| b Jop_|

Fig. 4.10. Supply distribution and decoupling rules summarised
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invaluable asset when analysing gate
circuits.

In looking at the basic Boolean Iden-
tities, one useful approach is to use
simple switch logic to simulate the ac-
tions of logic gates. This analogy was
introduced briefly in Part Two, and we
will now use it in discussing some of
the laws of Boolean Algebra as they
relate to two-input gates. To sum-
marise the conventions of switch logic,
a closed switch represents a logic 1,
and an open switch a logic O; Fig. 4.11
shows the corresponding representa-
tions of AND and OR gates.
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Fig. 4.11. Switch logic represen-
tations of AND and OR gates

When we work out the effect of a
Boolean Expression, the rules of
Boolean Algebra say that we consider
the AND functions first, and then the
OR functions. Thus we work through
expressions from left to right, first with
the AND functions, and then again
with the OR functions. We can use
brackets, however, to over-ride this or-
der; the contents of any brackets are
worked out first, before working left to
right as before. Brackets also allow us
simply to clarify an expression, or to
indicate the way in which the circuit
which implements the expression will
be built.

Commutative Law. This law states
that the order in which the terms or
variables appear in a Boolean Expres-
sion is unimportant. In particular, this
means that the following relationships
hold true:

A+B=B+A

A.B=B.A

These are illustrated in switch logic
in Fig. 4.12 (a) and (b), respectively.
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Fig. 4.12. The Commutative Law
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The law in essence means that the
order in which we write down the input
signals when we analyse a gate circuit
is unimportant. The order in which the
functions are written down, however,
may be significant, depending on
whether or not the Associative Law
applies.

Associative Law. This law states that
the order in which identical functions
are performed is not significant. Thus,
if we use brackets to show how
cascaded gates implement the logical
expression, the following relationships
hold true:

(A+(B+C))={(A+B)+C)
(A.{(B.C))=((A.B).C)

These expressions are each illus-
trated, using standard logic symbols
and switch logic, in Fig. 4.13 and Fig.
4.14, respectively. Although the order
in which identical functions appear is
not significant, the order in which non-
identical functions are written down is
important; this difference is highlighted
by the Distributive Law.
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Fig. 4.13. The Associative Law
for the OR function
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Fig. 4.14. The Associative Law
for the AND function

Distributive Law. There are two ways
of expressing this law, depending on
the type of logical operations involved.
The two forms are:
A+(B.C)=(A+B).(A+C)
A.(B+C)=(A.B)+(A.C)

The first form is known as the
product of sums expression, while the
second form is the sum of products
result. The logic arrangements
corresponding to these two forms of
the law are shown in Fig. 4.15 and
4.16, respectively.
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Fig. 4.15. The product of sums
form of the Distributive Law
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Fig. 4.16. The sum of products
form of the Distributive Law

Useful ldentities. There are a number
of other Boolean Identities which are
extremely useful in practical logic
design. We have already seen many
of these in our discussions of the
behaviour of the basic logic gate func-
tions, but it is useful to identify the
underlying theorems for future use.

A+0=A A.0=0 ADO=A

A+1=1 A.l1=A A@1=A

A+A=A A A=A ADA=0

A+A=1 A.A=0 ADA=1
A=A

Although at tirst sight rather simple
expressions, these are probably the
most widely used and useful of the
Boolean Identities.

BOOLEAN MINIMISATION

The most important uses of the laws
and identities described above are
essentially practical; they allow us to
rearrange and simplify logical expres-
sions. When building TTL circuits, the
i.c.s we use often have many gates in a
single package, and one of our aims is
usually to keep the number of these
i.c.s to a minimum. Our objective,
therefore, is to rearrange the logical ex-
pression which describes our circuit so
that we ma