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LEARNING TOOLS 
P101Alk2 
The P101 Mk 2 Hydraulic Robot Arm 
offers unrivalled value for 
money in the field of 
educational robots. 
Either as a self-
contained system or 
linked to an external micro, the P101 Mk 2 gives a realistic 
simulation of industrial robots. The P101 Mk 2's robust 
construction makes it an excellent basis for 
experimentation and general robotics research. 
Six-axis Robot System kit  £1320 + VAT 

PlOnik2 
The two-speed Hydraulic Robot Arm 
is designed to provide"hands-on" 
experience in practical robotics courses.The 
Genesis P102 Mk 2 has most of the 
features of large industrial robots costing 
from 10 times the price. 
The P102 Mk 2 is supplied with its own 
micro-processor control system and 
remote control box. Alternatively an 
external microcomputer can be used to 
control the robot via its RS232C 
interface or parallel port. Complete Six-axis 
Robot System kit 
£1785 + VAT 

nee d produCe
d by Here 

MICROGRASP 
A real programmable robot for the price of a printer! 
MicroGrasp has four servo-controlled axes and an 
independent gripper. The robot can be connected to most 
popular computers via special Powertran adaptors. 
Robot kit with power supply £215 + VAT 
Universal interface board kit £57 + VAT 

Powertran kits are complete 
down to the last nut and bolt, 
with easy-to-follow 
assembly instructions. 

POWERTRAN PLOTTER 
Three-colour precision plotting on an A3 plane. This plotter is 
one of the most versatile peripherals that can be bought. 
Exchange the pen carriage for a router or a scriber for 
computer-controlled etching or machining. Available for BBC 
"B" or RML 380Z. 
£270 + VAT 

11110111 
With independent control of its two wheels, two-tone hooter, 
flashing "eyes", retractable pen and four-way collision 
detectors, Hebot provides an ideal introduction to computer 
control. Connects to most popular micros. 
Complete kit £95 + VAT 
Universal computer interface board kit £11 + VAT 

Access/Visa cardholders - save time - 
order by phone: 0264 64455. 

• 

POWERTRAN  Please send me the following kits   
I enclose Cheque/Postal Order. value £ 
(Don't forget to add VAT) 

Name 

Address   

To Powertran Cybernetics Limited, Portway Industrial Estate, Andover, Hampshire SP10 3PE 
Please allow 21 days for delivery. Otters subjecteo availability. Prices apply to UK only, are exclusive of VAT. 
and correct at time of going to press. Overseas customers - please contact our Export Department. 
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The  background  of this 
month's cover shows the 

"Starsculpture —a  living 
lightening artform", marketed 
by Markplan Ltd. The display 
is formed  by  a micro-
processor controlled plasma 
inside  a 12-inch  diameter 
glass sphere. 

33  P.C.B. SERVICE  ..  ..  52 

OUR JULY ISSUE WILL BE ON SALE FRIDAY, JUNE 7th, 1985 (see page 31) 

Cc) IPC Magazines Limited 1985. Copyright in all drawings, photographs and articles published in PRACTICAL ELECTRONICS is 
fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable precautions are taken by 
PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We cannot, however, guarantee it, 
and we cannot accept legal responsibility for it. Prices quoted are those current as we go to press. 
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WATFORD ELECTRONICS 
250, HIGH ST., VVATFORD, HERTS VVD1 2AN, ENGLAND 
Tel. Watford (0923) 40588. Telex: 8956095 WAELEC 

ORDERS NOR MALLY DESPATCHED BY RETURN OF POST 

ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. SEND CASH, P.O.'. OR CHEQUE 
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED 
(ACCESS ORDERS BY TELEPHONE 0923-50234). TRADE AND EXPORT INQUIRY WELCOME. P & P 
ADD 70p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST. PRICES SUBJECT TO CHANGE. 

Export orders no VAT. U.K. customers plea . add 15% VAT to total cost incl. p&p. VAT We stock thousands more items. It pays to visit us. We am situated behind Watford 
Football Ground. Open Monday to Saturday, 9.00ant to 6.00pm. Ample FREE Car parking. 

TRANSISTORS  
AC127/8  35 
AC141/2  35 
AC176  35 
AC187/8  35 
4C188  35 
A0142  120 
A0149  79 
AD161/2  42 
AF118  95 
AF139  40 
44F239  55 
BC107/8  12 
BC107B  14 
BC1088  14 
BC108C  14 
BC109  12 
BC109B  14 
BC109C  14 
BBC114/5  30 
C117/8  25 
BC140  38 
BC142/3  38 
8C147/8  12 
BC1476  15 
BC148C  10 
8C149  12 
BC149C  15 
13C153/4  30 
8C157/8  14 
8C159  11 
8C167A  14 
BC168C  12 
BC169C  12 
BC171/2  12 
BC173  16 

8C30813  16 
BC327/8  16 
BC337/8  15 
8C441  34 
8C461  34  
BC477/8  40 
BC516/7  40 
BC547/8  12 
BC549C  16 
BC556/7  15 
BC558/9  16 
BCY41/42  30 
BCY70  18 
BCY71  20 
BCY72  25 
BCY78  30 
80131/2  65 
BD133  60 
BD135  45 
B013&7  40 
80138/9  40 
80140  40 
B0158  68  
80245  65 
80434  70 
80695A  150 
8069643  150 
8E115  45  
13F154/13  30 
8F167  35 
8E173  35  
8F177  35 
8E178  35 
8E179  40 
8E194/5  12 
6E198/9  18 
6E200  30 
8E224  40 
BF2444  25 
8F2446  29 
8E245  50  
13F25613  50 
8E257/8  32 
BF259  40  
8E394  40  
6E451  40  
8E494/5  40 
BF594/5  30 
8F939/40  25 
13E1341/79  25 
BFR80/81  25 

BER98  106 
BFX29/84  35 
BFX84  35 
EIFX85/86  35 
BFX87/88  28 
BFy50/51  go 
BFY52  30 
BEY53  35 
EIFY55  35 
BFy56  gs 
FIFY64  40 
BFygg  go 
Bliyag  50 
13SX20  30 
B5X29  45 
BSY26  35 
BSY95  35 
go106  180 
BU205  190 
B0206  200 
8U208  200 
MJ2955  90 
NuE340  54 
MJE371  100 
MJE2955  99 
MJE3055  70 
MPF102  40 
mpr103/4  30 
MPF105  30 
MPSA05  30 
MPSA06  25 
MPSA08  30 
MPSA12  32 
MPSA55  30 
MPSA56  30 
MPSA70  40 
MPSUO2  58 
MP5005  60 
MPSUO6  60 
MP5U52  65 
MPSU55  60 
MPSU56  60 
0C23  170 
0C28/36  220 
0C41/42  75 
0070  40 
0072  50 
0075/76  55 
0076  50 
0081/82  50 
0083/84  70 
11P294  32 
1'IP29C  38 
TIP30A  35 gi
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,  2N914/5  32 
2N918  40 
2N930  20 
2N1131/2  40 
2N1303/4/5 
2N1307  70 
2N1613  30 
2N16718  160 
2N2160  326 
2N22194/204/ 
21A/22A  25 
2N2369A  18 
2N2646  45 
2N2846  80 
2N29044105N 
064/074  26 
2N2926G  10 
2N3053  25 
2N3054  55 
2N3055  50 
2N3442  140 
2N3615  199 
2N3663  20 
2N3702/3  10 
2N37045  10 
2N3706/7  10 
2N3708/9  10 
2N3710  10 
2N3771  179 
2N3772  195 
2N3773  210 
2N3819  35 
2N3820  60 
2N382213  80 
2N3866  90 
2N3903/4  15 
2N3906/5  15 
2N4037  80 
2N4058  16 
2N4061/2  15 
2N4264  30 
2N4286  25 
2N4289  25 
2N4400  25 
2N4427  80 
2N4859  78 
2N5135  30 
2N5138  25 
2N5172  25 
2N5180  46 
2N5191  75 
2N5194  50 
2N5305  24 
2N5457  30 

2N5458/9  30 
2N5485  36 
2N5777  46 
2N6027  32 
2N6109  60 
2N6290  70 
2SA636  260  
254671  250 
254715  76 
2SC495/6  85 
2SC1061  250 
25C1096  85 
25C1162  45 
25C1172/3 125 
25C1306  100 
2SC1307  150 
25C1449  95 
25C1679  190 
25C1678  140 
25C1923  65 
2SC1945  225 
25C1953  90 
25C1957  90 
25C1969  165 
2SC2028  85 
25C2029  200 
2SC2078  170 
2SC2091  85 
25C2166  165 
28C2314  85 
2SC2335  200 
25C2465  125 
2SC2547  40 
25C2612  200 
250234  75 
25K45  90 
25K288  225 
25J83  225 
25J85  225 
3N128  115 
3N140  115 
40251  150 
40311  60 
40313  130 
40361/62  70 
40408  76 
40412  90 
40467  130 
40468  85 
40594  106 
40595  110 
40603  110 
40673  70 
40871/2  90 

POLYESTER RADIAL LEAD CAPACITORS: 250V; 10n, 20n, 15n, 22n, 27n 8p; 33n, 47n, 68n, 100n 8p; 1500, 
220n 10p; 330n, 470n 15p; 680n 199; 1p 23p; 1p5 40p; 2p2 46p. 

ELECTROLYTIC CAPACITORS (Values in pF). 500V: 105F 52p; 47 78p;  63V: 047, 1.0, 1-5, 22, 3-3, 8p; 4.7 
9p; 101 59; 15,22 12p; 33159; 47 12p; 68 16p; 1001 59; 22026p; 10007 59; 2200999; 50V: 6820p; 100 
17p; 220 24p;  40V: 6.8 15p; 22 13p; 33 12p; 330, 47032p; 100048p; 220090p;  28V:4-7,10,22.4789;100 
lip; 150 12p; 220 15p; 330 22p; 4702 59; 680, 100034p; 1500429; 220080p; 3300769; 470092p;  16V: 
25,40 8p; 47, 68, 100 9p; 125 12p; 220 13p; 330169; 47020p; 68034p; 100027p; 150031p; 2200369; 4700 
79p. 

TAG-END TYPE: 64V: 4700 245p; 3300 I45p; 2200 12 59; 
50V: 3300 155p; 2200 959;  40V: 4700 160p; 22007 59; 3300 
859; 4000, 4700 75p; 10,000 25 59; 15,00027 59;  181/: 2200 
200p;  25V: 4700 98p; 10,00032 59; 15,000 3415p. 

POTENTIOMETERS: Carbon Track, 
0-25W Log & Linear Values. 

500W, 1K & 2K (UN ONLY) Single  369 
5K0-2M0 single gang  359  

TANTALUM BEAD CAPACITORS: 
35V: 0.1p, 022, 033 15p 0.47, 068, 10, 1 5 16p 2-2, a 318p 4-7, 

5K0-2M0 single gang DIP switch  95p 
5K0-2M0 dual gang stereo  999  

6-8 22p 10289  16V: 2.2, 3.3, 169 47, 6-8, 10 1flp 153 89 22 
369 33, 47 50p 100 95p 220 100p  b y: 15, 22 26p 33, 47 
50p 100 76p. 

91-11)ER  P°TE r l°METERS  
0-25W log and linear values 60mm track  
51(0-500KC1 Single gang  909  

SILVER MICA (pf) 
2, 33, 4-7, 6-8, 8-2, 10, 12, 18, 
22,27,33, 39, 47,50, 56,68, 75, 
82,85, 100, 120,150, 180 15P. 

SIEMENS mulitlayer miniature 
capacitors. 
250V: lnE, 1n5, 2n2, 3n3, 947, 
6n8, 842, 101, 150, 22n 7p; 18n, 

PRESET POTEA MOS1ETERs 
0-1 W 500-2-2M Mini Vert. & Horiz.  Sp 
0-25W 2200-4M7 Vert. & Horiz.  12P 

BC177/8  16 
6C179/81  20 
BC181  30 
BC182/3  10 
6C184  10 
8C1821  10 
BC1831  10 
8C1841  10 
BC186/7  28 
8C212/3  12 
8C2121  10 
BC2131  12 
8C214  10 
BC2141  12 
8C237/8  15 
BC307B  15 

220, 250, 270, 330, 360, 390, 
470, 600, 800 & 820pF  21p. 

27n, 33n, 47n 89;  39n, 56n, 68n 
59,  100nF 11p. 

100n, 120n, 10p; 150n 11p; 
RESISTORS HI-etab, Miniature, 5% 
Carbon. 1000, 1200, 1800  30p each 

3300, 4700  659 each 
1005': 
2250 13p; 330n 18p; 4750 239; 
690n 30p; IMF 34p; 2M2 559. 

RANGE  Vol.  1-99 100+ 
0.25W  202 - 4-M7  £24  35  1p 

CERAMIC Capacitors: 50V 
Range I pF to 6800pF 4p; 10nE, 
15n, 33n, 47nF 59  100nF/30V 7p. 

POLYSTYRENE Caps: 
10pF to 11-1F  •  59 
1n5 to 12nF  10p 

0-5W  202 - 4-M7  E12  3p  1p 
1W  202- 10M  E12  6p  4p 
1% Metal Film 510-1ME24  Sp  Sp . 

RESISTORS S.I.L. Package: 7 Commoned, 1000, 4700, 6800, 1K 21(2, 41(7, 10K, 47K, 100K 24p. 
8 Commoned: (9 pins) 1500, 1800,2700. 3300, 3300, 1K, 2K2, 41(7 61(8, 10K, 22K, 47K, 100K 26p, 

LINEAR IC's SL924  00 
516270  170 
SN76033  350 
SN76488  525 
SN75489  00 
SP0256AL  625 
1A7120  140 
TA7130  125 
1A7204  150 
TA7205  90 
TA7222  150 
TA7310  00 
145900  395 
TAA661  190 
1 45700  276 
TAD100  159 
TBA1205  70 
18A540  275 
11345500  no 
1B43641  290 
1843651  190 
TBA800  go 
TBA810S  95 
1843820  80 
TE3439200  200 
TBA990  350 
TCA270  350 
TC4280A  220 
TCA940  175 
TCA950  oo 
1CA965  180 
TDA1008  310 
TDA1010  235 
T0A1022  499 
T0A1024  115 
T0A1034  350 
T0431054  00 
10A1490  350 
10432002  325 
TDA2003  250 
TDA2004  270 
TDA2006  320 
TDA2020  320 
TDA2030  190 
1080791  420 
TL061CP  40 
TL062CP  65 
TL064CN  95 
TL071CP  40 
TL072CP  75 
TL074CN  130 
TL081CP  35 
TL082CP  55 
TL083CP  75 
TL084CP  110 
TL091CP  60 
TL170  50 
TL430C  90 
1L497A  500 
1L507  110 
1L509  110 
042240  120 
11A78540  230 
0 45170  180 
04A180  um 
01N2003  90 
ULN2004  90 
0LN2283  150 
01N2803  190 
0PC556  00 
0PC575  275 
0PC1025H  375 
UPC1156H  295 
0PC1181  00 
0PC1182  425 
UPC1366  195 
XR2206  375 
XR2207  400 
X92211  575 
XR2216  675 
XR2266  360 
ZN414  50 
ZN423E  130 
ZN424E  130 
ZN425E-8  345 
ZN426E-8  200 
ZN427E-8  600 
ZN428E  450 
ZN429E-8  240 
294459  245 

ZN1034E  200 
ZN1040E  685 
ZNA234E  925 

8216  150 
8224  £3 
8226  £3 
8228  310 
8243  290 
EN  fl 1 

350 
8253  370 
8255  400 
8256A  f16 
825743  400 
8259  400 
8271  eso 
8272  £15 
8279  750 
8282  450 
8283  450 
8284  550 
Batg  f11 
8748  £45 
87264  99 
8727  150 
8731  360 
8T95N  90 
8197N  90 
936443P  550 
9602  220 
AM26LS31C  125 
AM261532A  12 5 
AM261533  150 
43M7910  f30 
AY-3-1015  300 
AY-5-1013  300 
AY-5-1350  388 
AY-5-3600  750 
C04724  150 
C0M8017  275 
C0M8116  700 
DM8131  275 
DP8303  450 
DP8304BN  350 
053647  00 
D53591N  £5 
D.581120  110 
0S8830  140 
058831  125 
D88832  200 
058815120  395  
E9364 500  
E9365  f28 
F01691  £15 
F01771  f15 
F01791  £22 
F1)1793  £23 
FD1795  £28 
F01797  £28 
HD26501  75 
HM6845  755 
1M6402  350 
INS8060N  1250 
M58174  525 
MC1488  100 
MC1489  100 
MC14411  676 
MC14412  725 
MC3242  590 
M03446  250 
MC3447P  315 
MC3486  175 
mc,3487  176 
MK3886-2M  £7 
MM52800  695 
MM5303  635 
MM5307  1275 
MM538743  865 
MM58174  875 
50-3-25131  700  
RO-3-25130  850 
SAA5050  875 
8FF96364E  800 
8P0256412  495 
TCM3101J  f13 
T5452716-3  726 
TMS4047  100 
1M84164-15  396  
TM54416-2  595 
TM545004  E12 
1M54532-3  350 
TMS5100  600 
1m56011  500 

1M59914  895 
1MS9927  £14 
TM59928  En 
TMS9929  f16 
TMS9980  £12 
TMS9995  £12 
ULN2003  75 
UPD7002  725 
UPD7007  725 
5601691  £14 
WD1770  £19.95 
WD2143  850 
280CPU 2-5  295 
Z8OACPU4M  380 
280ACTC  310 
2808  £8 
Z800ART  650 
280ADART  800 
Z8OADMA  900 
2800MA  795 
280P10  250 
2804P10  315 
Z80510-1  850 
280A510  900 
280A510-2  £9 
28002CPU  00 

74S 
74500  40  

40  
74502  40  
74503  
74504  40 
74505  40 
74508  40 
74509  40 
74510  4, 
74511  40 
74515  60 
74520  40 
74530  60 
74522  40 
74530  40 
74532  50 
74537  50 
74S38  70  
74540  40 
74551  40  
74564  40  
74565  40  
74574  70 
74585  295 
74586  100 
745112  150 
745113  120 
745114  120 
745124  300 
74 5132 90  
745133  50 
745134  60 
745135  110 
745138  170 
745139  170 
745140  60 
745151  140 
745153  140 
745157  200 
745158  190 
745162  300 
745163  300 
745168  300 
745169  300 
745174  250 
745175  300 
745181  El 1 
745182  250 
745188  200 
745189  225  
745194  280 
745195  275 
745196  350 
745197  300 
745201  250 
745225  500 
745226  500 
745240  375  
745241  376 
745244  474 
745251  225 
745257  225 
745258  225 

745260  70 
745262 £10 
74S274  00 
745275  00 
745280  00 
745281  00 
745283  00 
745287 200 
745288 180 
745289 200 
745299 540 
746301 350 
745365 250 
745373 375 
745374 375 
745412 380 
745470 325 
745471 600 
745472 400 
745473  00 
745474 400 
745475 425 
745571 300 
74S573 450 

75 
75107,8/9 % 
75110  .„ 4.„ 
75121  00 
75154  125  
75154  195  
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7518213  .4  
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75451/2  52  
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7453  30 
7454  30 
7460  30 
7470  50 
7472  50 
7473  50 
7474  45 
7475  55 
7476  45 
7480  60 
7481  176 
7482  100 
7483  100 
7484  105 
7485  100 
7486  40 
7489  200 
7490  65 
7491  70 
7492  110 
7493  50 
7494  100 
7495  60 
7496  75 
7497  200 
74100  175 
74104  70 
74105  70 
 74107  45 
74109  70 
74110  55 
74111  56 
74112  170 
74116  160 
74118  100 
74119  160  

74120  90 
74121  45 
74122  65 
74123  75 
74125  60 
74126  60 
74128  os 
74132  70 
74135  50  
74141  85 
74142  238 

74196  120 
74197  100 
74198. 200 
74199  200 
74221  200 
74246  130 
74247  120 
74248  145 
74249  176 
74251  90 
74259  150 
74265  260 
74273  180 
74276  130 
74278  160 
74279  BO 
74283  100 
74284  440 
74285  300 
74290  80 
74293  80 
74297  176 
74298  160 
74351  180 
74365  70 
74366  70 
74367  70 
74368  70 
74376  120 
74390  100 
74393  100 
74425  60 
74426  60 
74490  100 

L583  70 
L585  70 
L586  35 
LS90  50 
LS91  90 
1892  55 
LS93  55 
LS95  70 
1596  90 
LS107  40 
LS109  45 
1S112  45 
1S113  40 
L5114  40 
15122  70 
1S123  100 
1S124  125 
15125  100 
1S126  50 
1S132  60 
1S133  50 
1S135  28 
1S136  45 
1S138  60 
1S139  60 
1S145  95 
1S147  165 
L5148  130 
15151  70 
LS153  70 
1S154  155 
1S155  70 
LS156  70 
L5157  80 
1S158  60 
15160  70 
LS161  70 
LS162  70 
LS163  70 
LS164  75 
LS165  110 
L5166  150 
L5168  140 
LS169  100 
LS170  140 
LS173  100 
18174  75 
LS175  70 
15181  190 
LS183  190 
L5190  85 
1S191  85. 
LS192  100 
1S193  100 
15194  75 
15195  75 
L5196  85 
15197  85 
1_5221  85 
1.5240  80 
15241  80 
15242  95 
LS243  95 
1.8244  80 
15245  120 
15247  105 
1,5248  105 
6.S249  105 
1S261  75 
15253  76 
1S256  120 
15257  75 
15258  75 
LS259  125 
LS260  70 

61  100 402201 LS2206  60 
Ls 
LS273  120 
LS275  350 
LS279  70 
1S280  180 
15283  80 
L5290  80 
L5293  80 
1S294  999 
15295  140 
18297  850 

100 
18299  225 
LS320  210 

LS322  360 
LS323  400 
LS324  150 
LS325  150 
1S326  290 
1S327 290 
LS347  120 
L8348  140 
L5352  110 
LS353  110 
LS355  220 
L5356  200 
LS363  150 
L8364  150 
LS365  50 
1S366  50 
1S367  50 
LS368  50 
LS373  100 
LS374  100 
1S375  70 
15377  130 
1S378  95 
1S379  130 
L5380  310 
LS382  310 
LS384  480 
LS385  330 
LS386  50 
LS390  60 
LS393  100 
LS395  110 
L5396  300 
LS398  195 
LS399  140 
18445  125 
LS447  80 
LS465  140 
LS467  120 
LS490  150 
LS540  140 
LS541  140 
LS624  155 
LS629  130 
LS640  200 
1S641  150 
LS645  195 
15668  90 
LS669  90 
1S670  170 
1S673  890 
1S674  800 
1S682  250 
LS6/34  350 
LS687  350 
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4519  35 
4520  55 
4521  115 
4522  125 
4526  60 
4527  65  
4528  70  
4529  145 
4530  90 
4531  120 
4532  65 
4534  365 
4536  250 
4538  80 
4539  80 
4541  95 
4543  70 
4544  150 
4549  400 
4553  245 
4554  180 
4555  35 
4556  55 
4557  250 
4558  120 
4559  395 
4560  150 
4561  104 
4562  350 
4566  160 
4568  250 
4569  175 
4572  45 
4580  255 
4581  125 
4582  99 
4583  100 
4584  5 5 
4585  55 
4599  1 55 
40097  45 
40098  42 
40100  215 
40101  130 
40102  140 
40103  412 
40104  120 
40105  220 
40106  60 
40107  55 
40108  325 
40109  100 
40110  235 
40114  240 
40161  194 
40163  75 
40174  75 
40175  75 
40181  220 
40192  75 
40193  95 
40194  90 
40195  80 
40244  195 
40245  195 
40257  198 
40373  220 
40374  220 

JUST 
PHONE 
YOUR 
ORDER, 
WE DO 

THE REST. 
0923 
50234 

555 CMOS  95 
702  76 
709C 8 pin  35 
710  48 
741  16 
747C 14 pin  70 
748C 8 pin  30 
753 8 pin  185 
810  159 
94 06C..1  375 
ADC0808  f10 
AY-1-1320  225 
AY-1-5050  99 
AY-1-6720  210 
AY-3-8910  390 
AY-3-8912  500 
AY-5-131743 630 
CA3011  130 
CA3012  175 
CA3014  275 
C43018  86 
CA3019  90 
CA3020  210 
CA3023  210 
CA3028A  110 
C433035  255 
CA3036  270 
CA3043  275 
C433045  365 
C43045  70 
CA3059  325 
C433075  213 
CA3080E  70 
CA3081  190 
C433085  160 
C433086  60 
CA3089E  200 
CA3090A0  375 
C433123  165 
C433130  90 
CA3140  45 
CA3160.  90 
C433161E  180 
C433162  525 
CA3189  275 
C433240  110 
HA1366  175 
HA1388  235 
C17106  875 
C17107  975 
CL7611  99 
CL7660  248 
CL8038CC  345 
CL8211  225 
CM7205  1 150 
CM7215  1050 
CM721643  £22 
CM7217A  £11 
CM7224  El 1 
CM7240  300 
ICM7555  105 
CM7556  150 
1433350  250 
1A4031P  340 
1434032  295 
1A4400  350 
1A4422  320 
LC7120  300 
LC7130  320 
LC7137  350 
1F347  150 
1E351  60 
LF353  90 
1F355  90 
1E356  90 
1E357  100 
1E398  495 
1M10  325 
LM3014  30 
LM307  45 
LM308  75 
1M311  60 
1M318  150 
LM319  180 
1M324  45 
LM334Z  160 
LM3352  136 
LM337  278 

1M339  40 
1M348  80 
1M349  125 
LM358  50 
1M377  210 
1M379  495 
LM380  115 
LM381N  175 
LM382  200 
LM384  225 
LM386  90 
LM387  200 
LM389  150 
LM393  85 
LM394CH  380 
LM558  170 
LM725CN  300 
LM733  65 
L M 1871  300 
LM1889  400 
LM2907  395 
LM3900  70 
LM3909  85 
LM3911  185 
LM3914  300 
LM3915  345 
1M3916  300 
LM13600  150 
1S7220  280 
M515131  230 
M515151  320 
M515161  475 
MB3712  200 
MB3756  440 
MC1204  250 
MC1301  90 
MC1303  98 
MC1304P  260 
MC1310P  150 
MC1445  250 
MC1455  so 
MC1458  35 
MC1469  300 
MC1494 • 694 
MC1495  350 
MC14961  70 
MC1596  225 
MC1648  290 
MC3302  75 
MC3401  50 
MC3403  95 
MC3404  85 
MC3405  150 
MC3442  00 
MC3423P  80 
MC3487  00 
MC4016  00 
MF10  300 
MFC6040  75 
ML924  275 
NE515  275 
NE529  225 
NE531  140 
NE543  225 
NE544  200 
NE555  25 
NE55608  65 
NE558  170 
NE560  350 
NE5628  410 
NE564  420 
NE565A  120 
NE566  166 
NE567  140 
NE570  410 
NE571  400 
NE5532  150 
NE5534  160 
0M335  650 
RC41360  60 
RC4558  55 
55666  225 
SA83209  425 
5A83210  325 
5A83271  486 
5464209  595 
5G3402  295 
51490  350 

.... 
COMPUTER 

IC's 
2102L  5193  
2114  275 
2147-3  £3 
2516  350  
25 32-4  400  
25132  450 
2564  £6 
27108  450 
2716-5V  350 
2732  £4 
2764-250  425 
27C64  £10 
26501  75  
22126 /250 n  575 
256K DRAM  £25 
3242  075  
4027  95  
4116  140  
4154-150  425  
4416-2  425  
4532-3  250  
4816-10 Ons  200  
4864-15  425  
5514  250 
6116-150  325  
61161-12Ons  350 
6117-100n 
6167-6  795  
62641-15  090  
63403  £14 
6402  350 
64641-15  £11 
6502 CPU  325  
6502 A  545  
8503  650    
6504  GOO 
6505  650  
6520  175  
6522  VIA  340  
6530  RRIOT  £11  
6532 RIOT  650 
6545 CRTC  899 
6551 ACIA  650 
6592  00  
6800  220 
6802  225  
8803  050 
6805  670  
6808  620  
8800 E  680  
6810  150 
68621  220 
6821  15 0 
5840  375  
6843  800  
6845  650  
6845 S8 750  
6848  625 
6847  650 
6850  120 
6852  250 
5854  625  
68854  250  
6875  500 
68000  £25  
8035  350  
8080 A  400  
8085 A  500  
8088  £15  
81LS95  140  
81LS96  170 
811597/98  140 
8123  160  
81 31 475 
8150  1300 
8154  750  
8155  400 
8156  000  
8202  £25  
8212  220  
0214  496 

,,,,,„. 
F.4.1-• 

244  700  
,...C.,,,  .... 
c-3-55  1.8-5 
C374  425  
C9C9 2232 66:: 

C925 

74LS 
LSCO  26 
1501  26 
L502  26 
1503  25  
LSO4 25  
1805  25  
LSO8  25 
LS09  25 

LS10  25 
1811  25 
1812  25 
I-S13  35  
1514  50  
LSIS  25  
1819  05  
1-520  25 
1821  26 
1S22  25 
1S24  50  
1526  25 
1827  25  
1S28  25 
LS30  25  
1832  50  
1533  25 
1837  25  
LS38  25 

2 5 LLS4402 50 
s 
1-047  80  
LS48  90 
1549  100  
1-S81  25  
1852  26 
1554  25 
1555  25  
1-S63  Ed 
1873  30  
1874  35  
1575  45 15298 
1576  40  
1578  40 

rn_ 74 
7400  25 
7401  25 
7402  25 
7403  25 
7404  30 
7405  30 
7406  40 
7407  40  
7408  25 
7409  25 
7410  25 
7411  25 
7412  25 
7413  50 
7414  60 
7416  25 
7417  35 
7420  25 
7421  50 
7422  40 
7423  35 
7425  35 
7426  40 
7427  35 
7428  35 
7430  25 
7432  30 
7433  30  
7437  30 
7438  40 
7440  30 
7441  90 
7442  66 
7443  100 
7444  100 
7445  110  
7446  110 
7447  95 
7448  110 
7450  30 
7451  30 

74143  250 
74144  250 
74145  100 
74147  160 
74148  130 
74150  170 
74151  60 
74153  70 
74154  130 
74155  75  
74156  90 
74157  76 
74159  170 
74160  100 
74161  100 
74162  100 
74163  100 
74164  100 
74165  100 
74166  130 
74167  250 
74170  190 
74172  400 
74173  130 
74174  100 
74175  100 
74176  100 
74177  110 
74178  130 

74179  130  
74180  100 
74181  300 
74182  120 
74184  170 
74185  170 
74186  70 
741138  76 
74190  120 
74191  120 
74192  120 
74193  120 
74194  100 
74195  75 

C  44 M  O S 

4000  20 
4001  25 
4002  25 
4006  70 
4007  25 
4008  60 
4009  45 
4010  40 
4011  25 
4012  25 
4013  35 
4014  60 
4015  60 
4016  40 
4017  55 
4018  60 
4019  60 

40  50 80 

4022  70 
4023  30 
4024  50 
4025  25 
4026  90 
4027  45 
4028  45 
4029  75 
4030  35 
4031  130 
4032  65 
4033  130 
4034  140 



SPEAKERS 
80, 0.3W, 2"; 2-25", 2.5", 

03W, 25" 400; 640 or 
800 

80p 

80p 

DIODES 
AA119 
AA129  1 
AAY30 
BA100  1 
85100  1 
B5126  1 
BY127  1 
CR033  19 
0A9  1 
0A47 
0A70 
0A79  1 
0A81  1 
0A85  1 
0A90 
0A91 
0A95 
0A200 
0A202 
1N914 
1N916 
1N4001/2 
154003 
154004/5 
1N4006/7 
1N4148 
1N5401  1 
1N5404  1 
1N5406  1 
1N5408  1 
1544 
15921 
6A/100V  40 
6A/400V  50 
6A/800V  65 

BRIDGE 
RECTIFIERS 
(plastic case) 

18 
1A(100V  20 
1AJ400V  25 
1A/600V  30 
2A/50V  26 
2A/200V  40 
2A/400V  42 
2A/600V  50 
6A/100V  83 
6N400V  95 
64/600V  125 
104/200V 215 
10A/600V 298 
25A/200V 240 
254/600V 395 
BY 164  56 

ZENERS 
Range: 2W to 
39V 400m W 

8p each 

Range: 3V3 to 
33V. 1-3W 

15p each 

OPTO 
LEDS price includes Clips 
TIL209 Red 3mrn 
1I1,211 Green 3rnrn 
1I1,212 Yellow 
TIL220 .2" Red 

Yel, Grn, Amber 
Rectangular LEDs with 
two part clip. R, G & 
Rectangl. Stackable 
LEDS 
Triangular LEDs R&G 
0-2" Flashing LED Red 
0-2" Bi colour LEDs 
Red/Green 
Green/Yellow 
0-2" Tri colour LEDs 
Red/Green/Yellow 
0-2" Red High Bright 
High Bright Green or 
Yellow 
LD271 Infra Red (emit) 
TIL32 Infra Red (emit) 
SFH205 (detector) 
TIL78 (detector) 
TIL38 
TIL81  82; TIL100 

14 
14 
12 
14 

45 

1: 
56 

100 
ao 
85 
59 

100 
46 
52 
118 
55 
50 
90 

VARICAPS 
BA102  30 
BB105B  40 
08106  40 

7 Segment Displays 
1IL321 .5" C.An  140 
1IL322 -5" C.th  140 
DL704 3" C.Cth  125 
0L707 -3" C.Anod  125 
F5D357 or 500  130 
3" Green C.A.  140 
+1 .3' Red or Green  150 
Bargraph 10 seg. Red  275 
Bargraph 5SM3914  500 

0.5" LCD 
DISPLAYS 
31/2 digit  495 
4 digit  530 
6 digit  625 

OPTO 
BPX25  250 
BPW21  320 
BPX65  320 
11,074  145 
ILQ74  275 
ILCT6 Darlington 
Isolator  135 
TIL111  70 
OCP71  120 
ORP12  78 
2N5777  50 
4N33  135 
Pin diode  720 
Schmitt 
Receiver  715 

OPTO 
SWITCH 
Reflective 
TIL139  225 
Slotted similar 
to AS  186 

VOLTAGE REGULATORS 
1A  T0220 Plastic Casing 

+ve  •  -ve 
5V  7805  45p  7905 
12V  7812  45p  7908 
15V  7815  45p  7912 
18V  7818  45p  7915 
24V  7824  45p  7918 
100mA T092 Plastic Casing 
5V  78L05  30p  79L05 
6V  78L62  301, 
8V  781.82  30p 
12V  78L12  30p  79L12 
15V  781,15  30p  79L15 

ICL7660 
78H05 5V/5A 
78H12 12V/5A 
78H0+5 to 
+24V 55 
79HG -2.25V to 
-24V 5A 
LM309K 

248 LM317K 
550 LM317P 
640 LM323K 

LM3377 
599 LM723 

TBA62513 
885 RC4194 
120 RC4195 

78540 

55p 
55p 
55p 
55p 
55p 

50p 

5- 0p 
509 

250 
99 
500 
175 
30 
75 
375 
160 
225 

DIL 
SOCKETS 

Low  Wire 
profile  wrap 

8 pin  8p  25p 
14 pin  10p  35p 
16 pin  10p  42p 
18 pin  I6p  52p 
20 pin  20p  60p 
22 pin  22p  65p 
24 pin  25p  70p 
28 pin  28p  80p 
40 pin  30p  99p 

ZIF SOCKET 
(TEXTOOL) 
24 way 
28 way 
40 way 

575p 
695p 
845p 

SPECTRUM 
32K UPGRADE 

Upgrade your 16K Spectrum to full 
48K with our RAM Upgrade Kit. Very 
simple to fit. Fitting instructions 
supplied.  ONLY £22 

SCR's 
Thyristors 
0 8A 100V  32 
5A/300V  38 
5A/400V  40 
5N600V  48 
8A/300V  60 
8A/600V  95 
124/100V  78 
124/400V  95 
12A/800V  188 
BT106  150 
BT116  180 
C106D  38 
TIC44  24 
TIC45  29 
TIC47  35 
255064  38 
2N4444  130 

TRIACS 
3A/100V 
3N400V 
3N800V 
8N100V 
8A/400V 
8N800V 
12A/100V 
12N400V 
12N800V 
16A/100V 
16A/400V 
16A/800V 
25A/400V 
25A/800V 
25A/1000V 

30A/400V 
128500 

48 
56 
85 
60 
69 
115 
78 
82 
135 
103 
105 
220 
185 
295 

480 
525 
125 

DIAC 
ST2  25 

SOLDERCON 
PINS 

100  45p 
500  370p 

FERRIC CHLORIDE 

Crystals 1Ib 

195p -i- 50p p&p 

DALO ETCH RESIST 

Pen plus spare tip  100p 

ALUM-BOXES 
4021/2 02"  100 
40 23/4 x 21/2 '103 
40 40 21/2 " 120 
50402"  105 
50235v1 ½' 90 
6023/4x2 1/2"130 
5x4x 11/2 "  99 
504021/2 ' 120 
60402"  120 
6x4x3"  150 
7x5x3"  180 
8x6x3"  210 
10041/403' 240 
1007x3'  275 
120503'  260 
1208x3"  295 

SWITCHES 
SLIDE 250V  TOGGLE 2A 250V 
1A DPDT  14  SPST  35 
1A DPEIT CJOFF  15  DPDT  48 
1/2A DP orVon/on 40  4 pole on off  54 

SUB-MIN 
TOGGLE 2 amp 
SP changeover  64 
SPST on off  58 
SPDT c/off  85 
SPDT Biased  105 
DPDT 6 tags  80 

MINIATURE  DPDT GOFF  88 
Non Locking  DPDT on/on/on 185 
Push to make  15p  DPDT Biased  145 
Push break  25p  4-pole 2 way  220 
ROTARY: (Adjustable Stop Type) 
1 pole/2 to 12 way, 2p/2 to 6 way, 3 pole/ 
2 to 4 way, 4 pole/2 to 3 way  48p 

PUSH BUTTON 
Spring loaded 
Latching or 
Momentary 6A 
SPDT clover  150 
°PDT c/over  200 

DIL PLUGS (Headers) 
Pins  Solder  IDC 
14  38p  95p 
16  42p  100p 
24  88p  138p 
28  185p  290p 
40  195p  218p 

RIBBON CABLE 
(price per foot) 

Ways  Grey  Colour 
10  15p  25p 
16  20p  30p 
20  25p  40p 
26  .40p  65p 
34  50p  80p 
40  60p  90p 
64  90p  I25p 

IDC CONNECTORS (Speed block type) 

2 rows 

10 way 
16 way 
20 way 
26 way 
34 way 
40 way 
50 way 

PCB Male 
with latch 
Strt.  Angle 
Pins  Pins 
90p  99p 
130p  150p 
I45p  166p 
175p  200p 
205p  236p 
220p  250p 
235p  270p 

Female 
Header 
Socket 

85p 
110p 
125p 
150p 
169p 
190p 
200p 

Female 
Card-Edge 
Connector 

120p 
195p 
240p 
320p 
340p 
420p 
470p 

SPECIAL OFFER 
2164- 250ns 
27128- 250ns 
6116LP - 150ns 
62641P- 150ns 

1 
425 
875 
325 
895 

10 
415 
865 
313 
885 

COPPER CLAD BOARDS 
Fibre  Single-
Glass  sided 

100p 
6"x12"  175p 

Double. 
sided 
125p 
225p 

ROTARY: Mains 250V AC, 4 Amp  68p 

DIP SWITCHES: (SPST) 4 way 65p; 
6 way 80p; 8 way 87p; 10 way 100p; 
(SPDT) 4 way 190p. 

VEROBOARD 
Clad  Plain 

21/2x33/4" 95p  - 
21/2 05"  110p  - 
33/4 s 33/4"110p  - 
33/4 x 5"  125p  95p 
33/4017" 420p  275p 
43/4018" 590p  - 
Pkt. 0) 100 pins  55p 
Spot Face Cutter 1501, 
Pin Insertion Too1185p 

VG Board  180p 
DIP Board  395p 
Vero strip  95p 

PROTO-DECs 
Veroblock  480 
S-Dec  395 
Eurobreadboard 590 
Bimboard 1  695 
Superstrip SS2 £13 

AMPHENOL PLUGS 
IOC 

24 way IEEE  465p 
36 way Centronik  450p 
24 way Female  480p 
36 way Centronic Female 470p 

Solder 
460p 
475p 
450p 
500p 

'D' CONNECTORS: 
Pins  9  15  25  37 

way  way  way  way 

MALE 
Solder  55p  80p  120p  150p 
Angle  110p  175p  225p  300p 
Strait  100p  100p  160p  250p 

FEMALE 
Solder  90p  125p  180p  275p 
Angle  150p  200p  260p  390p 
Strait  100p  125p  195p  355p 

COVERS 75p  70p  70p  85p 
IDC 25 way Pig. 385p, Skt. 450p 

TRANSFORMERS (mains Prim. 220-240V1 
3-0-3V, 60-6V 100mA 130; 9.0-9V 75mA; 
12.0-12V 75mA; 75.0-15V 75mA.  130p 
6VA: 2x6V-5A; 2x9V-4A; 2x 12V-0. 3A; 
2x 15V-25A  250p 
12VA: 204V5-1' 3A; 2 x 6V-1. 2A; 20 12V-5A; 
2x 15V-4A  345p (35p p&p) 
24VA: 6V-15A 6V-1.5A; 9V.1' 2A 9V-12A; 
12V-1A 12V-1A; 15-8A 15-8A: 20V-6A 
20V-6A  385 (60p p&p) 
50VA: 2 x 6V-4A; 2 x 9V-2. 5A; 2 x 12V-2A; 2x 15V. 
1.5A; 2-20V-1-2A; 2 x25V-2A; 2 x30V-0. 8A 

520 P (60 P P&P) 
100VA: 2x12V-4A; 2x15V-3A; 2020V-2.5A; 
2 x 30V-1 5A; 2x 40V-1. 25A; 20 50V-I A 

965p I60p p&p) 

ASTEC UHF MODULATORS 
6MHz Standard 
8MHz Wideband 

375p 
5501, 

VERO WIRING PEN and Spool  3801, 
Spare Wire (Spool) 75p;  CoMbs 8p ea. 
Wire Wrapping Stakes 100  250p 

A MEX Soldering Irons 
C15W  525p  C517W  54Sp 
Gl8W  550p  X525W  570p 

SIL 
Sockets 
0,1 
20 way 
65p 
32 way 
95p 

EDGE CONNECTORS 

2018 way 
2022 way 
2 x 23 way 
2v25 way 
2028 way 
2035 way 
2 x 36 way 
• 2o40 way 
2e43 way 
2 075 way 

210p 
215p 
175p 
285p 
190p 
310p 
360p 
380p 
450p 
650p 

TURNED PIN Low Profile Professional 
OIL SOCKET 
8 pin  25p  22 pin 
14 pin  40p  24 pin 
16 pin  42p  28 pin 
18 pin  47p  40 pin 
20 pin  60p 

70p 
72p 
90p 
120p 

JUMPER LEADS 
IDC FEMALE RECEPTACLE Jumper Leads 36" 

20pin  26pi0  34pin  40pin 
1 end  160p  200p  260p  3009 
2 ends  290p  370p  480p  525p 

COMPUTER CORNER 
• EPSON RX80 Printer   £209 

• EPSON RX80 Fa Printer   £219 

• EPSON FX80 Printer   £316 

• EPSON FX100 Printer   £429 

• KAGA/TAXAN KP810 Printer   £252 

• KAGA/TAXAN KP910 Printer   £332 

• BROTHER HR15 Daisywheel Printer   £329 

• Centronics PRINTER CABLE for all the above 
printers to interface with the BBC Micro  £7 

• ZENITH 12" Hi-RES, Green Monitor 40/80 
column select switch, value for money.  £66 

• MICROVITEC 14" colour monitor. RGB input. 
Lead incl.  £165 

r' 

• MICROVITEC 1451 Hi-res 14" Monitor incl. 
Lead  £237 

• KAGA 12" MED-res  £225 

• KAGA 12" Hi-res  £310 

• TEX EPROM ERASER. Erases up to 32 ICs in 
15-30 min.  £30 

• Spare 'UV lamp bulbs  £8 

• 13,/2" or 91/2" Fan fold paper (1000 sheets) £7 (150p) 

MANY MORE PRINTERS, MONITORS, INTERFACES, 
AVAILABLE. CALL IN AT OUR SHOP FOR DEMON-
STRATION OR WRITE IN FOR OUR DESCRIPTIVE 

LEAFLET. 

(P&P on some of the above items is extra) 
Call in at our shop for demonstration of any of the 
above items. Be satisfied before you buy. 

Plastic Library 
DISC STORAGE 

CASES 
Holds ten 51/4" Diskettes £1.80 

DISC ALBUMS 
Attractively finished in beige 
leather-vinyl, these convenient-
ly store up to 20 discs. Each disc 
can easily be seen through the 
clear view pockets. 

ONLY £4.25 

51/4" Disc Drive 

HEAD CLEANING KIT 

£9 

BBC MICRO 
WORD PROCESSING 

PACKAGE 

A complete word process-
ing package (which can be 
heavily modified to your re-
quirements,  maintaining 
large discount). We supply 
everything you need to get 
a BBC Micro running as a 
word-processor. Please call 
in for a demonstration. 

Example Package: 
BBC Micro, with DFS Inter-
face, Wordwise, Twin 400K 
TEC Disc Drives, 12" High-
res green monitor, Brother 
HR15 Daisywheel printer, 
Beebcalc & Database soft-
ware on Disc, 10 3M Discs, 
500 sheets of paper, 4 way 
mains trailing socket, man-
uals and all cables. 
Only: £1,089 

CRYSTALS 
32-768KHz  100 
100KHz  575 
200KHz  310 
455KHz  370 
1MHz  275 
1 008M  275 
1.28MHz  450 
1-5MHz  420 
1.6MHz  595 
1-8MHz  545 
1-8432M  250 
2.0MHz  225 
24576M  200 
2.5MHz  225 
2.56250M  220 
3-2768M  150 
3.57954M  98 
3.6864M  300 
4.0MHz  150 
4.032MHz  290 
4-194304M  200 
4433619M  100 
4-608MHz  200 
4.80MHz  200 
5.0MHz  160 
5.185MHz  300 
5.24288M  390 
6-0MHz  140 
6.144MHz  150 
6-5536MHz  200 
7-0MHz  150 
7-168MHz  250 
7-68MHz  200 
8-0MHz  150 
8-08333M  395 
8-867237M  175 
9.00MHz  200 
9.375MHz  350 
100MHz  175 
10.5MHz  250 
10-7MHz  150 
10-24MHz  200 
12.0MHz  175 
12.528MHz  300 
14.31818M  170 
14.7456M  175 
14.765MHz  250 
15.0MHz  240 
16.0MHz  220 
18-0MHz  180 
18-432M  150 
19.968MHz  150 
20.0MHz  260 
24.0MHz  170 
24.930MHz  325 
29.695MHz  150 
26670MHz  325 
27-125MHz  295 
27-145M  190 
27-648MHz  300 
38.66667M  240 
480MHz  240 
55.5MHz  400 
100MHz  295 
116-0MHz  300 
145.8MHz  225 

BBC MICROCOMPUTER 

SPECIAL OFFER THIS MONTH  ONLY £299 
We stock the full range of BBC Micro peripherals, Hard-
ware & Software like, Disc Drives (Top quality Cumana & 
Mitsubishi), Diskettes, Printers, Printer Paper, Interface 
Cable, Dust Covers, Cassette Recorder & Cassettes, Mon-
itors, Connectors (Ready made Cables, Plugs & Sockets), 
Plotter (Graphic Tablet) EPROM Programmer, Lightpen 
Kit, Joysticks, Sideways ROM Board, EPROM Eraser, 
Machinecode ROM, The highly sophisticated Watford's 
16K BEEB DFS, WORDWISE, BEEBCALC, Software (Edu-
cational Application & Games), BOOKS, etc. etc. Please 
send SAE for our descriptive leaflet. 

DRIVES CASED WITH PSU & CABLES 
• CS100 - TEC Single sided 40 track 100K 51/4" 
Single Disc Drive  £119 

• CS200 - Epson Double sided 40 track 200K 
51/4" Single Disc Drive  £139 

• CS400S - MITSUBISHI Double sided 80 
track 400K 51/4" Single Disc Drive  £149 

• C0400 - EPSON Double sided 40 track 400K 
51/4"TVVIN Disc Drives  £215 

• CD800S - MITSUBISHI Double sided 80 
track 800K 51/4" TVVIN Disc Drives  £295 

• DFS Manual (comprehensive)  £7 (NO VAT) 

• TWIN Disc Drive CASE with Power Supply to 
house your own Drives  £38 

N.B. All single drives with power supply with be 
supplied in a twin Case for later inclusion of a 
second Drive. 

(Carriage on disc drives  Securicor) 

WATFORD ELECTRONICS 
Tel. (0923) 40588  Telex. 8956095 
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:  FIND YOUK W AY 
iTHROUGH THE DIGITALi 
: ELECTRONICS MAZE : 

•  •  First there w as 

▪ SUPERKIT 
and no w 

• 
• 

iSUPERKIT II 
This practical self-instruction kit has been developed to extend the 

• original beginners' SUPERKIT. SUPERKIT II includes an instruction 
• manual and many more components, enabling you to design and use 
• adders, subtractors, counters (ripple, up/down, synchronous, decade 

• and Gray code), registers, pattern recognisers and 7-segment displays. 

You need the board and components from SUPERKIT to enable you to 

• build the circuits in SUPERKIT II. Together the two kits provide an 

• excellent introduction to digital electronics - what really goes on 

• inside a computer. 

• SUPERKIT (SUP) £22.00  SUPERKIT II (SUP II) £16.00 

Special price £35.00 for both (SUP + II) (inc. VAT and p  p) 

• The SUPERKIT series is backed by our theory courses, DIGITAL 

• COMPUTER LOGIC (beginners' course), which covers the design of 

logical circuits, and DIGITAL COMPUTER DESIGN (more advanced), 

which covers the design of digital computers. MICROPROCESSORS 

AND MICROELECTRONICS teaches you what a microprocessor is 

• 
• 
• 

• 
• 

• 
• 
• 

and what it can do. 

DIGITAL CO MPUTER LOGIC (DCL) £7.00 

DIGITAL CO MPUTER DESIGN (DCD) £9.50 

MICROPROCESSORS AND MICROELECTRONICS (MIC) £6.50 
• • • • • • • • • • • OO OOOO O • • • • • • • • • • • • • • • • 
Please send for full information on these and our other courses. 
GUARANTEE If you are not completely satisfied, return the dern to us within 28 days for a full  • 

refund. All pnces include worldwide surface postage (ask for prepayment invoice for airmail).  • 

Allow 28 days for delivery in UK. Overseas payment by international credit card or by bank draft  • 
• 

drawn on a London bank 

CAMBRIDGE LEARNING LTD, Unit 21, Rivermill Site, 

FREEPOST, St Ives, Cambs PE17 4BR, England. 

Tel: 0480-67446 

• 
• 
• 
• 
• 
• 

VAT No 313026022 Transcash No 2789159 Reg No 1 328762 
• • • • • • • • • ,•• re • • • • • • • • • O O O O O O O O O O O O O O 
Please send me (initial letters used): 

 SUP  @ £22.00   DCL  @ £7.00 

 SUP!!  @ £16.00   DCD @ £9.50 

SUP + II @ £35.00   MIC  @ £6.50 

I enclose a cheque/PO payable to Cambridge Learning Ltd fore   

Please charge my   credit card, 

No   Expiry date 

Telephone orders from credit card holders accepted on 
0480 67446 (24 hrs) 

Name 

Address 

• 
•    
• 
•   Signature   

• 

CAMBRIDGE 
LEARNING 

Unit 21, Rivermill Site, FREEPOST, 
St Ives, Cambs PE17 48R, England. 

6802  2.45  6852  2.40  4000  16 4028  45  55 
4.95  ZBOA CPU 1.99  4031  18 4040  19  556 
1.40  BOA CTC 1.99  4002  18 4043  12  741 
1.50  7.804 PIO  1.99  4007  16 4046  60  748 

4011  18 4047  55  50590 
4012  18  0538910 
1013  25  CO  
4015  42  CA313) 
4016  30  C03140 
4017  39  ICL7101 
4019  28  IC17126 
4023  16  ICM7555 
4024  35  10M8038 
41325  16  0351 
41326  70  11353 
4027  zs  11356 

LM324 
503342 
L013352 
LM339 
184348 
LM358 
LM3131) 
LM381 
LM382 
1M3136 
LMI035 
0/41457 
LM2917 
LM3900 
LM3909 
LM3911 
003914 
LM3915 
0813600 
1.57210 
LS7229 
107225 
Mf 10C 
101.922 
101924 
511925 

6809 
6821 
6850 

MEMORIES 

2716  3.10  2764  4.20 ifjor ff a2732  3.20  6810  1.40 

i z i 

CITED  28  6A150V  35 
TICINO  40  652000  35 

32646 
1 043244 
2457644 
3276844 
4.061 

CRYSTALS 

80  4 I943M 
2.30  0195244 
1.80  6044 
760  6 I44M 
1.20 

1.50 
1.80 
1.30 
740 

BT STYLE PHONE 
CONNECTORS 

NEW LOWER PRICES 
Starter Kit includes Master, 
Secondary, 20m cable, line cord, 
clips, etc., all you need to rewire 
your phone - with 
instructions  9.50 
Master (flush)  2.80 
Master (surface)  2.80 
Master (mini surface)  3.00 
Secondary (flush)  2.00 
Secondary(surfacel  2.00 
Secondary (mini surface)  2.20 
Dual outlet adaptor  3.60 
0-way line cord with plug to 
spade terminals  1.75 
Extension Leads: 
5m 320  13m 3.60  20m 7.00 

4-way line cord (per en)  29 
Unapproved to 130 connector 2.00 
Plug-in Extension Ringer  6.00 
IDC Insertion Tool  30 
Cable Clips (per 25)  30 
NOTE: IDC normally supplied 

4049 
4050 
4060 
4069 
4070 
4071 
407/ 
4081 
4093 
4511 
4514 

• OPTO 

Inrn red  9 5mm red 
3mrn green  12  5nm green  12 
3rnm yellow  12  5mm yellow  12 
LEO CLIPS  3 
Rectangular. square arrow or 
triangular Iflat face) 
Red 15  Green 18  yellow 18 
&colour  65  flashing LEOs 
Tricolour Red  50 
Round  32  Red• 
Rectangular  45  Ceritemous  55 
1174111111  55  MOC3020  1.10 
11074  1.70  MOC3040  1.50 
0RP12  75  44E111  35 

Seven Segment LED Displays 
01704 3 cc  75  4 Org 18' cc 
E40500 5 cc 85  OIRECT DRIVE 
1505015 on 85  Display  7.00 

32 
35 
55 
18 
18 
18 
29 
16 
35 
48 
1.00 

400V TRIACS 

A  49  80 
BA isolated 65  120 
BA sensitive  160 
gate  66  250 

Sac 

Na 
85 
95 
210 

SPECIAL OFFER 
27128 £10 CHANGE TO f7.50 

FOR FREE 28 PAGE 
CATALOGUE SEND 9x6 SAE TODAYII 

P: 
TELEPHONE ORDERS 

G..3 ACCESS 8-BARCLAY CARD ...A. 

RING 01-567 8910 (24HRS) 

21  MI.926  1.80 
40  441927  1.80 
22  MI926  1.80 
30  MI.929  1.80 
3.30  MMI4C911 6.50 
3.93  7.44474C915  96 
65  MM74C922 3.90 
85  4444742220 4.50 
10  5E567  1.25 
9.00  S5668  2.20 
8.00  55760  220 
95  S080529  3.50 
3.10  S560600  2.50 
413  SL440  1.95 
70  S1441  1.35 
80  01465  115 
40  S1490  2.05 
85  160800  70 
1.29  1848100S  90 
40  7001024  1.20 
55  1004290  1.90 
48  71061  40 
1.29  71.062  60 
1.40  01064  130 
1.10  11071  45 
88  11072  70 
3.95  11.074  1.30 
34  1L081  35 
1.90  11.082  48 
68  71084  1.00 
80  11170  50 
1.75  TL507C  1.20 
740  1MSI121  8.50 
240  1M51601  9.50 
1.10  042240  145 
4.75  11042003  75 
2.75  111520134  75 
2.60  25414  80 
2.97  25425  3.40 
3.80  25427  5.70 
2.50  25428  4.50 
2.10  251034E  1.80 

REGULATORS 

7810512115 30  7405/12115  50 
79106120 55  7905  55 
Variable 14477340 

LM338K15A15.50 
LM3171  85 

FIVE SIX SEVEN EIGHT NINE TEN 

CT1000K  Clock/Timer  E14.90 
CT1000KB• Clock/Timer  Box  (17.40 
XK101  Electronic Lock  f11.50 
XK102  3-Note Door Chime  (5.50 
XK104  Solid State Switch  E2.40 
XK112  Mains Wiring Remote 

Control  (42.00 
XK113  M W Radio  E5.50 
TO300K 1  300 W Touchdirnmer  f7.75 
TS300K 5  300 W Touchswitch  (7.75 
L0300K 1  300 W Lightdirnmer  E3.95 
TDR300K 1 IR Remote Controlled 

Lightdimmer  E14.95 
68K6'  IR Transmitter for 

TOR300K and MK7  E4.50 
TDE1K t  Touchdirnmer extension f2.50 
TSA300K 1 Time Delay Touch 

Switch (300W)  E5.130 
MK1  Thermostat  E4.60 
MK2  Solid State Relay  E2.60 
MK4  Proportional Tempera-

ture Cpntroller  (6.50 
MKS  Mains Timer 11K W)  (4.50 
MK7  Single Channel Infra 

Red Receiver (240V)  (10.50 
MK16  Mains Powered IR 

Transmitter  E3.50 
MK17  Single Channel Infra 

Red Receiver 112V)  (10.50 
' Includes box.  1 Includes front panel 
All kits include PCBs, components and 
assembly instructions. 
For further details send S. A. E. 

DISCO LIGHTING KITS 

DL1000K  This value for money 4-way 
chaser features hi-directional sequence 
and dimming Ik W per channel  E15.95 
01210001(  A lower cost unidirectional 
version of the above Zero switching to 
reduce interference  •  E8.95 
Optional opto input allowing audio 'beat' 
light response IDLA/11  20p 
01300010  3-channel sound to light kit 
features zero voltage switching, auto 
matic level control and built in micro 
phone Ik W per channel  (12.95 

1 

MICROPROCESSOR 
TIMER KIT 

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

18 time settings 

CT6000K 

XK 114. Relay Kit for CT6000 
includes PCB, connectors and 
one relay. Will accept up to 4 
relays 3A ,240V co contacts 

701 115 Additional Relays 

E39 00 

E3.90 

Et 65 

HOME LIGHTING KITS 

These kits are 
designed to 
replace a stan 
dard wall switch 
to control up to 
300w of lighting 

10830040 Remote Controlled 
Light Dimmer 

MK6  Transmitter to' 
above 

10300K  Touch Dimmer 

TS300K  Touch Switch 

TDE/K  2 way extension 
for above kits 

1030040  Rotary controlled 
Light Dimmer 

ELECTRONICS 
11 13 BOSTON RD 
LONDON VV7 3SJ 
Tel Orders 01 567 8910 
ENQUIRIES 01 579 9791 

Shop Hours Mon F. San 5pm 
t 10am  at 

(1495 

E4 50 

E7 75 

(7 75 

E2 50 

13 95 

ORDERING INFORMATION: ALL PRICES EX 
CLUDE VAT. FREE PEW on orders over, 120 1111( 
only) otherwise add 75p; VAT Overpas PEW' Europe 
12 75. Elsewhere 1680 Sire chequerPOIBarclaycard• 
Access No. with order Giro No 529314002 
LOCAL AUTHORITY AND EXPORT ORDERS 
WELCOME. GOODS BY RETURN SUBJECT TO, 
AVAILABILITY. to,  

4 
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SAVE EVEN MORE! 

THE PRACTICAL 
ELECTRONICS 
FILM SERVICE 
So many satisfied customers have been delighted with this 
award-winning film service that the economies made are 
now being passed on to you in the form of substantial price 
reductions. You can now save up to 75p on last year's prices. 
For 36 successful Superprints you pay only £2.95 inc. VAT. 
Compare this with last year's £3.70 and with the prices in 
the shops. Postage and packing is 30p extra as before. 
Here is the new price range— and remember, Superprints 
give you 30 per cent more picture area than standard 
prints at no extra charge. 

No. of Superprints 
12-15 
24 
36 

Price (inc. VAT) 

£1.65  PLUS P/P 

£2.20   £2.95 30p extra 

RELIABILITY AND QUALITY 

All our colour prints are made on Kodak Luxury 
Lustre paper. Prints have square corners and are 
borderless to give you maximum picture area. All 
prints are checked at every processing stage for 
accurate colour reproduction in a laboratory which 
is the winner of five recent successive Kodak Gold 
Awards for Quality. No other processing laboratory 
has been able to match this record. After allowing 
for postal and peak-period delays, you should 
normally expect your prints after seven to ten days. 

ALL YOU HAVE TO DO 
Send any make of colour print film together with your 
cheque or postal order inside the Freepost envelope 
enclosed with this issue. Or fill in the coupon below and 
send together with your film and remittance in a strong 
envelope to: Practical Electronics Film Service, FREEPOST, 
Watford WD1 8FP. Half -frame films are welcome, and these 
are charged at double the full-frame price. 

PERSONALISED SERVICE 
Readers know we care for their prints. If you have any 
queries, contact our service's ten-line switchboard: 
(01) 953 9911. 

Approx. sizes of Superprints: 
6"x4" (35mm) 51/4":4" (HO, 

Disc and 135 Half Frame) 4"x4" (126). 

SPECIAL FILM OFFER 

Films from the high-resolution emulsion 'ColorFast' range 
are available to all readers at highly competitive prices. 
And when you order three, you get another FREE. 

110/24, 126/24, 135/24 £1.40 each OR 4 for price of 
3—£4.20. Konica disc £1.60 OR 4 for price of 3—£4.80. 
135/36 £1.80 OR 4 for price of 3—£5.40. 

SPECIAL ALBUM OFFER  

An attractive flip-type album, padded in black with gold 
embossing and holding 100 Supersize prints (in the shops 
£5.75) is offered to readers for only £3.99.inc. p&p. 
All prices am correct at the time of going to press and are for UK readers 
only. 

USE THIS LABEL IF YOU HAVE NO ENVELOPE, OR PASS TO A FRIEND. -1  
To: Practical Electronics Film Service, FREEPOST, Watford WD1 8FP. 

From: Practical Electronics Film Service, 
FREEPOST, Watford WD1 8FP 

Name   
*Print my enclosed film 

*Rush me  of 110/24.   .o1126/24, 

 of 135/24  of 135/36.  of Disc/15 film 

*Rush me  album(s) 

I for which I enclose cheque/PO payable to Practical 
I Electronics Film Service. 
Li:Es   Post Code   

Address   

UNLESS YOU MAKE PRIOR ARRANGEMENTS WITH US we will only accept your film on the sl not understanding that our liability m the cale ol loss or damage will not exceed the replacement c.t of the unexposed tilrn 
and the processing charges paid NO CREDITS GIVEN FOR FAILURE PRINTS This otter a limited to the UK Choice of matenals 0001 discretion The Practical Electronics Film Se once a operated in association with 
MFS Photographic Ltd registered England 1835248 Registered Of ice St trlIng Way Boreham wood. Hens. WOO 2A2 Offer expires 31/3/86 

Practical Electronics  June 1985 



Intruder alarms and accessories 
A COMPLETE 
SECURITY 
SYSTEM 
FOR ONLY 
09.95 VAT. 
contains 
Control Und  CA 1250 
Enclosure & mechan4Cel foungs  NW 1250 
Kay Switch & 2 keys  05 3901 
1601  LED 1 
5'S " Horn Speaker  HS 588 
htgn gualtty surface mounong Magnetic Swgches  MS 1025 

Wtth only a few houis of your time  ts poss Me to assemble and install an 
ective sewtom system to protect your family a. property. at the amaxingly 

low cost of E39 954VA T No compro mses have been made a. no corners 
haw been cut The outstandwg value results from volume productton and 
direct suppty Assembly ts stratghtforward wan the detail . tnstructtons 
provided When tnstalled you can en' , the peace ol mind that results from a 
secure home Should you voshto.crease the level of security the system rn, 
be extended at a, tune wgh additional rnagne w switches pressure pads or 
ultrasontc sensors Don't wait until it's too lam order tod , 
Order Code CS 1370 

EXTENDED SYSTEM CS 1480 Price £62.50 + V.A.T. 
This system contatns. trt addition to the CS 1370. an ultrasonic detector type 
US 5063 • Os enclosure. an addwonal horn speaker and a further 1 magneto 
switches This system represents outstandt . value for money /or the h•oh 
level of securgy provided 
Order Code CS 1480 

ALARM CONTROL 
UNIT 
CA 1250 

Price f19.954.Al. 
The heart of any eta . system is the control 
und The CA 1250 of fers every possible feattire 
that ts likely lobe moutre0 when constructing a 
system  whether  a Mghly  sophtsttceied 
install . . or simply controlling a stngle 
magne w swach on the front door 

• &pit  electron.c wen dr PveS 2 loud 
speakers 
• Provtdes em and entrance delays together 
wtth fixed alarm Or. 
• Battery back up with mettle charge factlity 
• Operates wan magnets sontcheS. PreSSure 
Pads. ultrasonic or I R units 
• Ano tamper and par. facility 
• Stah.lised output .Itage 
• 2 operating modes full alarm arm temPer 
and pante faciltty 
• Screw connections for ease of tnstalletton 
• Separate relay contacts f or external loads 
• Tem tooP foC.MY 

SELF-CONTAINED ULTRASONIC 
ALARM UNIT CK 5063  only £37.00 + VAT. 

Peputres no tnstaliation East!, aSSPIIIVea  our 
professgynally built a. tested rnOduleS 

•Adtustable range up to 1511 
*EMI, In entrance and ex,' detali 
*Bud, in timed alarm 
•Key operated swttch Of f. Test and Operate 
•Proviston for an extenston speaker 
•Fully self contatned  • 
'Uses US 5063. PSI_ 1865 Key Switch 3901 
3' Speaker 3515 

Now you  instinible a really ef fecttve intruder alarm at this low puce using 
tr. . and tested Rtscomp modules Supplied wtth  mstructions, the ka 
conlams everythtng necessary to prowde an ef fecttve warning System 101 0001 
house or flat Wah a built tn LED tndtcator a. test positton the. . iseastly set 
up regutryng no tnstallation It may smpty be placed on a cupboard or desk 
Movement within US range mll Men cause Inc POI in siren to produce a 
Penetrating 90605 of sound or even 110dbs .04 an additional speaker All 
Parts encluded and supplied with full instructions for ease of assembly Sue 
100 x 180* 70mm Order as Cl 5063 

Dept PE30 

RISICOMr 21 Duke Street, 
Princes Risborough, 

LiMr1rED Bucks. HP17 OAT 
Princes Risborough 1084 441 6326 

HARDWARE KIT 
HW 1250 

only 
E9.50 

attraciiye case IS deSi Ved tU hoi.se the 
control untt CA 1250  together with the 
aporePrtate LED inwcators aId key switch 
Supplted w . the necessary mounong 
and punch . front panei. the unit PS queen a 
professtonal appearance by an adhestve 5.114 
screened label  Size 2004 MO  7001,1 

SIREN & POWER 
SUPPLY 
MODULE 
PSI 1865 

only 
£9.95  VAT. 
A complete wen and power Supply moldule 
yyhtch Is capable of provdtng sound Mims of 
1100bs at 2 metres six .n used with a horn 
speaker  In addmon  the untt prowdes a 
stabdtsed  12V output pp to  100mA  A 
swachtng rel , ts also tncluded so that the unit 
may be used In contunction 0,15 150 US 5063 
to form a complete alarm 

DIGITAL ULTRASONIC 
DETECTOR 
US 5063 

only 

£13.95  VAT. 

TIMER SWITCH & POWER SUPPLY MODULE 
DP 3570 Price 03.95  VAT. 
The OP 3570 cons.'s of an adtustable tenet switch and sta., . I24 power 
supply for use in a ...derange & .. .Moons tncludtng securgv llghttng Control 
and automatic switchog 
The orner secoon of the module provtdes svottchmg of loads on to 34 for pre 
mt times. the duratton of wt.... may beset by the user to between 10 secs a. 
Soles The timed period may . logger., by the opentng of al .. or the 
clostng  of  external  contacts.  wah  the  tuned  pert .  cornmenctng 
tnstantaneousty or delayed to provtde a form of entrance detay 
The power Suptahr Sect.00 of the module prowdes a 12V output of up to 150m4 
which PS Sufficient for 10051 applications The module ...MS P.m wther 
2400 a c supply or a 12V batter y for which treckle charge facilities alealcloded 
Connections 10 150 module are by means of screw termtnal connectors wah no 
soldertng needed 

For rnounttng Inc unit an arpacpve moulded 
enclosure ts evadable 

ME 357 only £2.85 + VAT. 

INFRA-RED SYSTEM IR 1470 only £25.614A1 
ol separate transmute, and recetver both of which ale housed Ph 

atrractive mould . cases the system provtdes an invtstble modulated bearn 
over Wstances of UP TO 50, t opera ., a relay when the beam is woken 
Intend . for use tn securtly systems but also deal for photogrePMC and 
meaStifernent aPPliCaTiOns  Sle BO  SO, 35.1111. 

•Crystal eon110 for grealef stability 
•Adiustahle range up to 2514 
•Ettelt tn delays  •12V operation 

Tnis advanced module uses chgual vgnal processing to Provtde the 
Mghest lewl of sensgwity whtlst dpscruninahno agamst potent . false 
alarm condwons 

RISCOMP 
THE SECURITY 
SPECIALISTS I 

Add IV. VAT 40 .11 efts .  Saturday 9 0040 1 000lee 
Add /Op post and pact ., to ., ord. .  SAE wt . ell engin:um 
Um's ran demons,' e.n  Order by telephone or post 
Shop hours 9 00 to 5 0 01 p 
Closed Wedrutati m  vow crtmln7ard 

ULTRASONIC MODULE 
ENCLOSURE 

only 
E2.95 
+ VAT. 

••• 

Stumble metal enclosure for houstng an 
individual ultrasonic module type US S0630. 
US  4011  Supplied  wtth  Inc  necessary 
mounong 01a.s and screws etc Fw 05 5063 
order SC 5063 101 05 4012 order SC 4012 

FULL 
RANGE OF 
ACCESSORIES 
STOCKED 

SEND SAE FOR 
DETAILS 

BARCLAYCARD 

TELECOM EQUIP 

BT Plug & 3M lead  1.25 
BT MASTER SOCKET  2.85 
BT Sec Skt  1.95 
BT 4-core cable  1M 0.15 

100M 12.00 

ROTARY POTS 

0.25W Carbon Log & Lin 1K-
2M2  each 0.32 

10 3.00 
Any 100 28.00 

VEROBOARD 

21/2  x 31/4 
21/2  x 5 
21/2  x 17 
31/4 X 17 
31/4 x 5 
33/4 x 17 
43/4 x 173/4  
Pkt of 100 pins 
Spt face cutter 
Pin insert tool  1.85 
Vero Wiring Pen & Spool 3.50 
Dip Board  3.85 
Vero Strip  1.25 

0.85 
1.00 
3.07 
1.05 
1.15 
4.10 
4.95 
0.30 
1.48 

MARCO TRADING 
SERVICE AIDS  TRANSISTORS 
ALL SERVISOL 
PRODUCTS 
Switch Cleaner  0% 
Circuit Freezer  1.14 
Foam Cleanser  036 
Aero Klene Silicone 
Grease (Aerosol)  122 
Antistatic Spray  038 
Plastic Seal  1% 
Excel Polish  032 
Fire Extinguisher, 6405 

2% 
Video Head Cleaner 038 
Solda Mop (Std)  0.74 
Solda Mop IL/Gauge) 574 

3mm 
RedGer.  

Yellow 
5mm 
Red 
Green 
Yellow 

10p 10/85p 
13p 10/1.00 
13p 10/1.00 

10p 10/85p 
13p 10/1.00 
13p 10/1.00 

PLASTIC BOXES  PLUGS & SOCKETS 

3 x 2 x 1"  0.35 
3 x 21/2 x 2" 0.65 
4 x 3 x 11/2 " 0.83 
6 x 4 x 21/2 " 1.15 
81/2  x 5 x 31/4"2.15 

Colour Black, all 
boxes with lids 
and screws. 

9v 300MA  3 Pin 
Power 
Supply  £2.75 

eta Co-ax Pug 
Plastic Co-ax Flug 
Single Junction Socket 
Fkrgu Pgshono 
1PL259 

in Plastic Mono Plug 
educer 

/4in Metal Mono Plug 
2.5rnrn Plug Metal 
3.5 mrn Plug Metal 
2.5rnar Chassis Socket 
3.5 mot Chassis Socket 
2p10 2/410 Mono Chassis Socket 
4 pin !Ain Mono Chassis Socket 
6 pm Vitin Mono Chassis Socket 
4m1', Banana Plug 
dm m Banana Socket 

0.18 
0.14 
0.80 
015 
0.20 
0.38 
015 
0.15 
0.30 
015 
0.16 
0.10 
0.10 
014 
0.20 
0.30 
0.15 
0.15 

AC128  0.30  0E338  0.38 
AC176  0.28  BFX26  0.28 
AF239  0.68  BFX84  0.24 
BC107  0.10  8FX85  0.26 
BC108  0.10  BFX87  0.26 
BC109  0.10  BEY50  0.21 
A.B.C.  0.12  BEY52  0.21 
BC147  0.09  BEY90  0.90 
BC182  0.09  BSX20  0.34 
BC182L  0.09  BU208  1.55 
BC184  0.09  BU407  1.65 
BC184L  0.09  MJ2955  0.90 
0C212  0.09  0C45  0.58 
BC212L  0.09  0071  0.50 
BCY70  0.15  0072  0.52 
130131/2  0.34  TIP31A  0.44 
130133  0.56  T1P32A  0.42 
B0I35  0.32  TIP33C  0.88 
B0I36  0.36  TIP34A  0.72 
BF115  0.32  TIP2955  0.60 
8E184  0.32  TIP3055  0.60 
8E185  0.32  TI543  0.88 
8E194  0.08  TI588  0.40 
8E195  0.10  2N3055  0.45 
BF196  0.10  25C1096  0.68 
BF197  0.10  2SC1173Y  0.82 
8E200  0.20  2SC1306  0.92 
8F224  0.20  2SC1307  0.40 
13E244  0.26  2SC1957  0.76 
8F244A  0.28  2SC2028  0.73 
BF2446  0.30  2SC2029  2.10 
8E259  0.32  2SC2078  1.05 
8E262  0.30  2SC2166  1.20 
8E263  0.30  35K88  0.65 
8E337  0.38  40673  0.80 

VIDEO PROJECTION UNIT 
Brand Ne w, co mplete and working, but no 
instruction manual. 

Supplied co mplete with Projector, Tuner and 
Screen. 

PRICE: Nor mally over £2,500. 

OUR PRICE: £1,200 

MARCO TRADING (DEPT PE6) 
The Maltings 
High Street 
Wem, Shropshire SY4 5EN 
Tel: 0939 32763  Telex: 35565 

74LS 

LSOO 
LSO1 
LSO2 
LSO3 
LSO3 
LSO8 
LSO9 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 
LS20 
LS21 
LS22 
LS30 
LS32 
LS37 
LS74 
LS122 
LS138 
LS139 
LS151 
LS155 
LS157 
LS158 
LS160 
LS161 
LS162 
LS163 
LS166 
LS170 
LS244 
LS245 
LS257 
LS393 

28p 
28p 
28p 
28p 
32p 
28p 
28p 
28p 
28p 
25p 
33p 
58p 
25p 
28p 
28p 
28p 
30p 
28p 
23p 
38p 
70p 
45p 
68p 
75p 
50p 
45p 
58p 
60p 
70p 
72p 
80p 
1.95 
1.75 
1.00 
2.00 
73p 
1.15 

DIODES 

N916 
N4001 
N4004 
N4005 
N4007 
N4148 
N4149 
N5400 
N5401 
N5402 
N5404 
N5406 
N5408 
S44 
S921  • 

0.04 
0.05 
0.06 
0.06 
0.07 
0.05 
0.06 
0.12 
0.15 
0.15 
0.16 
0.18 
0.20 
0.06 
0.08 

AA119 
AA129 
AAY30 
BA100 
BY126 
BY127 
BY133 
BY184 
0A47 
0A90 
0A91 
0A95 
0A200 
0A202 
IN914 

0.12 
0.18 
0.16 
0.24 
0.12 
0.10 
0.16 
0.40 
0.10 
0.08 
0.09 
0.18 
0.06 
0.15 
0.04 

MIN.D CONNECTORS 

9  15  25  37 
PLUGS  way way way  way 
Solder Lug  52p  65p  88p  £1.45 
Right Angle  89p f1.34 £1.98  £3.48 

SOCKETS 
Solder Lug  78p  98p f1.33  £2.48 
Right Angle  f1.18 £1.78 £270  £4.15 

COVERS  95 P 95 P 96 P  £1 

RESISTOR KITS 

SOLDERING AIDS 

Antex 15W iron 
Antex 18W iron 
Antex 25W iron 
Antex Elements 
Antex Bits 
Antex stands 
Desolder Tool 
Spare nozzle 
25W Kit-iron with 13A plug 
& stand  ONLY 7.20 

NI-CAD CHARGER 

5.00 
5.00 
5.20 
2.00 
0.95 
1.90 
4.50 
0.65 

Universal charger to charge 
PP3, AA, C, D  PRICE 6.00 

NI-CADS 

PP3 
AA 
HPII 

4.45, 
0.95, 
2.30, 
2.35, 

DATA CABLE 

4/16.00 
10/8.00 
4/8.50 
4/8.75 

Overall screened twisted 
pair 
£50.00 per 100 metres 
200 metres available 

VAN Pack 10 each value E12 10R-1M 
Total: 610 resistors  ONLY 4.80 

1/4W Pack 5 each value E12 10R-1M 
Total: 305 resistors  ONLY 2.75 

1/2W Pack 10 each value E12 2R2-2M2 
Total: 730 resistors  ONLY 5.25 

1/2 W Pack 5 each value E12 2R2-2M2 
Total: 365 resistors  ONLY 3.50 

50v Ceramic Kit 5 each value 
125 Per Kit  0.50 

ORDERING. All co mponents are brand ne w and to full specification Please add 50p 
postage/packing (unless otherwise specified to all orders then add 15". VAT to 
the total Either send cheque/cash/postal order or send/telephone your Access or 

Visa nu mber. Official,orders fro m schools, universities, colleges, etc, most 

welco me (Do not forget to send for our 1985 catalogue - only 65p per cope 

An orders despatched by return of mail 
NE W RETAIL 1.000 sq ft shop no w open M on.Fri 9.00-5.00, Sat 9 00-12 00 

M ARCO 

8 5 

Etectr °rocs 
Co Mponents 
Catalogu e 

DIN CONNECTORS 
8 pin DIN Plug  35p each 

10 for £3.00 

8 pin DIN Socket  36p each 
(Chassis)  10 for £3.10 

8 pin DIN Socket  38p each 
(Line)  10 for f320 

VOLTAGE REGULATORS 

78L05/12/15 
7505/12115 
7905/12/15 
LM317K 

1985 CATALOGUE 

Our latest 123 page 
catalogue over 4000 items 
fully illustrated. Send 
65p now for your copy. 
FREE with orders over 
65.00. 

0.30 
0.55 
0.65 
3.50 
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WRONG FOR f50m 

IT 
is amazing what some people will 

I do just to prove me wrong. In my 
March editorial I said "he will need a 
manufacturer to build the chips since it 
is highly unlikely that Sinclair will buy 
or build the necessary factory". Sir 
Clive is now trying to raise £50 million 
in an effort to prove me wrong! 
Seriously though, I made that state-

ment on the grounds that three large 
companies had already given up on 
wafer  scale  integration.  One 
company  Trilogy (US) having spent 
more than $200 million (possibly even 
twice that figure) on research and 
development over six years to 1984 
when the project was abandoned. Sin-
clair plans to form a company to 
manufacture WSI chips based on the 
research into chip production done at 
his Cambridge centre Metalab. Sin-
clair's aim is to produce 300,000 
seven megabyte chips, based on a four 
inch wafer, next year. The first product 
will be a 512K RAM for the QL. To do 
this he has teamed up with Robb 
Wilmot, chairman of ICL and ex-head 
of Texas Instruments in the UK. Bet-
ween them they plan to raise £50 
million venture capital to start the pro-
ject. Sinclair is being less ambitious 
than Trilogy —who tried to build a 
complete processor on a wafer —by 
starting with memory only. Trilogy's 
attempt was doomed because of 
problems with heat distribution and 
impurities in the silicon itself. 
Sinclair's research incorporates the 

ideas of Ivor Catt, a British inventor 
who failed to sell his ideas to a number 
of companies in the 1970's and even-
tually went to work at Metalab where 

his ideas were developed and built 
upon. Providing Sinclair can overcome 
the heat and impurity problems that 
result in low yields, he still faces the 
testing and packaging hurdles which 
are presently only developed for in-
dividual chips. Having said all that, 
there does seem to be enthusiasm for 
the idea in financial circles, probably 
because Robb Wilmot is highly re-
spected in the City. 
Sinclair intends to set up a new fac-

tory "somewhere in England"  to 
produce the WSI chips. Interestingly. 
Inmos, now a profitable company, was 
funded to the tune of £100 million 
before much in the way of a product 
started coming out. In 1982 the Inmos 
annual report showed assets of £20.2 
million in freehold land and buildings 
and £23.7 million in plant and equip-
ment. Inmos had an operating loss for 
1982 of £8.6 million. It may be unfair 
to compare the two start ups —Sir 
Clive will no doubt not wish to go into 
the mass memory chip production 
business and he anticipates a "colossal 
cost  advantage"  over  "standard" 
memory chips. Inmos also set up two 
factories, one being in the USA, and 
had to start development from scratch. 
However, it is a similar type of business 
requiring similar equipment and factory 
premises and Inmos started spending 
money in 1978 with the first sample 
products coming out in 1980. 
I hope the £50 million will prove me 

wrong and that my scepticism will be 
unfounded  only time will tell. 

BACK NU MBERS and BINDERS . . . 
Copies of most of our recent 
issues are available from: Post 
Sales Department (Practical Elec-
tronics), I PC Magazines Ltd., 
Lavington House, 25 Lavington 
Street, London SE1 OPF, at £1 
each including Inland/Overseas 
p&p. When ordering please state 
title, month and/or issue required. 
Binders for PE are available 

from the same address as back 
numbers at £5.50 each to UK or 
overseas  addresses,  including 
postage, packing and VAT. 

Editor Mike Kenward 

Secretary Pauline Mitchell 

Editorial Tel: Poole (02021671191 

Advertisement Manager 
David Tilleard 01-261 6676 

Secretary 
Christine Pocknell 01-261 6676 

Classified Supervisor 
Barbara Blake 01-261 5897 

Ad. Make-up/Copy 
Brian Lamb 01-261 6601 

Queries and letters concerning 
advertisements to: 
Practical Electronics Advertisements, 
King's Reach Tower, 
Stamford Street, London 8E1 9LS 
Telex: 915748 MAGDIV-G 

Letters and Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 

designs published in PE. All letters requiring 
a reply should be accompanied by a stam-
ped addressed envelope, or addressed en-
velope and international reply coupons, and 
each letter should relate to one published 
project only. We are unable to answer 
letters relating to articles more than 
five years old. 
Components are usually available from 

advertisers; where we anticipate difficulties 
a source will be suggested. 

Old Projects 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue, as we cannot 
guarantee the indefinite availability of com-
ponents used. We are unable to answer 
letters relating to articles more than 
five years old. 

Technical and editorial queries and letters to: 
Practical Electronics Editorial, 
Westover House, 
West Quay Road, Poole, 
Dorset BH 15 1JG 

SUBSCRIPTIONS 
Copies of Practical Electronics are available 
by post, inland for £13, overseas for £15 
per 12 issues, from: Practical Electronics, 
Subscription  Department, IPC Magazines 
Ltd., Room 2816, King's Reach Tower, 
Stamford Street, London SE1 9LS. Che-
ques, postal orders and international money 
orders should be made payable to IPC 

Magazines Limited. Payment for subscrip-
tions can also be made using a credit card. 

Phone: 
Editorial Poole (0202) 671191 

We regret that lengthy technical enquiries 
cannot be answered over the telephone. 
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Sinelair's latest 
After a heavily publicised 'bad patch' which brought about an indefinite 

cancellation of the co mpany's floatation on the Stock Market earlier this 

year Sinclair Research see m to be riding the fiscal storm and are planning 

more ne w ventures. The two ite ms featured belo w are a direct reflection 

of Sir Clive Sinclair's innovative marketing outlook. They epito mise the 

type of product that has brought his co mpany's steady expansion (bu mpy 

or other wise). 

In fact the Sinclair 2" flat screen TV was 
launched as far back as September 1983 
but has only been the subject of, a 
reasonable advertising campaign this year. 
It is the first TV to use a single I.s.i. chip 
for its circuitry requirements and signal 
processing functions. Designed by SR and 
produced by Ferranti Ltd. using the FAB2 

CD1 process, it is a complex linear/digital 
circuit with a number of original advanced 
features  which  are  subjects  of 
patent applications. 

The pictured f.m. wristwatch radio is at 

present for export to the USA only, it was 
launched  at the Consumer  Electronics 
Show in Las Vegas in January. The product 
features a full-function digital wristwatch 
with liquid crystal display and a compact 
.m. radio. Unlike its predecessors the radio 
does not rely on the use of a crystal ear-
piece,  instead the tiny loudspeaker is 
capable of adequate sound reproduction, 
or, to quote Sinclair 'remarkable volume'. 

The radio is powered from a 1.5V battery 

The set uses flat pack batteries by 
Polaroid which were originally designed for 
instant film packs. The 6V lithium cells will 
give up to 15 hours of viewing time. The 
multi-standard TV is also the first to feature 
automatic standard switching for reception 
of most v.h.f, transmissions around the 
world excluding France. 
Measuring 140 x 90 x 30mm the set 

retails at £99.95 and the 'flat' batteries at 
£9.95 for a pack of three; a mains adaptor 

is also available at £7.95. 

housed in one of the three hinged parts of 
the wristlet, allowing up to 20 hours of 
operation. The antenna is entirely housed. 
within the wristlet and is activated with the 
clasp. The wristwatch radio will retail for 
under $100. This and a QL micro sales 
campaign will spearhead Sinclairs efforts to 
re-enter the US market. 
A £50 million silicon wafer factory is be-

ing planned by Sinclair that will provide 
chips  for  the  scheduled  portable 

minicomputer —Proteus. 

Function 
Generator 

The new Jupiter 500 Function Generator is a 
rugged mains operated instrument offering 
features unique in its price range, such as full 
programmability of both amplitude and fre-
quency by external voltage and high output 
voltage of up to 30V peak-to-peak. 

11, 

The frequency range is 0.1Hz to 500kHz in 
seven switched decade ranges with fine fre-
quency control. Sine, square, triangle and 
TTI, (30 loads) waveforms are selectable and 
an adjustable d.c. offset up to I5V can also be 
applied to the output. The unit is supplied with 
a comprehensive instruction manual and sells 
at £126.50 inc. VAT. 
An illustrated colour data sheet is available 

from: Black Star Limited, 9A Crown Street, 
St Ives, Huntingdon, Cambs, PE17 4EB. 
(0480 62440). 

ell's 5 1115's 
If your idea of a good time is sitting in 
front of the screen with a five-pack 
then this may be the item for you. 

Ross  Electronics  are  marketing 
'High reliability read and write 
capability'  home computer cassette 
tapes of either six minute (C12) or 
seven and a half minute (C15) duration. 
The tapes are sold in convenience 
packs of five, they are available in most 
High  Street computer outlets. The 
RX2-C12 pack costs around £3.25 and 
the RX2-C15 pack around £3.30. 
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M ARCH: imam 
Mk II GENESIS 
ROBOTS 

Powert ran Cybernetics, has now launched 
Mark II versions of the Genesis program-
mable hydraulic robots. The Mark II Genesis 
P101 and P102 are 'a result of Powertran's 
policy of continued development rather than a 
radical redesign, and represent detail improve-
ments over the originals. In addition to the 
RS232 of the Mark I version, there is now a 
parallel I/O port. 
New manufacturing methods have resulted 

in closer tolerances for components, minimis-
ing operational wear and reducing previously 
annoying minor hydraulic leakages. At the 
same time, accessibility to parts requiring 
servicing or adjustment has been improved. 
Despite the wide-ranging improvements in 

the Mark II versions, prices have remained at 
reasonable levels, and the Genesis robots still 
represent a cost-effective introduction to the 
principles of industrial robotics. Both in con-
struction and operation, the robots mirror in-
dustrial robots. 
A detailed specification and price list for 

the new Genesis Mark Il robots is available 
from: Powertran Cybernetics Ltd., Portway 
Industrial Estate, Andover, Hampshire, SP10 
3NN. (0264 64455). 

STILLTIME  Briefly. „ 
TO CLEAN UP 
Until June 25th Bib Audio/Video Products 
Limited will be running a competition 
featuring their one-piece push button video 
head cleaner. This product won a design 
award in the USA last year for the most 
innovative consumer electronics product. 
A small aerosol is placed inside the VHS 

cleaner cassette and the push of a button 
applies a quantity of cleaning fluid to the 
cleaning tape, this is then run through the 
machine in the usual way. Because the 
Beta cassette format is physically smaller 
than the VHS it does not use the onboard 
push button method. Instead the cleaning 
fluid is supplied separately in a small 
aerosol with a directional applicator. 
Back to the competition, the entry forms 

are included in the packs (where else) and 
prizes begin with an Autumn/ Winter 
weekend break for two in Paris with £100 
spending money. The remaining prizes 
range from a 14" portable colour TV to 
video cassette title and label kits. 
Both the VHS (pushbutton) and the Beta 

head cleaners are available from Boots, 
W. H. Smith, Currys and video stores, they 
cost £9.98 and £10.99 respectively. 

This year Philips Electronic and Associated 
Industries Ltd. are celebrating their sixtieth 
year in the UK. During that time its group of 
companies has applied for and been granted 
around 20,000 UK patents. This works out at 
an amazing 'one patent for every working day' 
since they were first established here in 1925. 
Current R&D investment is around fl million 
per working week. 

British Telecom inform us that orders 
in excess of £3 million have already 
been received for cellphones for use 
with the new cellular radio network — 
Cellnet. It is their confident prediction 
that orders worth £20mi11ion will have 
been placed by the end of the year. 

The latest catalogue from Cybernetic Applica-
tion is now available free of charge to PE 
readers. The publication includes the full range 
of robotic products available in the Mentor 
and Neptune ranges; these robots were 
featured as constructional projects in PE from 
September 1984 to March 1985. 
These constructional articles have been 

reproduced in the catalogue along with an up 
to date price list for kits and peripherals. Con-
tact,  Cybernetic  Applications,  Portway 
Trading Estate, Andover, Hants, SP 10 3LF. 
(0264 50093). 

•  •  •  • 

Building societies are considering plans to 
join BACS (The Bankers Automated Clear-
ing Service) which electronically transfers 
funds between banks and individual com-
panies; kicking cash and cheques even 
further into touch? 

kurilluun . •  • 
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. 

Apple May 9-11, Novotel, London L 
Automan (manufacturing) May. NEC Ti 
Electron & BBC May 9-12. New Horticultural Hall, London L 
IBM Computer User May 14-16. NEC 13/ham 0 
Business Telecom May 21-23. Barbican, London 0 
CETEX (Consumer Electronics Trade) May 26-29. Earls Court M 
Scotelex June 4-6. Royal Highland Soc., Exhibition Hall, 
Ingliston, Edinburgh Al 

Software June 4-6. Earls Court, London K2 
The Computer Fair June 13-16. Earls Court K2 
Networks June 25-27. Wembley Conf. Cntr. 0 
Cable July 9-11. Metropole, Brighton 0 
Video Software Sept. 1-3, Olympia G3 
Personal Computer World Show Sept. 18-22. Olympia 2 M 
Electron & BBC User Sept. 27-29. UMIST, Manchester L 
Electron & BBC User Nov. 14-17. New Horticultural Hall, London L 
Computer Graphics Oct. 16-18. Wembley Conf. Cntr. 0 

Al 
G3 
K2 

0 
TI 

Inst. Electronics f 0706 43661 
Link House Video  01-686 2599 
Reed Exhibitions, Surrey Ho., 1 Throwley Way, Sutton, Surrey. 
Database f 061-429 8157 
Montbuild (01-486 1951 
Online f 01-868 4466 
Cahners f 0483 38085 
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THE RUR is a low cost hobby development robot in-
tended for education and enthusiastic electronic and 

computer users at home. 
It has the traditional robot shape and brilliant external 

colours and contains a standard 19 inch rack with provisions 
for 220mm Euro-Card modules. In its basic form it contains 
a Z8 c.p.u. control card and motor drive module, which will 
enable the robot's movement through a Tiny BASIC Teach 
program. The head is rotatable under software. Two led. 
arrays are included in the head to simulate eyes, again 
controllable by software. 
Future plans include optional add-ons such as a remote 

controlled on-board computer of greater potential having 
two 16-bit c.p.u.s and expandable up to 1M RAM. The head 
has built-in positions for the vision system, voice recognition 
and speech synthesis systems. A sonar detector is included 

in the basic unit. 
The low cost of the robot makes it ideal for micro users 

with RS232/432 facilities on their host computer and who 
want to do more with their computer than play games. For 
education the uses are boundless. 

'RUR' 
HOBBY 
ROBOT 

PART 1 

Ralph P. Magee 

RUR 
REEKIE UNIVERSAL ROBOT 

The term RUR was first given to Rossum's 
Universal Robot which featured in a sen-
sational Karel Capek play of the early 
Twenties, performed in both New York and 
London. 
Factory produced "biological androids" 

took their name robot from the Slovak work 
"Robota", meaning obligatory worker. 
The RUR featured now is of more sub-

stance than greasepaint, and serves as a 
mobile test-bed in which experimentation by 
the lunatic fringe of the hi-tech Eighties need 
know no bounds. The Reekie Universal Robot 
will not mind you drilling the odd hole in his 
head to fit some electronics, as long as it's to 
get him to do something "unconventional". 
As they say: "We have the technology," 

and with Reekie Engineering's affordability 
concept, you might even find you have the 
money. 

RUR is shown fitted with optional arm and tray 
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SPECIFICATION 

Body: Made of aluminium painted in textured yellow. 
Shape —Octangular. 
Height -480mm. 
Width -440mm. 
Depth -355mm. 
Front of body contains a round aperture of 38mm 
located 140mm from bottom of body in a central 
position which will contain a sonar detector. The 
right hand-side has a provision for a future belt 
driven arm and not "Springs and Strings" as il-
lustrated in the prototype. A standard Vero 19 inch 
rack is placed vertically towards the rear. 

Feet: Made of aluminium and coloured matt black. 
Toe to heel -240mm. 
Height —From floor to bottom of body 185mm. 
Motivation power is supplied by two (one in each 
foot) 12 volt d.c, motors with gearbox by Crouzet Ltd. 
of 60:1 ratio, shaft speed 60 rpm. 

Head: Made of aluminium. Colour —deep textured orange. 
Shape —Octangular. 
Size side to side -277mm. Front to back -220mm. 
Height -155mm. 
Each side of front face contains an aperture of 
76mm with 19 I.e.d.s, central front —an aperture of 
38mm for future vision system or a second sonar. On 
each side suitable holes can be made to accept 
microphones for voice recognition and on top a 
speaker space for voice synthesis. Head rotation is 
by a 12 volt d.c, motor with gearbox by Crouzet Ltd. 
of 120 rpm. 

Electronics: Z8 c.p.u. controller with 2K RAM 4K EPROM 
and tiny BASIC interpreter which will receive 
and transmit with host computer by cable us-
ing the RS 232/432 port. 
Driver module —Darlington and 6 d.c. relays. 

D.C. Battery: Sealed lead acid 12 volt 5Ah made by Gates 
Energy Products is supplied. 

Future Optional Add-ons 
1) Belt drive arm by Reekie and an elevated tray unit plus 
hardware for steppers. Robot will then have 10 degrees 
of freedom. 

21 Control card containing two 16-bit c.p.u.s and up to 32K 
RAM. Full BASIC and QWERTY keyboard. This will also 
contain on the keyboard an I.c.d. read-out. 

31 Speech synthesis. 
41 Voice recognition. 
51 Vision system. 

1/4   

MECHANICAL ASSE MBLY —BASE 
Screw front and rear extrusions onto base section (the 

one with no hole in the centre), using M4, 12mm screws. 
This is now the base of the body. Next attach top to these 
extrusions, and place Rack Module guides into slots as 
needed. We suggest topmost position for the electronics 
basic kit. 
The bearing assembly should now be placed in the hole 

provided in the top section and screwed down. This bearing 
is used for attaching the head to the body. Fix into position, 
forward of the bearing, one 12 volt motor (the one with the 
red dot) using M3, 6mm screws and nuts. 

The R UR head incorporates 'eye-catching' I.e.d. eyes, and a 
hole for an ultrasonic range-finder. The swivel bearing can 
also be seen 

111011111 0' 
tilS011.1010 MP MI 

 R E I M 

LIU 
SET SCREW 

IPE16231,1 

SPINDLE 

Half Section on Centre Line 

BASE OF HEAD 

COMPOSITE GEAR 

BE  

TOP OF ROBOT 

BUSH 

LOCKING RINGS 

Fig. 1. The head ball bearing assembly 

Side View of Left 
Foot, (Nearside Plate 
Removed.) 

PE1624P 

MOTOR MOUNTED ON 
OTHER SIDE OF PLATE 

Fig. 2. Foot drive system. Only one wheel is driven 

Using N4, 6mm self-tap screws fix the 185mm left sec-
tion into position "b". Fix 130mm width section onto the 
front "d". Now the front left section of 175mm to side "c". 
Using care, slide large shaped section to right of body and 
screw into position using self tap N4, 6mm screws position 

Body now has in position the top and bottom, left, right 
and front left. The rear-left and rear-right has been left open 
for now to give access for later assemblies. 
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COMPONENTS. . . 
Mechanical 

Body 

Top unit of body 
Bottom unit of body 
Left side 
Right side 
Front left 
Rear left 
Front 
Preformed support strips  (4 off) 
Rear right 
Front extrusions  (2 off) 
Rear extrusions  (2 off) 
3U/10E extended 4 rail module kit 
Module guide  (10 off) 
12V d.c. motors with gear box 
Sonar kit 
Relays  (6 off) 

Feet 
Right and left sections inner  (2 off) 

outer  (2 off) 
Inner, outer spacers  (8 off) 
Wheels  (4 off) 
Pulleys  (2 off) 
Belts  (2 off) 
Motors  2 

Head 
Front shaped unit 
Rear shaped unit 
Top 
Bottom 
Sides 
Bearing assy 
L.e.d. arrays 

2 

2 

Miscellaneous 

M3 Screws and nuts  1 Pk 
M4 Screws and nuts  1 Pk 
N4 Self tap screws  1 Pk 
Battery 12 5Ah  1 
Wire (supplied to suit) 
Ribbon cable  3 metres 

Constructor's Note 
A full kit of parts for the RUR is available from Rookie 
Robots, Beaufort Works, Beaufort Road, Richmond 
Road, East Twickenham, Middlesex TW1 2PQ.  01-
892 2877. Prices are as follows: Basic kit: £249 plus VAT. 
Add-on Arm and elevated tray: £280 plus VAT. 

Foot, showing the 
drive motor 

An I.e.d, eye p.c.b. (prototype) 

The track-side of the eye p.c.b. Note that 
the I.e.d.s may be illuminated in rings — 
outer, inner, and centre (single) I.e.d. 

RUR  incorporates ultrasonic range-
finder module 

Foot, showing internal belt arrange-
ment (prototype). The wheels on 
the marketed version are thin-
ner to reduce sideways 

friction whilst the robot 
is turning to a new 

heading 
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Side D (Front) 

Side B 

Side C 

Side A 

Head bearing and motor 
positions in top plate 

r+i  

Side E 

Rack Unit 
(Fixed to bottom plate) 

/ -Extrusions 
Side F 

Fig. 3. Plan vie w of the RUR body. Also housed within the body is a specially manufactured lead-acid battery po wer source 

The optional ar m (Armdroid unit) with gripper closed 

MECHANICAL ASSE MBLY —HEAD 
The head is in six sections; shaped front and rear, top and 

bottom and two sides. Using N4, 6mm self tap screws fit 
rear to bottom. Using the double-sided sticky tape position 
the led. arrays into the eyes. Attach front section on to bot-
tom as in the rear assembly. 
Using M3 screws attach the head onto the bearing 

assembly that has been positioned on the body. 
Using N4, 6mm self-tap screws assemble the left and 

right sides. Thread the ribbon cables from the I.e.d.s through 
the bearing hole. Finally, attach top using N4, 6mm self-tap 
screws. 

MECHANICAL ASSE MBLY —FEET 
The feet are assembled using the two similar shaped sec-

tions for each foot. The inner section is distinguished by the 

The optional ar m with gripper open 

hole provided for the motor. 
Firstly attach the motor (with blue dot) into position using 

M3, 12mm screws and nuts. Do not tighten at this stage. 
Attach large diameter shafts on to position A and B. Place 

rear wheel on shaft and pulley on motor shaft. Now place 
belt over motor pulley and then over the provision on the 
rear wheel. Take up any slack from the motor end and 
tighten all screws. The belt should be comfortably tight. 
Attach 12mm fixing brackets to the inner and outer feet 

sections and assemble them together using the spacer sec-
tions at positions CDEF. This is now one foot. Use the same 
method for assembling the other foot. 
Now attach the feet to the bottom of the Robot using M4, 

12mm screws and nuts. Feed the motor wires through the 
holes provided. 
NEXT MONTH. The electronics, software and use. 
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EY BA and D. WHITFIELD M A M SC CEng IVIIBE 

Electronic Mail, On-line Databases, and Bulletin Boards are all 
terms in widespread use by the computer press today. However, 
like many such terms these are products of the inexorable com-
puter jargon machine, and are often not quite as widely un-
derstood. Indeed, to many, the only mental image conjured up by 
the term Electronic Mail is that of components for the latest PE 
project arriving by post! Underlying all three of these terms, 
however, is the concept of computers communicating with each 
other over telephone lines. In this and two subsequent articles 
we shall be examining the basic principles of this type of com-
puter communications, and in this first article we start by looking 
at the basic tool of micro communications; the modem. 

CO M MUNICATING BY PHONE 
The basic idea behind computer communications is 

straightforward enough; it is to send information from one 
computer to another in a form that can be received and un-
derstood by the recipient. However, as with most simple 
ideas, the practical processes which are involved are a little 
more complicated than this simple statement might lead us 
to believe. By looking into the problem a little more closely 
to see what is involved, we will be much more likely to be 
able to make sense of the manufacturers' specifications, and 
therefore solve any practical problems which may arise at a 
later date. 
To begin with, let us suppose that we have two com-

puters, in different locations, and we wish to send a message 
between the two. Typically this message could be a file 
which is to be transferred between the two systems, but it 
could equally well be any other collection of bytes stored in 
memory, or even generated by a program. Starting from this 
point, we must provide a mechanism whereby the recipient 
receives a copy of our "message" in his computer's memory. 
At one time, this problem would have been approached by 

the use of special data lines to link the users together. 
However, this obviously lacks appeal, particularly where 
communication is required infrequently and/or with a num-
ber of different and remote locations. Instead, the problem is 
now usually solved by using standard (voice) telephone lines 
to provide the basic link (the communications bearer) bet-
ween the two computers. However, a telephone line is a 
single audio channel, and is not immediately suitable for 
transmitting the parallel digital data found inside a com-
puter. Furthermore, the parallel buses inside the computer 
operate at high frequencies (often above 1MHz), whereas 
the frequency response of a standard British Telecom line is 
limited to a bandwidth of approximately 3kHz. While this is 
quite adequate for speech (and even music can be 
recognisable), something must obviously be done if data 
transmission is to be successful. A further complication (and 
there always is one!) is that some frequencies within the 
audio range are also used for tone signalling within the BT 
network. 
Overall, the basic problem of transferring data over a 

telephone line breaks down into three major parts, shown in 

block schematic in Fig. 1. First, the message data must be 
extracted from the computer in a form suitable for slow 
speed serial transmission. Second, the digital data must be 
converted into a form which matches the capabilities of the 
telephone line. The corresponding reverse operations are 
also required at the receiving end. Only then are we ready to 
worry about the final component in the overall transfer 
process; the software. We start, however, by looking at the 
problem of serialising the parallel data in the computer. 

SERIAL INTERFACE 
Most home and small business computers either come 

fitted with a serial interface as standard, or can have one 
fitted as an option. This interface usually conforms to either 
the RS232C or RS423 standard (although not always 
exactly as regards the connectors used). However, for our 
purposes there are few practical differences, and functionally 
we usually consider the two standards to be identical. For 
convenience we shall refer to this type of interface as the 
RS232 port, but what exactly does an RS232 port do for us? 
The short answer is that this port provides us with just the 

facility we are looking for; it takes parallel data from the 
computer's bus, and turns it into a serial bit stream, and vice 
versa. This conversion is usually performed by a special pur-
pose computer peripheral i.c., known as an Asynchronous 
Communications Interface Adaptor (AC A), which is con-
nected to the computer's system bus. There is a little more 
to the process than this, however, and if we leave the 

Corn putert 
memory 

MESSAGE 

COMM UN-
!CATIONS 
SOFTWARE 

R5232 
port  Modem 

IPE161211 

+111 1.. 
'4   

PARALLEL 
DATA 
( DIGITAL ) 

IM MI•111111 

•11 111. 

SER AL 
DATA 
( DIGITAL ) 

.4111• 11. 

SERIAL 
DATA 

( ANALOGUE ) 

Telephone line 

Fig. 1. Computer communications by telephone 
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COMPUTING 
problem here we may become hopelessly lost when we ac-
tually try to make our communications link work. 
The RS232 standard covers all of the pins available on the 

25-pin D-type connector specified, but in this application 
only a few of these signals are actually involved; these are 
shown in Table 1. Unfortunately, the connectors used by the 
various computer manufacturers do not all follow the RS232 
standard, or even the same variation on the standard. The 
connectors for the "standard" RS232 (D-type), and the BBC 
Micro's serial port (DIN domino type) are shown by way of 

RS232 Pin Signal 

1 
2 
3 
4 
5 

Protective Ground 
Transmitted Data (TXD) 
Received Data (RXD) 
Request to Send (RTS) 
Clear to Send (CTS) 

Table 1. Commonly used RS232 signals 

example in Fig. 2. One of the reasons for these deviations 
from the standard is undoubtedly the cost involved in 
providing a full RS232 interface, when only a small propor-
tion of the signals are actually required. The points to note 
here are: always check which signals you actually require, 
and make sure that you have the appropriate lead for your 
computer. 

RTS  TOO 

CTS  ROD 1 Oiv 

(Top) 

00 0 0 0 0 0000 0 0 / A 'A 'It 'io 109 fa'  g 12 1 

R5232C 'D Type' Socket. 

NOTE: BOTH 
SOCKETS VIEWED 
ON FACE SIDE 

RTS ROD 

  (Top) 

BBC Micro t  t 

'Domino Socket CTS TOO 

Fig. 2. Serial port connectors 

— 0V 

Basically a serial interface consists of a Data In line, a 
Data Out line and a Ground connection. This represents the 
barest minimum for a bidirectional serial link, although 
handshaking lines are often supplied in addition, but are not 
essential. When these handshake lines are used, data should 
only be sent out from the micro when CTS (Clear To Send) is 
low, whereas the micro should set RTS (Ready To Send) low 
when ready to receive data. If a software handshake is used 
instead of the hardware handshake, connecting RTS to CTS 
will usually produce a simple 3-line link. 

0  i ---
Start  Data° Data) Data 2 Data 3 Dato4  Data 5 Data 6 Data] Parity  Slop  Start Bit— 
Bit  (LOB)  (MSB) Bit  Bit  Next Byte) 

IPE1614PI 

Fig. 3. Serial data byte waveform 

The data itself is transmitted serially using a format which 
must be agreed in advance between the sender and receiver. 
The general form of the serial data stream is shown in Fig. 3. 
The voltage range for RS232 signals is shown in Fig. 4, and 
in practice levels of around +12 volts are commonly used for 

logic 1 and 0, respectively. As we can see, the data bits for 
each character are sandwiched between a start bit at the 
beginning to indicate that a character follows, and a selec-
tion of parity/stop bits at the end. The parity bit (if present) 

+25V(maxl 

OV 

LOGIC 0 

+3V (min) 

—3V (min) 

I P E1615Pf LOGIC 1 

Fig. 4. RS232 voltage levels 

INDETERMINATE 
REGION 

—25V (max.) 

allows the receiver to check that the panty is correct; if not, 
there has been an error somewhere between sender and 
receiver. 
As we have suggested, there are a number of different 

arrangements which can be used for the serial data stream. 
The example in Fig. 3 shows 8 data bits per frame, with odd 
parity and one stop bit. Table 2 shows typical combinations 
which may be encountered; selection is usually performed 
by software (e.g. using a *FX1 51 call on the BBC Micro). 

Start Bit Data Bits Parity Stop Bits 

1 

N
 
h
 
N.
 
r•-•
 
CO
 
CO
 
CO
 
CO 

Even 2 
1 Odd 2 
1 Even 1 
1 Odd 1 
1 None 2 
1 None 1 
1 Even 1 
1 Odd 1 

Table 2. Common data stream formats 

The most important point to note, however, is that whatever 
combination of data, parity and stop bits is selected, both 
ends of the link must be using the same settings if there is to 
be any hope of successful communication. 
There is one final characteristic of the serial data stream 

which we must consider before we leave the subject; that of 
data rate. The waveform in Fig. 3 shows the format of the 
frame used to send one character, but it contains no actual 
time values. The duration of a single bit determines the rate 
at which data can be carried by the serial stream. For ex-
ample, a lmsec bit duration allows a maximum of 1000 bits 
to be transferred in a second. This rate is known as the baud 
rate. Thus a baud rate of 1000 means that if we use one 
start bit, 8 data bits, 1 parity bit and 1 stop bit, we can send 
a maximum of around 91 bytes per second over the link. 
We have now considered all of the factors which are re-

quired in order to specify our data stream to another user, 
and for convenience these are summarised in Table 3, 

Characteristic Typical Values 

Baud Rate 
Data Bits 
Start Bits 
Parity 
Stop Bits 

75, 300, 600, 1200 
7, 8 
1 

Odd, Even, None 
' 1,2 

Table 3. Serial data stream characteristics 
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together with typical values. Having produced the bit 
stream, the next step is to consider the problem of how to 
squeeze the digital signal from the RS232 port down an 
analogue telephone line. 

MODE MS 
The word modem is derived from the term MOdulator-

DEModulator, and neatly describes the function of a modem 
as being to modulate signals onto a carrier, and to 
demodulate signals from a carrier. In this case the carriers 
referred to are audio signals falling within the frequency 
range of a telephone line, and the modulation is something 
which is controlled by the serial data stream. The almost 
universally adopted modulation technique for this purpose is 
known as Frequency Shift Keying (FSK). In this technique a 
binary 0 (also known as a space) is represented by one tone, 
while a binary 1 (also known as a mark) is represented by 
another nearby. 
The overall bandwidth of the telephone line clearly affects 

the range of tones which can be used in FSK. Although not 
immediately quite so obvious, the line bandwidth also af-
fects how often these tones may be switched (keyed) be-
tween mark and space. Overall, the practical maximum data 
rate which can be supported by a telephone line comes out 
at around 1300 baud. By sharing out this available capacity 
in different ways, however, we can set up one-way links, or 
two-way simultaneous links on a single telephone line. The 
two-way type of link is known as a full-duplex link. Alter-
natively, we can set up two-way links that are used in only 
one direction at a time. These are known as half-duplex links, 
and clearly require some agreed method of changing over 
from one sender to the other. Half-duplex links do, however, 
allow us to use the maximum speed in each direction, and 
hence reduce call costs by minimising the time required to 
transfer a message. To complete the picture, the final type of 
link (not much used) is the one-way or simplex link. So much 
for the principle, but how do we get two-way operation onto 
a single telephone line? 
The basic arrangement of a modem linked to a telephone 

line is shown in Fig. 5. If both ends of the link used the same 
frequencies to transmit, it is clear that there would be severe 
interference problems. Instead, each end of the link is 
allocated a different pair of frequencies for sending data. The 
receiver section in each modem is also provided with a 
bandpass filter which rejects its own gignals, and accepts 
only those in the range allocated to the other user. There 
must obviously be agreement between the two users as to 
who sends which set of frequencies, and therefore each is 
designated (and set up) as either Originate or Answer mode. 
When talking to large systems,  users are invariably 
originating the call, and hence operate in originate mode. 
In user to user links, however, it is a matter for local 
arrangement. 

RS232 
1/FACE 
OUT 

5232 
I/FACE 
IN 

T 
SIGNAL 

MODULATOR 

SIGNAL 
ODULATOR H it _ GE-
SIGNAL  

Fig. 5. Basic modem configuration 

Mode Baud 
Rate 

Transmit 
Frequency 

Receive  Duplex 
Frequency 

Space Mark Space Mark 
(Hz)  (Hz)  (Hz)  (Hz) 

CCITT V.21 Orig  300  1180  980  1850  1650  full 
CCITT V.21 Answer  300  1850  1650  1180  980  full 
CCITT V.23 Model  600  1700  1300  1700  1300  half 
CCITT V.23 Mode 2  1200  2100  1300  2100  1300  half 
CCITT V.23 Back  75  450  390  450  390 
Bell 103 Orig  300  1070  1270  2025  2225  full 
Bell 103 Answer  300  2025  2225  1070  1270  full 
Bell 202  1200  2200  1200  2200  1200  half 

Table 4. Signal frequencies 

Telephone line bandwidth 

Receive filter bandwidths 
e• ••••• 

0 0 0 
CO CO <0 

[PE1617P1 

Rx 
1 

To 

1850 Hz 

1650Hz 

o 1180H. 

1 980H. 

Ongoiate 

FREQUENCY 
(Hz) 

1180Hz 

Rx 
1 

980Hz 

1850Hz 

1650Hz 

Telephone System Answer 

Fig. 6. V21 channels for 300/300 baud 

0 
To 

1 

The frequencies used by the Answer and Originate users 
are invariably specified from one of the internationally 
agreed standards. These depend on the data rate to be used, 
the continent (i.e. USA or Europe), and whether the user is 
operating in Answer or Originate mode. The USA uses a 
series of standards set up by the Bell Telephone System, 
whereas in Europe the CCITT standards have been adopted. 
The frequencies used are shown in Table 4, and Fig. 6 shows 
an  example of how the commonly used 300 baud 
send/receive V21 channels are allocated. The modes which 
a modem can support will depend on the frequencies that 

it can generate and, more difficult, the frequencies to which 
the receiver filter can be switched. The early single-mode 
modems are now being joined by multi-mode types. We 
shall be seeing next month how LSI technology has helped 
to bring about these changes in the modem market. 
Typically, micro users have tended to adopt one of two 

baud rates. For user-to-user communication 300/300 baud 
is the normal choice, whereas for on-line databases and dial-
up services like Prestel, a 1200/75 baud arrangement is the 
normal choice. This latter choice is based on the fact that 
this type of system sends a lot of information to the sub-
scriber, but the user's response is typed at a relatively slow, 
rate. As can be seen, the use to which a modem is to be put 
will affect the range of modes which must be supported. 
Multi-mode modems are now increasingly available at prices 
which compare very favourably with single-mode types and 
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these can solve the problem of choosing the appropriate 
speed at the time of purchase. 
So far we have seen how a modem converts the bit 

stream from the computer's serial port into audio tones 
suitable for a standard telephone line. The demodulator side 
of the modem will be able to recover this bit stream from the 
incoming audio signal. The next problem in the computer-to-
computer link is how to connect the modem to the 
telephone line. 

MAKING CONNECTIONS 
There are basically two methods of connecting a modem 

to the BT network; acoustically and direct. These methods 
are illustrated diagramatically in Fig. 7. All modems con-
nected to the BT network must be approved by BABT, and 
must carry the appropriate green approval sticker. 
In an acoustically coupled modern a 'reverse' telephone 

handset is provided which has a small microphone and 
loudspeaker. These are arranged so that they are opposite 
the normal handset's earpiece and mouthpiece, respectively, 
when the two are physically coupled. Data to be sent is out-
put to the loudspeaker, while received data is picked up from 
the microphone. The reverse telephone usually has some 
type of wrap-around rubber coupling to provide good sound 
isolation from background noise. The advantage of the 
acoustic coupler is that the modem remains electrically 
isolated from the BT network. The disadvantage is that the 
coupler is sensitive to background noise and vibration, and is 
not always suitable for non-standard handsets. 
The directly coupled modem connects to the BT network 

using one of the new-style modular plugs. Although called 
'direct', the part of the modem running off its own power 
must be electrically isolated from the network. This is usually 
done by means of a line isolating transformer, or increasingly 
by an opto-isolator. The point of this is to prevent accidental 
application of dangerous voltages (mains in particular) to the 
line, which otherwise could have dangerous effects on 
people and equipment. The direct connect modem avoids 
the problems inherent in the acoustically coupled modem, 

and at long last prices are now falling to a comparable level. 
All direct connect modems must be BT approved. 
We now have the complete link from computer to com-

puter via the telephone network. All that remains is to sort 
out the software we need in order to be able to actually use 
the link. 

SOFT WARE 
As with anything involving a computer, the communica-

tions link just described (computer, serial port, modem and 
telephone line) is useless without suitable software. It could 
be said that the communications software will be the most 
important factor in determining how easy to use and how 
versatile the system will be, but what is it that this com-
munications software is required to do? 
The basic language of computer communications is ASCII 

(American Standard Code for Information Interchange); an 
internationally accepted standard 7-bit code for characters 
(also including a range of control codes). All messages sent 
and received between computers are usually serial bit 
streams representing ASCII characters. The first requirement 
of any communications software, therefore, is to be able to 
convert data from the computer's internal storage format to 
ASCII, and vice versa. With text, which constitutes the ma-
jority of messages, this is not usually too difficult since most 
computers store text as one ASCII character in each byte. 
This facility also implies an ability in the software to be able 
to interface with the computer's memory and/or filing 
system. At this point it rapidly becomes clear that com-
munications software is almost invariably specific to a par-
ticular machine; some is even specific to one modem. 
Next, the software must be able to set up and control both 

the modem and serial port. This should support at least 300 
and 1200 baud settings. Some modems can actually be set 
up under software control, rather than via front panel 
switches. This will, however, require that the appropriate 
facilities are included in the software. The communications 
software must clearly be able to handle both the incoming 
and outgoing data streams. This will require the ability to 
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Fig. 7. Modem connections to the BT network 
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specify the source and destination of data, preferably 
providing a choice between RAM and the filing system. If 
you wish  to transfer files using software handshake 
protocols, these must also be supported by the software 
(e.g. XON/XOFF). 
The facilities just described represent the minimum that is 

required to get "on line". When selecting a suitable software 
package, it is important to choose one which is easy to use. 
Preferably, the software should be menu-driven, since this 
will make it easier to use without continuous reference to 
manuals. Further facilities will be useful if you intend to 
make significant use of an on-line database, e.g. Prestel. For 
example, the facility to dump a screen to the filing system for 
later study or printing will prove useful, and will reduce the 
connection time (and hence cost!). Similarly, the ability to 
prepare messages off-line, and then call them up from the 
filing system when actually on-line, will also save connection 
time. 
As we have said, the communications software will have a 

significant effect on the ease of use of both the modem and 
any on-line service. With this in mind, it is essential that a 
software package is chosen which meets your needs in the 
most straightforward possible manner. Look around for a 
suitable package, and try to compare a few likely candidates 
at work, but be prepared to spend up to around £30 for a 
good package. Money spent on the right package, however, 
will be money well spent. 

MORE MODE M FACILITIES 
To conclude this first article we will now look at additional 

facilites offered by some of today's more sophisticated 
modems. None of these are essential features, but many are 
attractive, and can widen the range of uses for a modem. 
The first three all require software to support their use. 
Software control: Some modems allow various settings 
(e.g. speed) to be controlled from the computer, as an alter-
native to using the normal front panel switches.This usually 
requires an appropriate port on the computer (e.g. the user 
port on the BBC Micro), and an extra lead. 
Auto answer: This option in a modem works rather like a 
telephone answering machine. If your telephone number is 
rung, the modem answers with a tone; a corresponding tone 
indicates that the caller is another computer, and com-
munications can then continue automatically. This feature 
can be extremely useful, for example, to allow messages to 
be left when you are not at home (or asleep'). 
Auto dial: This feature allows telephone numbers to be 
rung directly from the computer. This allows directories of 
numbers to be held on (say) disc. Getting the computer to 
periodically re-dial engaged numbers is another useful 
benefit. 
Auto speed selection: When calling another computer, the 
answer tone will allow the mode and speed to be detected; 
see Table 4. This allows the modem's mode and speed to be 
set up automatically. 

NEXT MONTH: We shall be looking at the techniques available for building a modem. 
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A more and more functions and facilities 
are combined within integrated circuits, 

it becomes tempting to treat them purely as 
'black boxes', without any real regard for what 
goes on inside. This is particularly true of 
many analogue to digital CA to D') conver-
ters, where we are rarely aware of the activity 
within the devices, so are unable to significan-
tly change the way in which they work. Con-
versely, A to D converters which do allow us 
access to their internal working are often very 
difficult to use. Against this background, the 
ZN435 from Ferranti comes as a breath of 
fresh air! It's a very simple to use device, yet 
can act as an A to D converter, a D to A con-
verter, a voltage to frequency converter, and 
much more. The pinout of the ZN435 is 
shown in Fig. 1, and its specifications in Fig. 
2—there are quite a number of specifications 
for the i.c. due to the number of different cir-
cuit blocks contained within it. 

BLOCK OPERATION 

The block diagram of the i.c. is shown in 
Fig. 3, the basic 'building blocks' being a D to 
•A converter, a voltage reference, an up/down 
counter, and a clock oscillator. The D to A 
converter can be controlled by either the inter-
nal 8-bit up/down counter, or an external 8-bit 
code, as determined by the input select switch. 
When the D to A converter is receiving its 
data from the internal counter, this data is also 
made available at the digital input/output pins. 
The on-chip oscillator is used to drive the 

counter, although this may be over-ridden by 
an external clock signal. Likewise, an internal 
voltage reference is provided for use by the D 
to A converter, although an external reference 
may be used if preferred. 

DIGITAL CONTROL 

The control logic determines the actions of 
the internal up/down counter, and controls the 
digital input selection switching, as shown in 
Fig. 4. The UP and DOWN inputs are fairly 
self-explanatory, and select the normal direc-
tion of counting. Both UP and DOWN inputs 
in the logic 1 state will cause the counter to be 
stopped, and both at logic 0 (with MODE at 
logic 1) allows the counter to count up to its 
maximum, then down to zero, then up to max-
imum again. etc. The MODE input determines 
the action of the counter at zero and at its full-
scale maximum count of 255. When the mode 
input is at logic 1, the counter will reset to zero 
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resistance value, and 100pF on capacitance, 
as shown in the specifications. At low 
capacitances (less than 1nF) there is likely to 
be an error in the frequency obtained; it won't 
correspond exactly with the formula or the 
graph. If such an error does occur, it will be 
due to manufacturing tolerances of the lower 
clock voltage threshold, and possibly due also 
to stray capacitance in the circuitry and wiring 
around pin 17 of the i.c. 
If it is required to use an external clock, 

then the internal clock must be over-driven by 
the external one. When doing this, the external 
timing resistor and capacitor are omitted. TTL 
or LS TTL signals can drive pin 17 directly, 
with no further circuitry being necessary. 
Open collector or open drain logic outputs 
must use the arrangement of resistors shown 
in Fig. 6a, and CMOS logic must use the cir-
cuit shown in Fig. 6b. In all cases the high 
level (logic 1) clock driving signal at pin 17 
must be attenuated to below 4.5V, since a 
signal above this voltage will cause damage to 
the internal clock circuitry. The upper fre-
quency limit is guaranteed to be 1MHz or 
better. 

THE D TO A CONVERTER 

The digital to analogue converter is a 
voltage switching type with a very low offset 
voltage of typically 3 to 5mV. Ignoring offsets, 
the output voltage is given by the formula: 

(Vref IN)N  
output voltage = 

256 

'N' is the decimal equivalent (i.e. 0 to 255) 
of the binary number fed into the D to A con-
verter. The output impedance of the converter 
is typically 4k, so buffering should be provided 
prior to any low impedance load. The input 
voltage to the converter, Vref IN, can be any 
voltage in the range 0 to 3.0V. 
An internal voltage reference is available, if 

required, for feeding into the converter —or 
for any other purpose, for that matter. This is 
equivalent to a 2.6 volt Zener diode with a 
very low slope resistance, giving good 
stability. A pull-up resistor must be provided 
from the Vref OUT pin (pin 12) to the positive 
supply rail. The recommended value of 390 
ohms will allow a nominal reference current of 
6.4mA to flow, which is sufficient to drive the 
V a  IN pins of up to five ZN435s 
simultaneously, if a number are required to 
track together closely in a system. The \Tref 
OUT pin should be decoupled to OV by a 

I. Pinout 
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Characteristic Notes Minimum 
Value 

Typically 
Maximum 
Value 

Units 

Supply voltage Unless otherwise specified, 
specs measured at +5V supply 

4.5 5 5.5 V 

Quiescent current + 5.5V supply 35 45 mA 

Temperature range ZN435E 0 +70 °C 
ZN435J -55 

. 
+125 °C 

ID to A c
onverter 

Linearity error Over full temperature range +0.25 +0.5 
. 

L.S.B. 
Differential linearity error Over full temperature range +0.25 +1.0 L.S.B. 
Zero error 
(All bits off) 

ZN435E 3.0 5.0 mV 
ZN435J 5.0 10.0 mV 

Maximum settling time To 0.5 L.S.B. 800 ns 
Full scale output All bits on, V ref IN = 2.560V 2.545 2.550 2.555 V 
Output resistance 4 kn 
Output temp. coefficient Full scale output, V ref IN = 2.560V 4 ppm/°C 
V  IN voltage range 

' 

At pin 10 0 3.0 V 

I 1 
Voltage reference 

Output voltage Measured at pin 12. 
pin 12 

pin 12 

. 

2.4 

.. 

2.59 2.7 V 
Slope resistance Pull-up resistor from 

- To +ve supply = 3900 
Decoupling capacitor from 
To OV = 220n 

2 4 0 
Temperature coefficient 50 ppm/°C 
Output current 4.0 15 mA 

Internal 
clock oscilla
tor 

Maximum frequency 500 kHz 
Temp. coeff. of frequency 100 ppm/°C 

% Frequency spread Device to device, using the same 
resistor and capacitor 1.0 

Clock resistor Between pin 17 and +ve supply 3.0 100 k0 
Clock capacitor Between pin 17 and OV 100 pF 
High level threshold 4.6 V 
Low level threshold 1.5 V 

i-, 
E' 

c..) 

High level threshold 
At clock input, when using 
an external clock j 

2.3 V 
Low level threshold 1.7 V 
Maximum frequency 1.0 1.5 MHz 

Control inputs
 

High level I/P voltage For logic 1 level 

Pins 13, 
14, 15 
and 16 

2.0 V 
Low level I/P voltage For logic 0 level 0.8 V 
High level I/P current Input voltage = 2.4V -25 µA 
Low level I/P current Input voltage = 0.4V -95 µA 
Reset pulse width At pin 13 200 ns 

Digital inputs 

. 
High level I/P voltage For logic 1 level 

Pins 
1 to 8 

2.0 
' 

V 
Low level I/P voltage For logic 0 level 0.8 V 
High level I/P current Input voltage = 2.4V -100 µA 
Low level I/P current Input voltage = 0.4V -220 µA 

„, High level 0/P voltage Logic 1 level 

Pins 
1 to 8 

5.0 
, 

V 
.7',... 7 Low level 0/P voltage Logic 0 level 0.1 V 

6 5) .-,a 0 
High level 0/P current Output voltage = 2.4V 125 µA 

0 Low level 0/P current Output voltage = 0-4V 
- 

-3.0 mA 

Fig. 2. Specifications 

220nF capacitor to stabilise the voltage 
reference and reduce its noise voltage. To use 
the internal reference for feeding into the con-
verter, simply connect pin 10 to pin 12. 

APPLICATIONS 

The Z N435 can be used as a digital to 
analogue converter with either direct inputs, or 
inputs from an up/down counter, but that is 
rather under-using its considerable potential. 
With the addition of a simple comparator (an 
ordinary op-amp would do in many applica-
tions) a 'ramp and compare' analogue to 
digital converter can be made, as shown in 
Fig. 7. The counter is arranged to count up 
from zero, producing an upwards ramping 
voltage at the analogue output, pin 11. When 
this output ramp voltage exceeds the analogue 

input voltage, the comparator output will go 
high (logic 1), stopping the counter. The status 
output at logic 1 signals to other circuitry that 
the conversion is complete and the digital data 
output is now valid. The MODE input is held 
at logic 0 to prevent the counter cycling con-
tinuously if a voltage higher than V ref OUT is 
present at the analogue input. The converter 
can be reset, and another conversion started, 
by applying a short logic 0 pulse to the reset 
input, which should normally be held at logie 
1. 
A rather more sophisticated analogue to 

digital converter which actually tracks the 
analogue input signal is shown in Fig. 8. If the 
input voltage rises, the digital output increases 
in value to follow it, and if the input decreases, 
the digital output also decreases to follow it; 

there is no requirement to start each conver-
sion from zero. 
Two LM311 comparator i.c.s are used as a 

window detector, IC2 being offset (by ad-
justing VR3 suitably) until its threshold is 
10mV above that of IC3. 10mV is equivalent 
to one least significant bit of output code. 
Whenever .the comparator input voltage is 
above the threshold of IC2, the counter will 
count up so that the converter output in-
creases to match the input. Whenever the 
comparator input is below the threshold of 
IC3 the counter will count down to make the 
converter output decrease accordingly. If the 
comparator input is in the 10mV d̀eadband' 
between IC2 turning on and IC3 turning on, 
the outputs of both IC2 and IC3 will be at 
logic 1 and the counter will be stopped. The 
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Fig. 3. ZN435 block diagram 
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mode input is held at logic 0 to prevent con-
tinuous counting in the event of an excessively 
high analogue input voltage. 
RI, R2, R3, VR1, and VR2 scale the input 

voltage of the system so that the range is 
—10V (for a count of zero) to +10V (for a 
count of 255). VR2 should be adjusted to give 
a count of 128 (10000000 in binary) for a OV 
analogue input. (For optimum accuracy, the 
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count should actually be 128 for a +39mV in-
put). VR I should be adjusted to give 255 for 
+10V input, and 0 for —10V input. The use of 
other resistor values would allow different in-
put voltage ranges, of course. 
The ZN435 is an extremely versatile device 

due to the availability to the 'outside world' of 
its various component parts. It has many ap-
plications in more specialised or unusual cir-
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Fig. 4. Control of the ZN435 i.c. 
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cuits requiring conversion between analogue 
and digital signals, and yet it is very 
straightforward to use. When operated at a 
very low clock frequency, it would make a 
superb teaching aid for analogue to digital 
converters in schools or colleges! The applica-
tions project this month shows yet another use 
for this interesting i.c. 

AVAILABILITY 
The Ferranti ZN435 is manufactured in 

two versions, the standard ZN435E, and the 
slightly higher specification ZN435J. The 
ZN435E is more than adequate for most ap-
plications, and is available from Maplin Elec-
tronic Supplies Ltd. 
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Fig. 7. A "ramp and com-
pare"  analogue-to-digital 
converter  using  the 
Ferranti ZN435 integrated 
circuit.  The  ramp  is 
generated by allowing the 
counter to count upwards 
from zero 
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Fig.  8.  A "tracking" 
analogue-to-digital  con-
verter using the Ferranti 
ZN435 D-to-A chip. This 
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sophisticated  converter 
because  the  counter 
follows the input up and 
down, and does not have 
to repeatedly start from 
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A N A N ALOGUE/DIGITAL 
W AVEFOR M GENER ATOR 

W HEN testing microcomputers, instrumen-
tation systems, A to D or D to A con-

verters, and other similar systems, it is often 
useful to have available a variable analogue 
voltage, preferably of a repetitive nature, and 
its digital representation. Fig. 9 shows a 
waveform generator with such an analogue 
and digital output, with its Veroboard layout 
given in Fig. 10. Unlike Figs. 7 and 8, in this 
case the mode input of ICI is tied to logic 1 to 
deliberately allow its counter to continue run-
ning after full-scale or zero have been reached. 
Switch S2 selects the output waveform re-
quired by controlling the UP and DOWN in-
puts. Because the counter is running con-
tinuously, it will either count up continuously, 
then jump to zero, then count up again, etc., 
giving a forward-going sawtooth waveform 
(position 1 of S2), or the reverse, giving a 
backward-going sawtooth (position 2 of S2), 
or it will count up, then down, then up, etc., 
giving a triangle wave. 
The positive or negative going slope will last 

for 256 clock cycles; hence, the frequency of 
the waveform is 1/256 times the clock in thq 
case of the sawtooth waveforms, or 1/512 
times the clock, because of the two ramps re-
quired for each cycle, in the case of the 
triangle wave. Varying the clock frequency 
will obviously vary the waveform frequency, 
so SI, CI to C7, RI, and VR I arrange for a 
wide range of clock frequencies to be made 
available. This will allow triangle waves to be 
able to be generated over the range of less 
than 0.01Hz to greater than !kHz, with the 
sawtooth waveforms being twice this fre-
quency. The digital output, of course, will 
always give a binary value equivalent to the 
analogue voltage. 
IC2 is a dual op-amp arranged to buffer the 

output of ICI and add an optional offset, and 
variable gain. With S3 in the open position, 
IC2b merely amplifies the output voltage 
directly. The output range is therefore from 0 
to +0.6V, up to 0 to +4V, depending on the 
setting of VR2. (The outputs of IC2 clip at 

+4V due to saturation effects, being so close 
to the supply rail.) With S3 closed, an offset is 
added into IC2b to give an output which 
ranges from +0.3V to +3V, again depending 
on the setting of VR2. If a very accurate 'zero' 
output is required in this offset mode, then R7 
should be replaced by a 4k7 preset. IC3 is a 
voltage converter i.c., used to provide a —5V 
rail to IC2. If a negative supply is already 
available, then IC3 and C13 may be omitted. 
In use, the circuit is largely self-

explanatory. At the highest frequency setting 
there is some frequency non-linearity due to 
the threshold and parasitic effects mentioned 
earlier, which changes the frequency range 
somewhat, hence the choice of value for C7. If 
this still proves to be a problem, then the value 
of C7 should be adjusted suitably. 
The analogue/digital waveform generator 

can provide very stable ramp and triangle 
waveforms with a corresponding digital code, 
showing yet another ususual application for 
the ZN435 converter i.c. 
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Revolutions 
The history of electronics is a succession 

of revolutions, not only in the transition 
from the spark transmitter and the coherer 
of the turn of the century to today's solid 
state technology, but also in mechanical 
construction and assembly. 
Only the truly elderly will now remember 

the breadboard layout and ebonite front 
panels of the 1920s, and the middle-aged 
the almost universal adoption of the metal 
chassis in the 1930s. These years also saw 
the introduction of plastic as an alternative 
to wood in the cabinets of domestic radios. 
The  great  post-war revolution  in 

assembly was the  introduction of the 
printed circuit together with flow soldering 
and, later, automatic component insertion. 
As p.c.b.s became more complex and com-
ponent density rose, so Computer-Aided-
Design (CAD) became a necessity instead 
of a luxury. 
The latest revolution, already upon us, is 

surface mounting of microchips and other 
micromin  components  which  are 
automatically positioned on the p.c.b. and 
cemented  into position prior to flow-
soldering. 
This form of assembly, in conjunction 

with multilayer p.c.b.s, allows a given cir-
cuit complexity to be achieved on a board 
area one-third of the size of the previous 
(and still current) state-of-the-art. And, 
when used with modern automatic place-
ment machines, as many as 200,000 com-
ponents can be mounted on 1,000 boards 
in one hour. 
A size reduction to one-third is perhaps a 

conservative estimate. A new CAD system 
called Visula from Racal-Redac is claimed 
to cut p.c.b. size to as much as one-fifth us-
ing multilayer boards with ultra-fine-line 
routing and surface mounted components 
on both sides of the board. Once the board 
has been designed, Visula will output the 
manufacturing routine including the inter-
face to automatic component placement 
machines. 
The almost incredible power of such new 

design  tools,  manufacturing tools and, 

at the end of the production line, auto-
matic test equipment is having a critical 
impact on employment and work practices. 

Knock-on 
In mass production of electronic as-

semblies the long rows of women assem-
blers hand-mounting components, hand-
wiring and  hand-soldering, are fast 
vanishing as automation takes over. The 
bulk of circuit design has passed from 
equipment manufacturers to semiconduc-
tor manufacturers who can supply off-the-
shelf or custom-designed i.c. packages for 
almost any conceivable circuit function. 
The knock-on effect continues through to 

outside specialist suppliers. The standard 
19-inch rack and panel standing six feet 
high has not entirely gone but the circuitry 
it contained with old-style components and 
construction can now be accommodated in 
an enclosure measured in cubic inches. 
Buildings to house the equipment have 
become smaller. Hence a loss to steel 
manufacturers and to the construction 
industry. 
The most basic component, copper wire, 

is still around in quantity but big users like 
British Telecom are buying less. BT has 
already installed 30,000km of optical fibre 
and has just ordered a further 23,000km at 
a cost of £9 million. Traditional cables are 
not exactly finished but the writing is on the 
wall. The copper in existing trunk routes 
can be recovered with a possible knock-on 
effect to third world copper producers like 
Zambia. 
Of course there are gains as well as 

losses in the labour equation. There is a 
redistribution with, for example, the Visula 
p.c.b. CAD systems having taken 175 man-
years of development time. But we can only 
guess how many thousand man-years of 
design effort will be saved by its users. 
Surface mounting in large scale produc-

tion has the advantage of a cheaper end-
product for the consumer. But as the com-
ponents are cemented on to the p.c.b. there 
is little chance of repair and the whole 
board becomes a throw-away item. Un-
skilled labour is adequate for a plug-in 
replacement. 

Craft 
Happily, once we turn away from mass 

production of consumer items we can still 
find work for the craftsman in small quan-
tity high-value-added design and construc-
tion. An example is a seven-off order for 
20 W transmitters worth £260,000 to Mar-
coni Defence Systems. At over £37,000 
each they seem rather expensive. That is 
until you are told that they operate up in L-
band and in outer space. The customer is 
the European Space Agency. 
If successful in flight trials scheduled for 

early next year the  Marconi TAMS 
(Transmit Amplifier Modules) could well 
become a world standard in which case 

further production would doubtless reduce 
unit-cost. Even so, such units will never be 
mass produced and will remain a virtually 

hand-crafted product. 
At ground level there is still much small-

batch construction. Such is the two-million-
dollar contract won by Marconi Communi-
cations Systems for a 500k W transmitter 
for the 'Voice of America' short wave 
broadcasts from Greenville, North Carolina. 
Equipment of this size and power has to be 
built, not turned out on an automated 
assembly line. 
As a generalisation the UK should con-

centrate on highly skilled high-value-added 
work and leave high volume production to 
those who do it most economically which, 
at present, is in Asia. 
This view is reinforced by a survey con-

ducted by the Ministry of International 
Trade and Industry in Japan. MITI's findings 
were that of all the significant inventions of 
the past 40 years the British accounted for 
55 percent, the United States only 22 per-
cent and the Japanese a paltry 5 percent. It 
depends on MITI's assessment of 'signifi-
cant' but I believe that the general ex-
perience over this period is that we are 
good at innovation but comparative duffers 
when it comes to mass production when 
measured in terms of productivity. I may 
add, fortunately, that we are improving. 

What Next? 
Miniature,  subminiature  and 

microminiature describe successive genera-
tions of equipment. The new buzz-word is 
submicron which describes chips only one 
tenth the size of commercial devices in use 
today. 
Silicon will remain  in favour but 

researchers are keenly examining gallium 
arsenide as a more appropriate material for 
submicron technology. It has higher elec-
tron conducting power and, with the tiny 
dimensions  envisaged,  a much  higher 
operating speed. 
Glasgow University's Ultra Small Struc-

ture Group has a £500,000 grant from the 
Science and Engineering Research Council 
for investigation of such devices which 
could become available commercially in a 
few years time. The research programme is 
in co-operation with BT and Plessey. 

The World 
The expected though sudden emergence 

of new leadership in the Kremlin is another 
example of how external events can in-
fluence prospects. The dismal performance 
of the economy of the Soviet Union is now 
said to be top priority but if improvement is 
to be made then the solution can come only 
from the West as is openly acknowledged 
by the now enlightened Chinese. 
The British mission, headed by Lord 

Young, returned from China in mid-March 
full of enthusiasm for increased trade. The 
Soviets may not follow the Chinese lead 
but they can't afford to fall further behind in 
living standards and consumer shortages 
while the capitalist economies surge ahead 
and the Chinese are catching up. So we 
may expect new export prospects for 
western technology in the civil sector. After 
all, enhanced mutually beneficial trade may 
be the best guarantee of lasting peace. 
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SUPER HY-LIGHT STROBE KIT 
Designed for Disco, theatrical uses, etc. 

Approx. 16 joules. Adjustable speed. Price £45 + £2 p&p (Total inc. 
VAT £54.05; Case and reflector price £15 + £2 p&p (total inc. VAT 
£19.55); Foolscap SAE for further details including Hy-Light and 
Industrial Strobe Kits. 

ULTRA VIOLET BLACK UGHT 
FLUORESCENT TUBES 
46 40 watt E10.44 (212.00 inc. VAT) 
2f1 29 watt £7.44 + E1.25 p&p 1E9.99 inc. VAT) 
18in. 15 wan MOO + 75p p&p (65.61 inc. VAT) 
13in. 10 wan £4.00 + 75p p&p (E5.46 inc. VAT) 
12in. 8 watt 13.617 i 50p p&p 1E4.71 inc. VAT) 
9in. 6 wan £3.08 + 50p p&p 1E4.02 inc. VAT) 
610. 4 well £3.00 + 50p p&p (2482 inc. VAT) 
230V AC Ballast Kit for either 6in, gin or 12in tubes £5.50 p&p 55p 
1(:6.96 inc. VAT). 
For 13in. & 18in. Tubes £6 p&p 75p (67.76 inc. VAT). 
For 12V DC op. 12in. & 13in. tubes only £5.50 p&p 75p (E7.18 inc. 
VAT). 
175 WATT SELF-BALLASTED BLACK UGHT MERCURY BULBS. 
Available for either B.C. or ES. fitting, price £10.80 + p&p £1.25 (total 
inc. VAT £13.85). 
400W UV LAMP & BALLAST complete - £48.80 + p&p (:3.50 (260.15 
eel VAT). 
400W UV LAMP only, f20.00 + p&p £2.50 (£25.88 incl. VAT). 

ROBOT ENTHUSIASTS 
1. ESCAP precision Swiss-made ironless rotor, 6V DC geared 
Motor with 70-1 gearbox. 6V DC- 16 r.p.m. 3V-8 r.p.m. amazing 
power; no load current; only 10 ma. approx. Size: 4 x 21/2  cm. Ex-
equipment, tested and guaranteed. ONLY £4.50 + 50p p&p (total 
inc. VAT £5.75). 

MICRO SWITCHES 
Button type 10amp do contacts £6.90 for 10 post paid inc. VAT. 
1. Heavy duty SPDT basic type. 2. V3 SPDT basic type. 3. Sub 
miniature SPDT basic type. All at £6.90 for 10 post paid inc. VAT. 

VORTEX BLOWER & SUCTION UNIT 
Powerful multi-stage dynamically balanced totally enclosed rotors, 
11/2 in inlet and outlet. 110V AC. £22.00. Switchable transformer for 
240V AC £8.00 p&p £3.00 - total £34.50 inc. VAT. 

VBL4 CENTRIFUGAL BLOWER 
240V AC powerful 1/50 h.p..23A motor. £18.00 + £2.00 p&p (Total inc. 
VAT £23.00). N.M.S. 

CENTRIFUGAL BLOWER 
Smith Type FFB 1706. 240V A.C. Aperture 45-40mm £6.50 p&p El One. 
VAT E13.62). 

12/24V DC CENTRIFUGAL BLOWER 
0.4A producing 30 cu ft. £7.50 + £1.00 p&p - 
total inc. VAT £9.78. N.M.S. 
METER 90mm die. 0/300V A.C. WC red. £5.00 p&p 
El inc. VAT £6.90. 

COOUNG or EXTRACTOR FAN 
Quiet smooth running. Size 43/4 43/4 x 11/2 . Supplied 
for 240V ac. operation. Price £4.75 + £1 p&p (Total  I 
inc. VAT £6.62) N.M.S. 

HEAVY DUTY SOLENOID 
Mf. by Magnetic Devices 2300 AC. Interrnitten operation. Approx. 
20Ib pull all.25in. Ex-equip. Tested £10.00  £1.50 p&p - total inc. 
VAT £13.23. 

Ample parking space 

Showroom open 
Monday-Friday 

CL1 =1 

VARIABLE VOLTAGE TRANSFORMERS 
INPUT 230, 240V a.c. 50/60 OUTPUT 0-260V. 
200W, lA Max.  £1850 
0.5KVA 21/2 A Max.  £21.00 
1KVA 5A Max.  £29.00 
2KVA 10A Max.  £41.00 
3KVA 15A Max.  £56.00 
5KVA 25A Max.  £99.00 
10KVA 50A Max.  £181.00 
15KVA 75A Max.  £275.00 

3-PHASE VARIABLE VOLTAGE TRANSFORMERS 
Dual input 200-240V or 380-415V. Star connected 
3KVA 5amp per phase max.  £113.40  All V.V Ts 
6KVA 10amp per phase max.  £170.10  plus carriage 
10KVA 16amp per phase max.  £345.45  and VAT 
Comprehensive range of TRANSFORMERS L.T. ISOLATION & AUTO 
(110-240V). Either cased with American socket and mains lead or 
open frame type available for immediate delivery. Leaflet on request. 

n 12V D.C. BILGE PUMPS 
400 G.P.H. 15ft. head, 3amp, £8.00  £1.00 p&p 
1210.35 inc. VAT). 
700 G.P.H. 10ft. head, 3.5amp, 211.50* £1.50 p&p 
1E14.95 inc. VAT). 
1750 G.P.H. 15ft. head, Vamp, £15.00. + £1.75 p&p 
(£19.26 inc. VAT). 

SINGLE DIAPHRAGM COMPRESSOR NMS  " " 

Max. 20 PSI. One CFM appro. 240 volts A.C. 218* £2 p&p (E23 inc. VAT). 

Superior Quality Precision Made 

NEW POWER RHEOSTATS 

e' 

EPROM ERASURE KIT 
Why waste money? Build your own EPROM ERASURE for a 
fraction of the price of a made-up unit. Complete kit of parts less 
case to include 12,0 wan 2537 Angst. Tube. Ballast unit, pair of 
bi-pin leads, Neon indicator, safety rnicroswitch, on/off switch 
and circuit. 
LESS CASE, Price f13.60 + 75p p&p (Total inc. VAT £16.50). 
Warning: Tube used in this circuit is highly dangerous to the 
eyes. Unit must be fitted in suitable case. 

SOLID STATE E.H.T. UNIT 
Input 230V AC. Approx. 15KV. Producing lOmm spark. Built-in 10 sec 
timer. Easily modified for 20 sec, 30 sec, to continuous. Designectfor 
boiler ignition. Dozens of uses in the field of physics and electronics, 
e.g. supplying neon or argon tubes etc. £6.50 + 90p p&p (Total inc. 
VAT £8.50) N.M.S. 

FROM STOCK AT PRICES 
THAT DEFY COMPET MON 

AC GEARED M OTORS  C.F. BLO WERS 
DC M OTORS SMALL  AC CAPACITORS 
MICROS WITCHES  STROBE KITS 

RELAYS  FLASHTUBES 
REED S WITCHES  CONTACTORS 

SOLENOIDS A.C. or D.C.  SYNCHRONOUS 
PROGRA M ME TI MERS  M OTORS 

WIDE RANGE OF XENON TUBES 
WRITE/PHONE IN YOUR ENQUIRIES 

New ceramic construction, heavy duty brush 
assembly, continuously rated. 
25 WATT 5/10/25/50/100/150/250/300/500/1k0 
1.0/fl £425 + 30p p&p (25.23 inc. VAT). 
50 WATT 250f) £6.50 + 543p p&p (E8.05 inc. VAT). 
100 WATT .1/5/10/25/50/100/250/500/1k0/1.5k0/2.5k0/3.5k0 
£10.25 4 75p p&p 1E12.65 inc. VAT). 
Black Silver Skirted Knob calibrated in Nos 1-9, 11/2in. dia, brass bush. 
Ideal for above Rheostats 30p ea. + VAT. 

INSULATED TESTERS NEW! 
Test to I.E.E. Spec. Rugged metal construction 
suitable for bench or field work constant speed 
clutch. Size L Sin., W 4i0., H 6in. weight 61b. 
500V. 300 megohms. £49 p&p £2 1E58.65 incl. 
VAT). 1000V 1000M0 £55 r p&p £2 (£65.55 incl. 

r 4up VAT) SAE for leaflet. 
LT. TRANSFORMERS 
'Special Offer' 0-6 30-0-630 at 10 Amp 1120 0-10 Amp or 60 at 20 Amp) Price 
£9.00 p&p £2.00 - inclusive of VAT £12.65 N.M.S. 

GEARED MOTORS 
5 rpm 2400 AC Mf. by Carter, EVA f 1 p&p (1)31.11 inc. VAT). N.M.S. 
20 rpm 1150 AC Synchronous, torque approx 801b/in M AO + £4 p&p 1Total inc 
VAT 227.00). N.MS. 
TRANSFORMER 2400 operation, £3.15 I U.00 p&p (Total inc. VAT £12/21. 
za rpm Torque 20Ibm. reversible 1/80th h.p. 1100 AC. Price. E950 4- p&p E1.80 
(Total inc. VAT £12.991 
Suitable TRANSFORMER for 230-2400 AC operation. Phce, 11.20 + p&p £I40 
(Total inc VAT £7.59). N.M.S. 
38.3 rpm GEARED MOTOR. Torque 351b.in. reversible 1150 AC Inc start capacity 
price 211.55 0 £2.00 p&p. (Total inc. VAT 21558) N.MS. 
Suitable TRANSFORMER 230V AC operation. Price 620 + 50p p&p (2656 incl 
VAT). 
CROWN 37 rpm 2000Ibm approx. 11IN AC, reversible grated motor. Price: £35 
p&p £4.50 (645.42 Inc. VAT) N.MS. 
Suitable TRANSFORMER for above £10 p&p 21.50 0/1322 inc VAT). 

57 rpm 2400 1/22 h.p. continuousN rated REVERSIBLE 501b3rt manuf. by 
Wynstruments. New. Ideal for garage doors, curtains etc. 0510E12.00  £2.00 
p&p (incl. VAT £16.10), inclusive capacitor. 

71 rpm Torque 10Ib.in. reversible 1/70th h.p. 1100 AC motor. Price: £950 + 0.80 
p&p (Total inc VAT £12.93). 
Suitable TRANSFORMER for 230-2400 AC operation. Price: f:5.78 + p&p fl 40 
(Total Inc. VAT £759). N.MS 
200 DC 200 rpm 1016An. Mf by either Parvalux or Cater. Ex-equip. tested. £11.00 
f1.50 p&p (Total inc. VAT £10931. 
730240/ AC SYNCHRONOUS. 2 rpm, 6rpm, 6 rev per day Any type. £4.80 + 50p 
p&p (Total inc. VAT £6.101 

CHECK METER 
200-240V A.C. 50amp, fully reconditioned £7.50  £1.75 p&p (Total inc. VAT 
(10.64) 

SANGAMO WESTON TIME SWITCH 
Type S251 200/250 AC ) on/2 off every 24 hours 20 amps contacts with override 
switch. Diameter  x . Pece E950  fl 50 p&p 121265 inc. VAT 4 p&p( Also 
available with solar dia R&T. Other types evadable from stock 

N.M.S.  New Manufacturers Surplus 
RAT  Reconditioned and tested 

Goods normally despatched within 7 days. 

SERVICE TRADING CO Personal callers only. Open Saturdays 

9 Little Newport Street 
57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB. Tel: 01-995 1560  London WC2H 7JJ 

ACCOUNT CUSTOMERS MIN. ORDER £10  Tel: 01-437 0576 

AL CON METERS MEASURE 
UP TO THE JOB! 

TESTER 20 
201M/V 
AC & DC 

39 RANGES 
DIODE & FUSE 
PROTECTED. 
Accuracy: d.c. ranges and 
0 2% a.c. 3% (of fed.) 

39 ranges: d.c. V *100mV, 
1.0y, 3.0V, 10V, 30V, 1005/, 300V, 1000V; 
d.c. I *50pA, 100pA, 300pA, 1.0mA, 3mA, 10mA, 30mA, 100mA, 1A, 

10A. 
a.c. V *10, 30V, 1005/, 300V, 1000V; a.c. 1 3mA, 10mA, 30mA, 100mA, 

1.0A 10A. 

O 0-5.0k0, 0-50k0, 0-500k0, 5M0, 50M0. 

dB from -1010 +61 in 5 ranges. 

Dimensions: 105 x 120)0 40mm. 

SUPER 20 
Specificabon as above but super electronically protected on ranges 

but 10A - VIRTUALLY INDESTRUCTIBLE!  E3350 

ONLY £29.75 

TESTER 50 
50KO/V 
AC & DC 

39 RANGES 
DIODE & FUSE 
PROTECTED. 

Accuracy: d.c. ranges and 
0 2% a.c.  (of f.s.d.) 
39 ranges: d.c. V *150mV, 10V, 3.0V, 105/, 30V, 100V, 300V, 1000V; 
d.c. I *20pA, 1001.1A, 300pA, 1.0rnA, 3mA, 10mA, 30mA, 100mA 1A, 

3A. ac. V 10, 305/, 100V, 300V, 1000V; ac. I *34bA. 10mA, 30mA, 
100mA, 1.0A 3.0A. 

o 0-5.0Ic0, 0-501(0, 0-5013k0, 5M0, 50M0. 
dB from -10 to +61 in 5 ranges. 

Dimensions: 105 x 1380 40/mm. 

SUPER 50 
Specification as above but super electronically protected - 
VIRTUALLY INDESTRUCTIBLE!  £36.30 

ONLY £31 

ELECTRO 
TESTER 
For the power 
man! 30A 

20KO/V 
AC & DC 

40 RANGES 
DIODE & FUSE 
PROTECTION. 
Accuracy, rtc. ranges and 
CI 2.5% a.c. 3% (of f s.d.) 
40 rammer d.c. V *100rtN, 3COmV, 1.50,3 25, 105, 0/V. 1380, 8010, 1000V; 
d.c. I *50gA, 100114,3001A, 1.0mA, 3.0mA, 10inA, 30mA, 100mA, 1.00, 6.0A, 30A. 
a.c. V *101/, 30V, 100V, 31300, 1000V; a z. 1 *3.0mA, lOrnA, 30mA, 100mA, 104. 
600, 30A 
00/7550,  0-1Mf/. 
dB* -10 to +61 in 5 ranges. 
Oirmesioas: 105 x 133 x 40mm. 

SUPER ELECTRO 
Specification as above but super electronically protected despite its high current 
capability  E35 

HIGH QUALITY TEST INSTRUMENTS AT SUPERDEAL PRICES 
EACH INSTRUMENT HAS A CLEAR MIRRORED SCALE AND COMES COMPLETE WITH A ROBUST 
CARRYING CASE, LEADS 8 INSTRUCTIONS. 
PRICES Our prices include VAT and postage and goods are normally despatched by return. 
Please write or telephone for details of these and the many other instruments in the /boon range, 
including muttimeters, components measuring, automotive and electronic instruments. 

AllICCOSt 

ONLY £32 

Instru ments Ltd. 

19 MULBERRY WALK • LONDON SW3 643Z • TEL: 01-352 1897 • TELEX: 918867 



CBM 64 
MUSIC 

KEYBOARD 
R.A.PENFOLD 

W HILE many home computers have quite complex and 
versatile sound generator circuits which are well suited 

to music making, the lack of a conventional musical 
keyboard can render even the best of home computers of 
little value to someone who wishes to use the unit as an or-
dinary instrument. Music either has to be programmed and 
then played back automatically, or the computer has to be 
played via the typewriter style keyboard. 
This problem is not insurmountable, and a conventional or 

stylus keyboard can easily be added to many home com-
puters. In this article we will be dealing with the Commodore 
64, an obvious choice due to its highly advanced sound 
generator chip, the 6581 SID (sound interface device). The 
Commodore 64 probably has the most advanced sound 

generator circuit of any current home computer. It has, 
unremarkably, three tone-channels, but has a choice of four 
vvaveforms per channel (triangle, sawtooth, variable pulse, 
and noise). The noise output has a definite pitch which can 
be varied like any of the other waveforms, and it is quite 
possible to play music using a noise waveform. Another 
feature is proper ADSR envelope shaping (although there 
are admittedly only fifteen different volume levels), and even 
such things as ring modulation and various types of filtering 
can be provided. 

KEYBOARD INTERFACING 

Two methods of interfacing a keyboard to the machine 
will be considered here. One approach is to interface the 
keyboard by way of a paddle input on one of the joystick 

VR2  VR3  VR4  VR24 

2 k 2  2k2  2k2  2k2 

Fig. 1. Circuit of the simple stylus keyboard 
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ports. Here only a stylus type keyboard is interfaced using 
this method, but precisely the same technique could easily 
be applied to a "proper" keyboard if desired. The other 
method of interfacing enables a synthesiser keyboard to be 
interfaced to the computer's user port. The CV output of the 
synthesiser (which must be of the standard 1 volt per octave 
law) is connected to the user port via what is really just a 
straightforward analogue to digital converter. Apart from 
enabling the sound generator to be played from the 
keyboard, a useful aspect of interfacing the computer to a 
synthesiser is that the audio output from the computer can 
be mixed with and used to augment the normal output of the 
synthesiser. This is especially useful with a simple single 
VCO synthesiser, but also greatly enhances a twin VCO type. 

STYLUS KEYBOARD 
The Commodore 64 has two games paddle inputs on 

each joystick port, but there are in fact only two inputs in 
total since the paddle inputs of joystick port 1 are merely 
connected in parallel with those of joystick port 2. These in-
puts are in fact provided by the 6581 SID, and are not the 
usual voltage sensitive analogue inputs. They are simple 
resistance sensitive types using a CR timing network and a 
counter circuit. In effect the CR timing circuit is used in a 
monostable multivibrator, and the counter operates for the 
duration of the output pulse.The higher the value of the tim-
ing resistor the longer the pulse length, and the higher the 
count registered by the counter. The two counters can be 
read at two registers of the 6581, and as they are 8-bit 
types the returned value is in the normal 0 to 255 range. 

COMPONENTS . 

STYLUS KEYBOARD 

Potentiometers 
VR1 to VR25  2k2 0.1 W horizontal presets (25 off) 

Miscellaneous 
Printed circuit board, available from the PE PCB Service, 
order code 506-02, 9-way D socket, test prod for stylus, 
wire, solder, etc. 
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COMPUTING PROJECT 
In this application all we have to do is to arrange the 

keyboard so that each note provides a suitable resistance at 
one of the paddle inputs. A software routine is then used to 
convert the numbers returned from the 6581 register into 
the correct notes, or to silence the sound generator when 
the keyboard is not activated and a reading of 255 is 
returned. The paddle inputs have a full scale value of around 
400k or so, which works out a little under 2k per division. In 
practice the precise full scale value will vary somewhat from 
one machine to another, and the linearity is not very good 
either. In order to obtain reliable results it is therefore 
necessary to use a series of preset resistors rather than fixed 
types so that they can be trimmed to give the required 
values. 
The circuit of the stylus keyboard is shown in Fig. 1. For 

the sake of clarity only six preset resistors in the chain of 25 
are shown. A series of 25 presets gives a range of two com-
plete octaves including semitones, but with over 200 dif-
ferent values available from a paddle input and the wide 
range of notes available from the 6581 SID (about 8 oc-
taves) a much wider compass could be covered if desired by 
using more presets and a suitably extended keyboard. It 
would obviously be quite straightforward to modify the cir-
cuit to suit a normal keyboard, with s.p.s.t. contacts being 
used to switch in the appropriate number of presets for each 
note. 

CONSTRUCTION 
Refer to Fig. 2 for details of the printed circuit board for 

the stylus keyboard. Construction is very simple with just the 
25 presets to be soldered into place, the connection to the 
stylus to be made, and the two connections to be taken to 
one of the controller ports (either port will do). The stylus can 
be an inexpensive test prod of the type sold as replacements 
for multimeters, or something like a jack plug could be used 
Probably many constructors will be able to find something 
suitable in their spares box. 

STYLUS 

PADDLE 
PORT 

PC 1626  

Fig. 2. Construction of the si mple styl 

(a) Control  Port 

POT Y 

0 
KEYBOARD 

(b) User Port 

9V87 

GNU  PC2 
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CE 1006 P80 

PB1 

PB2 

PB3 

PB4 

PBS 

PB6 

PB7 

Fig. 3. Connection details for (a) the controller port and (b) 
the user port 

The connections to the controller port are made by way of 
a piece of two way cable and a nine way D-type connec-
tor. Provided this cable is no more than about 1 metre or so 
long it should not be necessary to use a screened lead, but if 
a screened lead is used its outer braiding should connect to 
the "5V" terminal of the port, with the inner conductor carry-
ing the connection to the "POT Y" terminal. Connection 
details for the controller port are given in Fig. 3(a). 
The printed circuit board is arranged to provide two oc-

taves from E to E, but this could obviously be modified to 
suit individual requirements by those who are making their 
own board and, as explained earlier, a greater range of notes 
can be produced if more presets and "keys" are used. 

us keyboard 
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SETTING UP 
In order to facilitate setting up of the presets the following 

two line program should be entered into the computer. 
10 PRINT PEEK(54298) 
20 GOTO 10 
This merely reads the paddle port continuously, printing 

the returned values down the left hand side of the screen. 
Select the highest note using the stylus, and then adjust 
VR25 for a steady reading of 1. Then move down a note and 
adjust VR24 for a value of 2. Then move down another note 
and adjust VR23 for a reading of 3. Continue this process 
until all the presets have been adjusted in sequence, with a 
value of 25 being obtained for VR1. Note that the presets 
must be adjusted in sequence, starting with VR25 and work-
ing downwards to VR1. 

SOFT WARE 
The "POT Y" input is read at address 54298, and the 

suggested software routine in the first listing takes the 
returned value and converts it into the appropriate two 
values to give the correct note from channel 1 of the sound 
generator. Refer to the Commodore 64 manual for a full list 
of register values for the musical notes available. The pro-
gram uses the "look-up table" method, where the returned 
value points to the position of the note values in a table. If 
you try writing your own software bear in mind that a value 
of 1 is produced by the highest note, incrementing by one 
per note to 25 for the lowest note, and the note values must 
be arranged in the look-up table (the DATA statements) 
accordingly. 
The program must do more than just write the correct 

values to the frequency control registers, and the required 
waveform must be selected by POKEing the appropriate 
value to Voice Control Register 1 at address 54276. In this 
case a value of 33 is used, and a triangle waveform is ob-
tained, but any of the available waveforms can be obtained 
by using the appropriate value. Another function of the 
program, and an important one, is to provide gating of the 
sound generator. In other words, sound must only be 
produced when the stylus is on the keyboard, and not at 
other times. This is in fact not strictly true, since the sound 
generator has ADSR envelope shaping, and the sound may 

Program listing for the stylus keyboard 

i REM STYLUS INTERFACE PROGRAM 
5 DIM T< 25,1 ) 
GOSUE 1000 

10 POKE 54277,2 
20 POKE 54273: iee 
:20 POKE 54296: 15 
5e H=PEEK( 54299) 
70 IF  > 25 THEN GOTO 00 
L=Tt N, 0 ),  N, 1 ) 

110 POKE 54272: L 
12.a POKE 54272, N 
125 IF N < 28 THEN POKE 54276,33 
130 N = PEEK( 54293 
140 :F N  28 THEN 130 
150 POKE 54278.22 

C,OTO 
1000 FOR Y  1 
i9 0 REID  
1.17Y,11 NE T V 
030 RETURN 
7'090 DATA 42 29  34,22: 125: 31,165: 29: 223 
.:2ete DaTA 25: 30: 23:181,22: 96:21: 31,19: 2:39,1S: 209:'17,195, 
202,2 DATA 14,239,14,24,12,72, 12,143:11: 3"  1,43,10, ! 13 

therefore continue after the gate period has ended for a time 
dictated by the selected "release" period. The gating is ob-
tained by continuously POKEing a value of 33 to the voice 
control register when a valid note value is returned from the 
paddle port. At other times a value of 32 is written to the 
voice control register. This takes bit 0 of the register low and 
ends the gate period. 
The envelope shape for channel 1 of the sound generator 

is controlled by the two registers at addresses 54277 and 
54278. A full description of the 6581, which is a highly 
complex device, really goes well beyond the scope of this 
article.  However, the Commodore 64 Programmers 
Reference Guide which is published by Commodore gives 
full data on this device, and programming details. This 
should be considered essential reading for anyone who in-
tends to use the Commodore 64 with either of the keyboard 
systems described in this article. Facilities such as filtering 
and ring modulation have not been included in the program, 
but are something that could easily be added once you have 
mastered the basics of 6581 programming. 

SYNTH INTERFACE 

The synthesiser interface uses the analogue to digital con-
verter circuit of Fig. 4 to convert the control voltage output 
of the synthesiser to a value that can be read via the user 
port. The control voltage output of a synthesiser, provided it 
is a standard one volt per octave type, is equal to a certain 
potential per note. In fact it increments by a little under 100 
millivolts per note. This is very convenient for the current ap-
plication since we can arrange things so that a value of 1 is 
obtained for the first note, 2 for the second, and so on. 
The converter circuit is very straightforward, and is based 

on a ZN449 eight bit successive approximation device. In 
fact only six bits are used here, giving a maximum range of 
over five octaves, which is adequate in practice, and is likely 
to be far more than the synthesiser's keyboard is capable of 
providing. There are more accurate and expensive versions 
of the ZN449 (namely the ZN448 and ZN447), but as the 
converter is effectively a 6-bit type in this application there 
would be no advantage in using one of the more accurate 
devices. 
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100p T OOn 

PE10114 

Fig. 4. The synthesiser interface circuit diagram 

A negative supply is required for the discrete "tail" 
resistor (R2) in the comparator stage of the converter, and 
although the user port does not provide a negative supply it 
is quite easy to generate one from one of the 9 volt a.c. out-
puts that are available. This is achieved using the simple 
rectifier and smoothing circuit based on D1 and D2. 
The ZN449 has a built-in clock oscillator which requires 

just one external capacitor to set its operating frequency. In 
this circuit C3 is the clock oscillator's timing capacitor and 
its value of 220p sets the operating frequency at about 
400kHz. This gives a conversion time of approximately'22.5 
microseconds, which is more than adequate for this applica-
tion. The digital to analogue converter section of IC1 has a 
built-in 2.55 volt reference voltage source, but this requires 
discrete load resistor R3 and decoupling capacitor C4. 
As the converter has a full scale input voltage of nominally 

2.55 volts, but a synthesiser covering the maximum five-
and-a-bit octave range would give a maximum potential of 
just over 5 volts, the input voltage must be attenuated 
somewhat. This attenuation is provided by VR2, and this 
preset control is adju4ted to bring the full scale input voltage 
of the circuit to precisely the correct level. The ZN449 re-
quires a discrete zero offset circuit in order to give good ac-
curacy at low input voltages, and the necessary positive bias 
is provided by VR1 and R4. VR1 is adjusted to optimise 
accuracy. 
To produce a conversion a negative pulse must be sup-

plied to the "start conversion" input at pin 4 of IC1. In this 
case the PC2 handshake line is used to provide the pulse, 
and this gives a negative pulse of about 11.is in duration im-
mediately following any read or write operation to the eight 
data lines of the user port. If a continuous stream of readings 
are  taken  the  start conversion pulses  are produced 
automatically after each reading is taken, but where 
necessary a dummy read or write operation can be used to 
initiate a conversion. When using BASIC the relative 
slowness of this language ensures that a conversion is 
always completed before a reading is taken. However, when 
using machine code a delay of at least 25lis should be 
allowed between readings to ensure that the converter 
always has time to produce a valid reading. 
Transistor TR1 is an inverter stage which processes the 

gate output signal of the synthesiser to give a negative gate 

pulse that will reliably drive the PB7 input of the user port. 
Lines PBO to PB5 are fed with the six (used) outputs of the 
analogue to digital converter, and the unused data line PB6 
is simply connected to earth. A returned value of 128 or 

COMPONENTS . 

SYNTH INTERFACE 

Resistors 
R1  680 
R2  150k 
R3  390 
R4  390k 
R5  1k 
R6  8k2 
87  4k7 
All -1W 5% carbon 

Potentiometers 
VR1  1M 0.1 W horizontal preset 
VR2  10k 0.1 W horizontal preset 

Capacitors 
C1,C2 4µ7 63V radial elect. 12 off) 
C3  220p ceramic plate 
C4  1µ 63V radial elect. 
C5  100m 10V radial elect 
C6  100n ceramic 

Semiconductors 
IC1  ZN449 
181  BC549 
01,2  1N4148 (2 off) 

Miscellaneous 
SK1,SK2 standard jack sockets 12 off) 
2 by 12 way 0-156 inch pitch edge connector, small 
plastic or metal case, printed circuit board, available from 
the PE PCB Service, order code 506-03, 18 pin d.i.l. i.c. 
holder, ribbon cable, wire, solder, etc. 
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more thus indicates that no key is depressed, when a key is 
operated a value of 1 to 63 is obtained, indicating which key 
has been operated. Of course, in most cases the keyboard 
will cover a range of no more than three octaves, giving a 
maximum note value of 37 or less. 

CONSTRUCTION 
All the components are accommodated by a small and 

easily constructed printed circuit board, as shown in Fig. 5. 
Connections to the user port of the computer are carried via 
a piece of 12-way ribbon cable about 0.5 to 1 metre long. 
This has its free end fitted with a 0.15 inch pitch, 2 by 12 
way edge connector. Details of the connections to this are 
shown in Fig. 3(b). As the edge connector is unlikely to have 
a polarising key it essential to make sure that it is connected 
to the computer the right way round, and it is advisable to 
clearly label the "top" and "bottom" edges of the connector. 
The completed board is mounted in a small plastic or 

metal case after first wiring it to SK1 and SK2 which are 
mounted on the front panel. An exit hole for the ribbon cable 
must be cut or filed in the rear of the case unless a suitable 

gap can be found. 

IN USE 
Sockets SK1 and SK2 respectively connect to the CV 

OUT and GATE or TRIG OUT sockets of the synthesiser by 
way of the usual screened jack leads. Start with VR1 and 
VR2 set at roughly mid point and then enter the simple two 
line test program that follows. 
10 PRINT PEEK(56577) 
20 goto 10 

Depressing a key of the synthesiser should produce a 
returned value of between 1 and 63. If the synthesiser has 
(say) 37 keys, operate the highest key and adjust VR2 to 
produce a stable reading of 37. Then operate the lowest key. 
This may give a steady reading of 1, and in this case no 
further adjustment of the unit is likely to be needed, with 
each key returning the correct value. If a reading other than 
1 is obtained, trim VR1 to produce the correct reading. Then 
operate the highest key again and, if necessary, adjust VR2 
for the correct reading again. This process should be con-
tinued until the interface tracks properly over the full range 
of notes covered by the synthesiser. 

Program listing for the 

synthesiser interface 

I REM :SYNTH INTERFACE PROGRAM 
5 DIM 71.37,1 ) 
Gnsuo 

13 POKE 54277,3 
22 POKE 54278,168 

1-'0KE 34296,15 
'43 N=F'EEK( 5G577:. 
73 IF N > 37 THEN COTO 6i2! 
32 N  PEEK( 5E577) 
120  N 0  H=1". N, 1) 
113 POKE 54273, L 
1g POKE 54272, H 
125 IF N ( 33 T!-ZN POr. E 5427E7: 2,2 
130 N = PEEK< 56577 ) 
143 IF N  28 THEN 1212 
150 POKE 54276,32 

';o70 6E. 
1000 72R V = 1 TO 37 
1312 READ T( V, 20, T( V, 1 ) 
1323 NEXT V 
113:::13 RETUPN 
2i3 M DATA  , 22ff, 3,134,9,247,10,143: 11, 40,11, 212,12,14'...:  21 
2010 DATA ler: 3.33: 15,210: 16: 197: 17,13f. 13: 209: 19,239: 21: 31 -  22 101 
."417;7! DATA -2:t :20,2.2 156,26,45,25,223,31,165,23: 105: 35,124: 27,162: 25: 222 
TO20 DRTA 42,62,44,153,47: 137.50.  ..53 57. 56: 95,59 .  ci,c2.7 Xz7., 15 

P67 

PB6 
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PB3 

PB2  4  
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Fig. 5. Construction of the interface p.c.b. 

SOFT WARE 
Although it is possible to play faster using a proper 

keyboard than it is when using a stylus type, a BASIC 
program seems to give a perfectly adequate speed for use 
with the synthesiser interface, and it is not essential to resort 
to a machine code program. The second listing is suitable, 
and this is a slightly revised version of the stylus keyboard 
listing described earlier. The main differences are that the 
keyboard values are obtained from a different address 
(56577), and that a range of 37 notes from C to C are 
covered. 
As was the case with the stylus keyboard listing, the 

program is only intended as a starting point, and refinements 
such as switching up or down one or two octaves, waveform 
selection, etc. could be incorporated. With this type of pro-
ject there is almost unlimited scope for anyone wishing to 
develop sophisticated supporting software. 
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all in you 

In this second part we look at 
current  design  techniques 
and typical circuit elements. 
The all important  British 
Telecom "Approved Design" 
specification for construction 
and connection will also be 
dealt with. 

issue! 

Projector and photo-flood lamps have a very 
short life, and are expensive to replace. This 
project reduces the switch-on current surge, 
so extending the life of the lamp: the savings 
made in this way mean that the circuit will pay 
for itself many times over. 
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QUASARS 

In July last year I wrote about the great 
quasar problem. Are these enigmatical objects 
really as remote and as luminous as their spec-
tral red shifts indicate, or are they much 
closer, so that the red shifts are misleading? 
Almost all astronomers favour the first 

view, but there are some dissentients, notably 
Sir Fred Hoyle in Britain and Dr. Halton Arp 
in the United States. Arp has long maintained 
that quasars are associated with relatively 
nearby galaxies, so that their red shifts are not 
'cosmological', though even in this case the 
quasars would still be millions of light-years 
away. 
Dr. Arp has published lists of aligned 

galaxies and quasars which have different red 
shifts. He has now announced the detection of 
a third quasar close to the galaxy NGC 3842. 
Two quasars in this area were already known, 
and the third also lies within 73 seconds of arc 
of the galaxy. He considers that this is too im-
probable to be a coincidence unless there is a 
real association. 

However, there remains the fact that if 
quasars were ejected from galaxies, some of 
them ought to be moving toward us, so that 
the shifts in the lines in their spectra would be 
to the blue or short-wave end —and up to now 
no blue-shifted quazar has been found. Until, 
or unless, this happens, it is likely that most 
authorities will continue to believe that the red 
shifts really are reliable guides to the quasar 
distances. 
Much has been heard recently about the 

possibility of collisions between the Earth and 
solid bodies from space. Of course many 
meteorite falls have been seen, but there have 
been no trustworthy reports of any human 
death due to such an event. However, within 
the last few months there have been a couple 
of "near misses". On 30 September 1984 a 
meteorite —or a fragment of a meteorite — 
landed only a dozen feet away from two sun-
bathers in Perth, in Australia, while on 10 
December a meteorite crashed into a postbox 
at Claxton, in Georgia, less than 150 feet 
away from the nearest observer. Both 
meteorites were recovered and analysed; both 
are of the type known as chondrites. 

PLUTO 
Pluto is often termed "the outermost 

planet". True, its mean distance from the Sun 
is much greater than that of Neptune, but its 
comparatively eccentric orbit means that 
when near perihelion it is closer-in. Perihelion 
is due in 1989, so that between 1979 and 1999 
Pluto is moving within the orbit of Neptune — 
though there is no fear of a collision, because 
Pluto's orbit is also tilted at the unusually 
sharp angle (for a planet) of 17 degrees. 
Pluto was discovered in 1930 by Clyde 

Tombaugh, then a young student but now one 
of America's most senior and respected 
astronomers. The discovery was made at the 
Lowell Observatory, Flagstaff, and was the 
result of a deliberate hunt. Percival - Lowell, 

THE SKY THIS M ONTH 
Both the really brilliant planets are on view this month, 

though not in the evenings. Venus is a morning object in 
the Eastern sky; it reaches its greatest brilliancy 
( magnitude  42) on May 9. It will then be less than 30 
per cent illuminated, and any small telescope —or even 
good binoculars —will show its crescent form. It will not 
reach dichotomy, or half-phase, until mid-June, but it 
will then be further away from us, and the apparent 
diameter will be less —which more than compensates for 
the extra amount of sunlit hemisphere turned in our 

direction. 
Jupiter, in Capricomus, is visible for several hours in 

the South-East before dawn. Saturn, in Libra, reaches 
opposition on May 15 and so is above the horizon 
throughout the hours of darkness; its magnitude is 0.2, 
only very slightly fainter than Vega or Capella, and the 
rings are wide open. 
Of the other planets. Mars is being lost in the evening 

twilight, and as its apparent diameter is now less than 
4 seconds of arc no telescope will show much surface 
detail, while Mercury is well South of the celestial 
equator and is not likely to be seen with the naked eye. 
The Moon was full on 4 May, and will be new on 19 

May. There will be a, partial eclipse of the Sun on the 
19th, when 84 per cent of the bright disk will be hidden, 
but the eclipse is not visible from anywhere in Britain. 

who had died in 1916, had worked out the 
possible position of a new planet from small 
irregularities in the movements of Neptune 
and Uranus; Pluto turned up not very far from 
the predicted place. Yet it was a puzzle from 
the start. We now know it to be smaller than 
the Moon, with a mass so low that it could not 
possibly produce any measurable perturba-
tions in the motions of giants such as Neptune 
and Uranus. Either Lowell's fairly accurate 
position was a sheer fluke, or else the real 
"Planet X" remains to be discovered. 

In 1977 it was found that Pluto is not a 
solitary wanderer in space; it is attended by a 
satellite, now called Charon, with a diameter 
about one-third that of Pluto itself. Moreover, 
the situation is unique inasmuch as Charon 
has a revolution period of 6.3 days —and this 
is the same as that of Pluto's axial rotation, so 
that to an observer on Pluto, Charon would_ _ 
appear motionless in the sky. 
It has been predicted-That at some time 

around the mid-1980s there would be mutual 
occultations of Pluto by Charon and vice 
versa, and that these might be detectable by a 
drop in the total magnitude —remembering 
that in normal telescopes Pluto and Charon 
appear as a single point; to see them 
separately requires electronic equipment used 
with a giant telescope. It now seems that these 
predicted phenomena have star,ted. The first 
event was noted by R. Binzel and E. Tedesco, 
of the Jet Propulsion Laboratory, on 16 
January, and the second was in February, 
noted on the 17th by Binzel and on the 20th 
by D. Tholen of the University of Hawaii. 
The change in brightness is very slight, 

amounting to no more than 0.04 of a 
magnitude, but it is quite definite. The 
telescopes used were the reflectors at Palomar, 
the McDonald Observatory in Texas, and the 
2.2-metre instrument on Mauna Kea. 
There seems no reasonable doubt that 

mutual occultations are responsible, and it 

Orion has now disappeared, but the other famous 
'guide', Ursa Major, is almost overhead; almost everyone 
can recognize the seven stars making up the pattern 
nicknamed the Plough or the Big Dipper. Following 
round the curved line of the Bear leads to Arcturus, the 
lovely orange star which is actually the brightest star 
visible from Britain apart from Sirius; it is one of only 
four stars which are above magnitude zero —the other 
three being Sirius. Canopus and Alpha Centauri. 
Continuing the line leads to Spica in Virgo, which is a 

white first-magnitude star; the rest of Virgo is made up 
of a somewhat Y-shaped pattern of stars, one of which 
(Gamma Virginis), at the base of the V. is a well-known 
binary with almost equal components. It used to be very 
wide and easy, but it is closing up, and by the end of the 
century it will appear single  except with large 
telescopes. 
Below Spica is the well-marked quadrilateral making 

up Corvus, the Crow. Leo, the Lion, is dropping in the 
West, while the brilliant blue Vega is gaining altitude in 
the East. Later in the night Scorpius, the Scorpion, will 
be visible, low in the South-East, led by the red 
sup ergiant Antares. Scorpius is a magnificent constella-
tion, but it is too far South to be properly appreciated 
from Britain, and the prominent "sting" barely rises even 
from South England. 
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also seems that the eccentricity of Charon's 
orbit is very low. It is thought that even more 
marked events will be seen in future months, 
and they will be of great importance, as they 
will lead to better determinations of the sizes 
and masses of the two bodies. 

FREE ORBIT 

But can Pluto be regarded as a true planet? 
It does not seem to fit into the general pattern 
of the Solar System, and there are good 
grounds for demoting it from its planetary 
status, particularly in view of the 1977 dis-
covery of what seems to be a large asteroid, 
Chiron (not to be confused with Charon) 
which spends most of its time between the 
orbits of Saturn and Uranus. 
In 1936 R. A. Lyttleton suggested that 

Pluto used to be a satellite of Neptune, and 
broke free to move off in an independent path. 
Perhaps significantly, Neptune's remaining 
large satellite, Triton, has a retrograde orbit, 

and seems to be larger and more massive than 
Pluto; it is thought to have an icy surface, 
possibly with oceans of liquid nitrogen or 
methane. According to Lyttleton's theory, in-
teractions between Pluto and Triton led to the 
expulsion of Pluto from the Neptunian system, 
and the forcing of Triton into a retrograde 
orbit. 
Unfortunately  there  are  serious 

mathematical objections, and the discovery of 
Charon has made them worse, so that most 
astronomers regard the theory as untenable. A 
new suggestion has now come from W. B. 
McKinnon of Washington. This time Pluto 
and Triton are assumed to have had original 
orbits round the Sun, and Triton was captured 
by Neptune, with Pluto not involved at all. 
This too seems to have drawbacks, as the 

capture of Triton would involve a very special 
set of circumstances, but it cannot be ruled 
out. On the other hand, it may well be that 
there are many asteroid-sized bodies in the far 
reaches of the Solar System, in which case 

Pluto may be merely the brightest of them--
though admittedly this does not explain why 
Triton, alone among large satellites, has an or-
bital motion opposite to that of the axial spin 
of its primary planet. 
Perhaps Planet X, if it exists, will throw 

new light on the problem. Unfortunately none 
of the probes now moving outward from 
the Sun will go anywhere near Pluto, but 
Voyager 2 is scheduled to by-pass Neptune 
and Triton in 1989, so we may have new 
information then. 

HALLEY UPDATE 

Halley's Comet is brightening steadily, and 
has now been seen visually with large 
telescopes, but it will be lost during June, when 
it is in conjunction with the Sun. Regular ob-
servations by amateur observers are unlikely 
to begin before August, when the magnitude 
will rise to about 13 and the comet will be a 
morning object in Orion. 

FREE! READERS' ADVERTISE MENT SERVICE 
PE 

EX navy oscilloscope, 41" twin trace with 
cathode follower probe operating and servicing 
manual £75. G. H. Putterill. 051 487 8318. 
CASIO keyboard PT50 for sale. Very good con-
dition. Boxed with manual. £75.00 including 
p&p o.n.o. Mr. N. Armstrong, 2 Allendale Road, 
Harraby, Carlisle, Cumbria CA1 3SJ. 
KODE Datavet p.s.u. seven outputs 4- 5V(3), 
-9V(1),  +12V(2),  +30V(1). 27 amps total. 
Good working order. £35. C. Hellen, Vine Cot-
tage, Main Road, Alresford, Colchester, Essex. 
Tel: Wivenhoe (020622) 5671. 
AMSTRAD CPC464 almost new. Few books & 
magazines.  Need to sell fast hence £200. 
Telephone 0908 664708. 
W ANTED i.c. and/or replacement data for 
MFC4060A and TDB 1033. E. Turner, 38 North 
Drive, Orpington, Kent B R6 9PQ. 
UK101 (48K) 8 inch disk drives (2) + Cegmon + 
Eprom blower plus . . . £300. Telephone 
(weekends) 061-273 8364. 
100 untested 2W Zener diodes 75p + postage. 
Wanted plug-in Teletext unit. J. Fulton, Derry-
naseer, Dromore, Co. Tyrone BT78 3BE. 
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13 reels unused. Tandberg T.G.B. sound tapes 
1,800 ft. long play, 7" reels. Offers plus postage. 
L. T. Hill, 14 Rothesay Terrace, Bedlington, 
Northumberland. 
EPSON FX80 printer as new. Paper interface 
lead manual cover in carton. £350. Mahen, 241 
Norbury Crescent, London SW16 4LF. Tel: 01-
764 0839. 
STRAIN gauge amplifier type 605A. High grain 
amp in diecast box, switched gain, 12 volts d.c. 
£3 inc. p&p. Mr. Wyer, 2 St. Edmund Place, 
Dundee, Scotland. 
GAMES boards Z80 lots TTL 2716 ram £14. 
Two each Z80 sound 8255 £22, 2708 20p. Mr. 
D. J. Lakey, Orchard Cottage, Draycott Road, 
Blockley, Glos. GL56 9DY. 
W ANTED UK101s in working order uncased 
unexpended preferred reasonable price paid. P. 
B. Unstead, Threeways, Hambro Hill, Rayleigh, 
Essex. Tel: 0268 743113. 
FOR sale: volumes 1 & 2 of J. Atkinson's book: 
'Telephony' (Pitman Publishing Ltd.) £50 in-
cluding p&p. Mohammad Ammar Alsalka, PO 
Box 12579, Damascus, Syria. 

48K TRS-80 III, 1-disk, high-res, board, thermal 
printer, CGP-115 plotter -software + manuals. 
Home/business system.  £1500 o.n.o.  Nigel 
Crook, Stoney Lane, Ambleside, Cumbria LA22 
9AZ. Tel: 0966 33441 (after 6pm). 
W ANTED RS232 interface with documentation 
for ZX81. Price negotiable. Mr. P. Feetenby, 6 
Tewin Close, St. Albans, Herts. A L4 9XL. Tel: 
0727 38563. 
DETAILS to convert Grundig super colour 
A2102 C.T.V. for R.G.B. input required. Any help 
appreciated. Joseph Conroy, 2 Annalee Park, 
Butlers Bridge, Co. Cavan, Rep. of Ireland. 
74 LS783 and 2764, £4 each. £35/10. 6809E 
£3.50 each. £30/10. Small quantity. First come, 
first served. Nil Spiers, 114 Greenway, Tunbridge 
Wells, Kent TN2 3JN. 
FOR sale broken LP3 logic probe. NO CCT 
diagram. Cost £54. Will accept £20. No offers. P. 
Moane, 11 Milverton Terrace, London NW6. 
TVVO Apple II disc drivers + interface. Open to 
reasonable offers or deals. A reasonable os-
cilloscope preferred. R. Harvey, 24b Warwick 
Road, Keynsham, Bristol BS18 2PW. 

Please publish the following small ad. FREE in the next available 
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have read the rules. I enclose a cut-out valid date corner. 
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3,5e /to1/0 forum,. 
IN RESPONSE to reader enquiries, I shall be 
bending the column's rules slightly this 
month by starting with a "longish" listing. 
This is an interrupt-driven routine for last 
month's numeric keypad. Then, as promised 
last month, a real time clock for connection to 
the user port will be presented. 

KEYPAD DRIVER ROUTINE 
The keyboard test program given last 

month has a number of drawbacks in practical 
use. The major snag is that any program using 
the keypad must include the software to set up 
the user port, and must then test the keypad 
for key depressions whenever any user input is 
expected. This all becomes extremely tedious, 
especially if the user is to be allowed to use 
either the micro's keyboard or the numeric 
keypad. What we really want is for user 
programs to be unaware of whether, for ex-
ample, the "5" key has been pressed on the 
keyboard or keypad; and preferably to be un-
aware that the extra keypad is fitted at all. 
Having said what we want to be able to do, 

the next step is to formulate a strategy. In 
general, the steps we need to follow are 
described as follows: 
Set up: 
(a) Configure the keypad unit to signal the 
user VIA whenever a key is pressed. 

(b) Install an interrupt service routine in the 
micro to handle interrupts from the user 
VIA. 

(c) Identify this user interrupt service routine 
to the MOS. 

(d).Configilre the user VIA to interrupt the 
micro whenever a key is pressed. 

Then: 
(e) Whenever a user interrupt occurs, and the 
service routine is called by the MOS, check 
whether the interrupt came from the 
keypad. If so, identify the key pressed and 
insert the corresponding ASCII code(s) 
into the keyboard input buffer; if not, pass 
the interrupt back to the MOS. 
Now, provided that the interrupt service 

routine is located so that it does not affect the 
normal loading and running of programs, the 
keypad will behave as if it is an integral part of 
the standard keyboard. So much for the 
theory, but how do we achieve any or all of 
this in practice? 

HIDING PLACE 
The only change required to the keypad cir-

cuit given last month is to add a link between 
pins 14 and 4 on the user port, i.e. connect the 
Data Available signal to CB2. This extra link 

David Whitfield MA MSc CEng M EE 

satisfies (a) above; all of the other require-
ments involve software. First, however, we 
need to find somewhere to 'hide' the interrupt 
software. This is not usually too much of a 
problem because the lower part of the micro's 
memory (i.e. below PAGE) has a number of 
reserved areas, and we can usually find one of 
these spare. Memory pages which are can-
didates for locating the keypad software are 
given in Table 1. In a cassette machine, there 
is a further area available between ODOO and 
OD9E; this is normally reserved for NMI 
handling, but NMIs are only used by the disc 
interface. 
In a disc-based machine which does not use 

the RS423 port, for example, page A (i.e. the 
256 bytes starting at 0A00) will be unused, 
and is suitable for storing the keypad routine. 
The actual selection of the space to be used 
will rather depend on your micro's expansion 
state, and the facilities which you wish to use 
at the same time as the keypad. Listing 1 uses 
the page starting at 0A00, but this may be 
altered simply by changing the value in line 
100. 
Once the program in Listing 1 has been 

typed in. save a copy before running it; 
machine code interrupt programs with bugs in 
them have a nasty habit of completely 
crashing the system! When you run the 
program, an assembler listing will be 
produced. If the program produces no errors 
when run, the keypad will be active, and you 
can carry on and use the micro as if it had 

10 IRB-&F860 
20 DDRB-8FE62 

30 PCR-SFE6C 
40 IntF1as-8FE6D 

50 IntEnab...8FE6E 
60 IRQ2V-8206 
70 OSBYTE-4.FFF4 
80 KEYBUFF-0 

90 INSERT-88A 
100 vector-8.A00 

110 FOR A.0 703 STEP3 
120  PX.vector.2 
130  (OPT A 
140  .setup SEI 

150  LDA IRQ2V 
160  STA vector 

170  LDA IRQ2V.1 
180  STA vector.1 
190  LDA *int M00256 
200  STA IRQ2V 
210  LDA tint 0IV256 
220  STA IRQ2V+1 
230  LDA *0 
240  STA DDRB 

250  LDA PCR 
260  AND *80F 

270  ORA *940 
280  STA PCR 

290  LDA *888 
300  STA IntEnab 
310  CLI:RTS 

320  .int 
330  LDA 8FC 
340  PHA:TXA:PHA 

350  TYA: PHA 
360  LDA IntFlag 

370  ROL A 
380  BCS VIAint 
390  NOR A 
400  JMP exit 

410  .VIAint 
420  NOR A 
430  AND #908 
440  BEQ exit 
450  LDA IRB 

460  AND *8.0F 
470  ADC *48 
480  CMP 4958 
490  BMI dec 

500  ADC *06 
510  .dec  TAY 
520  LDA.SINSERT 

530  LDX *KEYBUFF 
540  JSR OSBYTE 
550  .exit 
560  PLA:TAY:PLA 

570  TAX:PLA 

580  STA 8.FC 
590  JMP (vector) 
600  ] NEXT A 

610 CALL setup 
620 END 

Listing 1. Machine code keypad routine 

always been fitted with a keypad. To de-
activate the keypad, the easiest way is to press 
BREAK, which will restore the initial state of 
the user IRQ vector (IRQ2V). Alternatively, 
restore the original value of IRQ2V which the 
program stores in the two-byte area starting at 
"vector". For those interested in the workings 
of the routine, a summary is given in Table 2; 
the voluminous comments in the original 
listing have been stripped off in the interests of 
economy of space. 
As mentioned last month, the keypad could 

be re-programmed so that the keys have 
special meanings other than their engraved 
numbers. This involves changing/extending 
the code between lines 450 and 540 to insert 
the required character string (corresponding to 
the key pressed) into the keyboard input buf-
fer, instead of a single ASCII value. Remem-
ber, however, that the string should not cause 
the keyboard input buffer to overflow (it is 
only 32 characters long). My own favourite 
use of the keypad is to re-program the keys for 
filing system commands. Any suggesttans-rd— 
novel applications are always welcome at 
"BBC Micro Forum Letters". 

REAL TIME CLOCK 
Because of the "Welcome" software readers 

will be aware that the BBC Micro includes 
some basic timing facilities. If watched for any 
length of time, however, it is clear that this 
software "clock" is not absolutely accurate, 
particularly when discs are in use. In practice, 
the TIME variable is an elapsed time counter, 
based on the system VIA, which is started 
when the micro is switched on, and then up-
dated every 10ms. The count is affected by the 
disc interface because this uses non-maskable 
interrupts which delay the response to IRQ in-

Lines  Actions 
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Table 2. Program Structure 
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terrupts. The other problem, in addition to ac-
curacy, is that the software clock is reset every 
time the micro is switched on. 
The real-time clock to be described over-

comes these problems affecting the micro's 
TIME facility because it is a hardware rather 
than software clock. It consists of a special 
purpose i.c., similar in many respects to a 
digital watch, and features a backup battery to 
maintain the time even when the micro is 
switched off. The completed unit can be built 
for around £15. 
The circuit for the complete real time clock 

is shown in Fig. 1. At the heart of the unit is 
the MM58174 clock i.c. (also available from 
RS as 304-548). The i.c. uses a low cost 
32.768kHz crystal for timekeeping, with fine 
time adjustment provided by the trimmer 
capacitor. The signal produced by the os-
cillator stage is passed to a series of dividers, 
which in turn produce tenths, units and tens of 
seconds, units and tens of minutes, units and 
tens of hours, units and tens of days, units and 
tens of months. In addition, the divider chain 
also keeps track of the leap year cycle and the 
day of the week. A series of 16 registers serve 
to hold the time information and to control the 
operation of the clock, as shown in Table 3. 
The nominal 3.6 volt 100mAh p.c.b. bat-

tery is a widely available low cost item (e.g. 
RS 591-477). When fully charged, the battery 
has enough capacity to keep the clock going 
for two to three months after the micro is 
switched off, or after the unit is disconnected. 
Switch-over to the low power standby mode of 
operation is automatically performed by the 
i.c. when the supply voltage falls below 4.0 
volts. The battery is topped up by being trickle 
charged whenever power is available from the 
micro. 
The negative write strobe is required by the 

i.c. only when setting up the clock registers in-
itially. Therefore, and because I/O lines on the 
user VIA are limited, steering logic has been 

+5V  3:— /  

CB2  40  

2k2  262 

PBO  60  
PB1  80  

P82 100  
PB3 120  
PE14 140  

PE15 160  

PI36 160  

PB7 200  

CBI  20  

WRITE 

used to allow manual switching between the 
read and write modes. Although not the mist 
elegant approach, this does avoid much com-
plicated latching. The manual switch-over is 
only necessary during initial setting up, and 
thereafter all operations involve only reading 
from the clock. An alternative approach to 
this problem will be described in a future 
column (when a clock for connection to the 
IMHz bus will be described), but for the pre-
sent this simple interface will be quite ade-
quate for most applications. The single tran-
sistor connected to the negative chip select line 
provides an active logic 0 source, and allows 
the i.c. to function correctly in standby mode. 
The prototype unit was built on a small 

piece of veroboard and connected to the micro 
via the usual 20-way cable, with a plug and 
socket arrangement at each end. The clock 
and logic i.c.s are static-sensitive, and so were 
fitted in d.i.l. sockets. The link shown on the 
circuit should only be made after the i.c.s have 
been installed in their sockets, but with the 
unit disconnected from the micro. The link 
also allows the standby current to be 
measured, and should be less than approxi-
mately 50µA. No other special constructional 
considerations apply. The fine adjustment of 
time allowed by the trimmer capacitor allows 
the clock to be speeded up by reducing the 
Capacitance (vanes open on the trimmer). 
Conversely, increasing the capacitance will 
slow down the clock. The effect of adjusting 
the trimmer will, however, take a number of 
days to become noticeable; start with it at the 
half-meshed position. 

SETTING UP 
When the unit is powered up, it is necessary 

to enter the correct time into the registers, and 
then start the clock running. In practice the 
process is a little more complex than as just 
described. 

Fig. 1. Real Time Clock Unit 
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First the clock must be set in normal mode 
(write a 0 to register 0), the clock stopped 
(write 0 to register 14), and the interrupt latch 
cleared (write a 0 to register 15, and then read 
this same register back three times). The 
seconds, minutes, hours, days and months 
counters are then each loaded with the start 
time data. The year status register (13) should 
be set to 8 for a leap year, 4 for the 2nd year, 
2 for the 3rd year, and 1 for the 4th year in the 
leap year cycle. Finally, the day of the week 
register (10) counts continuously from 1 to 7, 
and should be set to an appropriate value (e.g. 
Monday = I). 
In order to write a value to a register, the 

mode switch must be set to write, the data to 
be entered must be set up on the 4-bit data 
bus, the address in Table 3 must be set up on 
the 4-bit address bus, and a negative write 
strobe given. All registers are set up in the 
same way, and the clock is then started at the 
required instant by writing a logic 1 to register 
14. Once the clock has been started, the mode 
switch should be returned to the read position. 
Data may then be read back from the time 
registers by setting up the register address and 
applying a negative read strobe. Should the 
clock be read while the registers are being up-
dated, a code of '1111' will be returned to in-
dicate that the time must be re-read. 
A final note of warning, programs written 

in BASIC will not run fast enough to allow a 
continuous display of time and allow the clock 
to keep accurate time; something which you 
may otherwise find out the hard way (I did!). 

NEXT MONTH 
NEXT MONTH BBC Forum will include 

software for setting up and reading the real-
time clock, and will be starting to look at the 
analogue port. 

Table 1. Memory Assignments 

0000-0AFF 

OBOO-OBFF  

0000-0CFF  -  I 

+5V. 1 
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SKYE31:110GE 
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Mail order 

441 PR NCES ROAD, ,.__ ORDERING INFORMATION: ., 
,-...  fu I spec & guaranteed. 

phone for price. 

91454 
All components 
co mponents 

& shop: 
= CZ = ,.....-, ,  / 

Il ll . ., 
r- -.., 

• 

DARTFORD, 
P/P 50p 

Discounts anal 
Goods normally despatched 

KENT DA1 
on orders less 

able on orders over 
by return 

1RB Telephone: (0322) 
than £20 in value otherwise post free. 
MO - phone for details. For unlisted 
post. 

cABLE Per metre ving, ties, fixings 22/16  10p 10M  200p BNC square D-type n ang. skt FUSEVVARE Range of heat Round 12" TRANS 
wire w rap  89 in stock-Phone for 22/25  10p 18.432M  270p ski  100p 15 W  pea 20mm panel sinks available - 60,Ar  2862P FORMERS 
Red/white/black details. 22/35 ....  11p 26.50M  200P BNC free skt .110p D-type n ang. skt holder  45p Phone for quo- Round 12" 6-0-6 V, 100mA 
solid   1/.6 22/63 - • • •  16P 26 .59M -  200P BNC str. adapt. 25 W  pea 11/4 " panel lotion. 100W  4073p 167p 
11 colours  4p CAPACITORS 47/10 ,,  10p 26.64M  200p 140p 0-type rt ang. plug holder  59p SPEAKERS Round 12" 6-0-6 V, 
Hook-up  7/.2 Plate ceramic 47/16  11p 26.69M  2009 BNC T adapt. 300p SW  pea 20mm chassis Miniature buzzer 150W   4336P 250mA  165p 
11 colours  3p 
Heavy duty ..32/.2 

1.8pF - 22nF ..8p 
Disc 

47/25  139 
47/35  15p 

. 
26.79M  200p IY'LH2P5.4'iug   50p 

D-type n ang plug 
15 W  pea 

holder  I4p 
114" chassis 

6V or 12V ....90p 
ultrasonic 

Round 15' 

15°W  "56°  
9-0-9 V, 
IMTA  M R 

4 colours  169 
Extraflex 

10pF  10P 
47pF   15p 

47/63  249 
100/10  11p 

26 8M  .200p 
26.995M  200p 

Small reducer .20p 
Large reducer .20p 

0-type rt ang, plug 
25 W  pea 

.i,„ 
holder   "P 
Line holder  14p 

....600p 
transducers Round 15" 

203W  8735 P 
9-0-9 V, 
253mA  186p 

red/black  15p 
Tinned copper per 

100pF  I5p 
470pF  150 

100/16  139 
100/25  159 

27.045M .  200p 
27.095M  200p 

PL2-59 rt.ang. .909 
VHF round skt.509 

cneere  9  120p 
Conan 15.  120p 

Fuse clips  3p 
20mioam_ mAIug:33A,A  ELpfi heal 5"x3'' .P.Pr 

lePPIlioptical 

Round 18" 
 C1013 

12-0-12 V, 
50mA   156p 

40z reel 
SWG16   
SWG18   SWG20  881/: 

95P 

10013pF  IIP 
10 gF   
.0  F  110  SP 

5P 

100/35  I9p 
100/63   
220/16  15p 220/25  259 

20p 

27.145M  200p 
27.195M  .200p 
27.245M  200p 
27.255M  200p 

VHFsguare Skt 50p 
Ebow adapt,  pea 
Straight adapt. SOP 
VHF T adapt 160p 

Covers 25.  130p 
Latches  9  30 ,3 

Latches 15   50p 
Latches 25 

250rnA, 500mA, 
1A, 1.5A. 2A, 3A. 

Sp 5A  'R 

6" x4" .... 
24, 

Elliptical 7"x4"... 
3I4p 

Motorola piens 
tweeters 2' ..231p 

 857p 

12-0-12 V, 
100mA  17Ip 
12-0-12 V, 
2E0mA  188p 

SWG22  96p 
SWG24  95p 
En copper per 20: 

.0479F  80 

. 9  8P 

.479F  150 

220/36  23p 
220/63  33p 
470/16  23p 

CONNECTORS 
Croc clips  10p 

Female T 
ada_pt  18°P 
XLR line plug 1133p 

 60p 
Power plug 
21mm  Thp  
pow , 0,5 

20mrn antisurge 
2fuAses 500mA, 1A, 

 ." '14  

W eal 7"x5".... 

EllipPtical Erx5" 

2"x6" horn ..938p 
2"x5" horn ..795p 
214" horn... .467p 

0-12/0-12 V, 
500mA  369p 
9-0-9 V. IA   2133p 

reel SWG14 ...70p 
G1   

Polystyrene 
22pF ...  13p 

470/25  •  27p 
470/35   31p 

Terminal post .40p 
1nun Plug  20 P 

XLR chassis 
skt  33°0  

.,e_ 
2.5mm   ...1. 
IE fine skt  95p 

1̀A" fuses 100m/k. 
250m14. 4 3..A.  

,,,,i, 
5"iiipr ica i 9-,5-386P  

 624p 
43'%.1.0"  1435p 

12-0-12 V. IA 360p 
15-0-15 V. IA 433p 

R 0818  90P 909 
SWGZ2  909 
SWG24  106p 
SWG26  1059 
SWG213  105P 
SWG30   110P 

07pF . . 
68pF  .  89 FIP 
100pF  SP 
150pF  SP 
220pF  Bp 
330pF  13p 
470pF  89 

470/63   
1003/10  esp 2ep 
1000/16  29p 
1000/25  41, 
10c0/35  45p 
1030/63  75p 
2200/10  39p 

linm socket.. 150 
2mm plug  20P 
2mm socket  I5p 
3mm plug  20p 
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R.A.PENFOLD 

TIHE Currah Speech 64 is a fairly sophisticated speech syn-
thesiser for the Commodore 64 computer (a version for the 

Spectrum is also available incidentally). It connects to the car-
tridge port rather than, as one might have expected, the user 
port, and apart from the short lead and plug that carry the audio 
output the unit looks just like an ordinary program cartridge. In 
fact the Speech 64 does include some firmware to aid the 
production of the required phrases, and it is for this reason that 
it has to interface to the computer via the cartridge port instead 
of the user port. The lead and five-pin DIN plug connect to the 
audio input on the audio/video socket of the computer so that 
the speech, like the ordinary sound output of the computer, is 
reproduced through the sound channel of the television set. If the 
computer is used with a monitor it could be awkward to connect 
everything properly, but provided the monitor has an audio 
channel which reproduces the normal sound output of the com-
puter properly, it should be possible to obtain satisfactory 
results. 

In Operation 
With the Speech 64 unit connected and the computer 

switched on, the command INIT has to be used before the unit is 
brought into action. With a few exceptions such as RUN/STOP 
and RESTORE, pressing a key results in the name of the key be-
ing spoken through the sound channel. This is useful as the unit 
uses the allophone system of speech synthesis, and it enables the 
user to quickly become familiar with many of the sounds that 
are available. For those who are not familiar with the allophone 
system it should perhaps be explained that the synthesiser has a 
vocabulary of basic sounds rather than whole words. The re-
quired phrases therefore have to be built up by stringing together 
suitable allophones. Pressing letter keys gives what are in most 
cases single allophones, but when the keys such as RETURN 
and the SPACE bar are operated a sequence of allophones to 
produce the whole word is obtained, demonstrating the way in 
which perfectly intelligible words can be produced from a series 
of basic sounds. 
Compared to the whole word approach the allophone system 

has the drawback of slightly lower speech quality and it is 
generally a little slower and more difficult to use. In truth a well 
designed and sophisticated speech synthesiser based on the 
allophone system can, nevertheless, be quite easy to use, and can 
offer surprisingly good speech quality. It would be fair to say 
that the Speech 64 unit is in this category. The advantage of the 
allophone method is that it gives an unlimited vocabulary in-
stead of typically only about one or two hundred words for 
whole word synthesisers. 

Strengths and Weaknesses 
Running through the keyboard shows up the strengths and 

weaknesses of the synthesiser as far as accuracy of pronuncia-
tion is concerned, and the only peculiarity is the American zee 
rather than zed for the Z-key. The Speech 64 is built in the UK. 
After initial familiarisation the keyvoices can become a little 
irksome, but they can be switched off and on using KOFF and 
KON. There are two different voice pitches available, and the 
higher of these is the default setting. KON 0 selects the lower 
pitch, which is substantially lower and gives the unit what are ef-
fectively two completely different voices; something which could 
be useful in practical applications. In a lighter vein, the computer 
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can be made to hold a conversation with itself. The lower voice, 
although perhaps the less natural sounding one, seems to give 
marginally clearer speech. For instance, the difference between 
the N and M sounds is more apparent with the lower pitched 
voice. 
With simple allophone speech synthesisers it can take quite a 

lot of effort to produce even quite short phrases due to the need 
to continually look up allophone addresses. With the Speech 64 
this is unnecessary, and with the aid of the SAY instruction it is 
virtually just a matter of typing in the required words in their 
normal English form. Unfortunately, it is not quite that simple as 
letters are pronounced different ways in different words, and 
some manipulation of words is sometimes required in order to 
obtain the desired result. For instance, the line: —  - 
SAY "HELLO ROBERT PENFOLD" 
would give reasonable results on the first and last words, but 
would interpret the word ROBERT as two syllables, ROBE and 
RT. This can be corrected by using an apostrophe (which gives 
a very short pause) to break up the word in the correct way. In 
other words: — 
SAY "HELLO ROB'ERT PENFOLD" 
would give the correct pronunciation. In other cases purposely 
misspelling words can give the correct pronunciation. 

Intonation 

It is possible to use the allophones directly, and as they are 
selected using one, two, or three letter mnemonics rather than 
numbers this is still a fairly easy way of generating phrases. The 
code letters have been chosen to relate to their sounds in a very 
obvious way (wh as in which for example). The code letter or let-
ters are placed in square brackets to indicate that the direct 
mode is in use, and two or three letter codes are placed in 
brackets to indicate that they form a single code. For the user 
who has gained some experience with the unit the direct 
allophone mode is probably the one that will give the best 
results. 
A common and often justified criticism of speech syn-

thesisers, particularly the allophone type, is that of a very 
mechanical sound due to a lack of any pitch modulation in the 
voice. In the direct allophone mode the Speech 64 unit can in 
fact produce intonation, and a much more realistic voice sound. 
This works in a very simple way with codes in upper case letters 
being intonated (which in practice really just means raised 
slightly in pitch), and lower case codes being reproduced nor-
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malty. With careful use this can give surprisingly good and 
realistic results. As a simple example of how intonation can be 
used to good effect, words are often spoken with an initial pitch 
that is higher than the final pitch, especially when they occur at 
the beginning of a sentence. The word hello could therefore be 

intonated in this manner: — 
SAY 11-1E(11)(oo)." 

The Currah Speech 64 

Due to the Commodore 64's twin character set, which does 
not include lower case characters in the normal set, some care 
has to be taken when using intonation as mistakes are easily 
made, but one soon gets the hang of things and it is well worth 
making the effort to master this aspect of the unit. The improve-
ment in realism can be quite marked. Intonation is available on 
both the high and low pitched voices. 
A speech buffer can hold up to 256 allophones so that 

programs are not halted while phrases are reproduced, but ac-

cidentally overflowing the buffer must be avoided as this would 
result in phrases being lost. 256 allophones represents about 30 
seconds worth of speech and should be more than adequate. 
However, a variable called SP% contains the number of free 
bytes in the buffer, and can be brought into action in situations 
where there is a danger of the buffer overflowing. 
The Speech 64 can be operated from machine code if 

required, but this is a relatively difficult 
way of doing things as the allophones 
have to be accessed via their address 
numbers. The unit is provided with a 
small 16-page booklet which covers more 
advanced topics such as machine code' 
programming of the unit as well as the 
basics. It also includes a Speaking Clock 
program which demonstrates the capa-
bilities of the synthesiser. Bearing in mind 
the ease with which the unit can be used 
the modest sized manual is more than 
adequate, and is both well written and 
easy to understand. 

Conclusion 
The Currah Speech 64 is certainly an impressive product, and 

although it may seem expensive when compared to a simple 
home constructed speech synthesiser based on the SP0256 
(which is presumably the chip on which the unit is based) it is 
really in a different league. The built-in firmware, two voices, 
and intonation capability enable speech of. quite reasonable 
quality to be easily generated. No real flaws or even minor ones 
came to light when testing the unit. 
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GRAPHIC EQUALISER 

This low cost unit is an ideal add-on for elec-
tric guitars, providing a wide range of musical 

effects. The unit incorporates six graphic 
equaliser channels with centre frequencies 

between 50Hz and 15kHz. 
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costly apparatus. 
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Ingenuity 
Unlimited 
OP-A MP SIGN 
CHANGER 

T HIS useful application circuit is little 
I used by the electronics experimenter, 
but has plenty of applications in signal 
processing at low frequencies. 
In Fig. I, with the arm of VR1 at posi-

tion  the non-inverting input is groun-
ded causing the circuit to act as normal in-
verting amplifier with unity gain. This will 

R1  R2 
lip 

Fig. 1. 
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PE 7281 
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Why not submit your idea? Any idea 
published will be awarded payment at 

£40 per magazine page. 

Each idea submitted must be accompanied by a 
declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica-
tion elsewhere. It should be emphasised that these 
designs have not been proven by us. They will at any 
rate sti mulate further thought. 

0/P 
V2 Fig.2. 

MUSI  LAT ED 
TUNED CCT 
AT A F 

C t 

give an output where V2 = -VI. If the 
arm is now moved to position 'A' then VI 
is applied to both ends of RI. Also as no 
signal current flows through the op-amp, 
there can be no current in R2, thus V2 - 
+V I. 
With the arm in the mid position, V1/2 

is applied to both inputs and with good 
common mode rejection obtained with 
modern op-amps, V2 = 0. This set up can 
be very useful as a phase inverting gain 
control stage and can be calibrated with a 

Lt 

AMPLITUDE 

o  FRED 

output  voltogo 

scale such as: +high, 0, -high. 
In Fig. 2 a similar circuit is being used 

to simulate parallel tuned circuit response. 
With VR I set to reject the input signal, the 
source impedance feeding Lt, Ct is equal to 
10K. This allows the filter to be variably 
tuned and also cascaded. Other applica-
tions for Positive Impedance Converters 
(PICs) were featured in Practical Elec-
tronics, June 1981. 

A. B. Bradshaw, 
Sandy, Beds. 
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cost plain aluminium boxes. Prices in catalogue. All kits include PCBs, parts, instruc-
tions, boxes, wire, solder. 
Over 90 kits in catalogue. Send S.A.E. 19x4 or bigger), & with all enquiries. (Overseas 
catalogue & enquiries send El or 5 IRC's). 

Mail order. Payment to Phonosonics, CWO, CHO, PO, Access, Visa. Insurance cover 
50p per £50. (Obligatory on credit card orders). Details correct at press. E&OE. 

BASS BOOST: Increases volume of lower octaves 
BLOW BOX: Voice operated VCF & VCA for fascinating effects 
CHORUS (SIMPLE): Multiplied solo enhancement 
COMPANDER: Mono companding, or stereo compression or expan-
sion, switchable 

ENVELOPE SHAPER: Note triggered ADSR unit with VCA 
EQUALISER: Variable combinations of Low, Mid, Top & Notch 
EQUALISER: 10 Channels fully variable 
FLANGER (SIMPLE): Fascinating phased resonance effects 
FREQUENCY DOUBLER: Guitar octave raiser & tone changer 
FUZZ: Smooth distortion, retains attack & decay 
GUITAR OVERDRIVE: Heavy fuzz with selectable qualities 
GUITAR SUSTAIN: Extends note decay time, with noise gate 
GUITAR TO SYNTH INTERFACE: With voltage & trig outputs 
HAND CLAPPER: Auto & manual variable clap effects 
JABBERVOX: Voice disguiser with reverb & tremolo 
MOCK STEREO: Splits mono signal into stereo simulation 
MULTIPROCESSOR: Flog, Rob, Faze, Fuzz, Wah, Trem, Vib 
MUSIC MODULO: 8 variable tremolo & wah guitar effects 
REVERB (SIMPLE): With new longer delay chip. For mono or stereo 
RHYTHM GENERATOR: Switchable pre-programmed rhythm chip - 
4096 combinations - 9 effects instruments 

RHYTHM GENERATOR: Computer driven, 9 drum effects 
ROBOVOX: Versatile robot type voice modifier 
STORMS EFFECTS: Auto & manual wind, rain & surf effects 
TOM-TOM SYNTH: Sound triggered, multivariable 
TREBLE BOOST: Increases volume of upper octaves 
TREMOLO: Mono variable rate & depth modulation 
VOCODAVOX: Modular vocoder, 7 chans, extendable 
VODALEK: Robot type voice modulator 
WAR-WAR: Auto, manual & note triggered 

CODE 
SET 13813 BK  [11.46 
SET 214131<  01.33 
SET 1628K  04.90 

SET 2388K  f22.99 
SET 1748K  £20 96 
SET 2178K  EMIG 
SET 1348K  [41.83 
SET 1538K  f2624 
SET 98BK  £12.80 
SET 91X BK  £18.57 
SET 56BK  1E2323 
SET 222BK  f25.31 
SET 1738K  f36.37 
SET 19781<  f25.69 
SET 15013K  f27.34 
SET 21381<  E23.37 
SET 1898K  £61 14 
SET 1968K  E21.79 
SET 203X BK  £36.54 

SET 2408K  £59.99 
SET 1858K  £34.64 
SET 1658K  f24.53 
SET 1548K  f19.36 
SET 1908K  f18.05 
SET 1387 BK  £11.13 
SET 136BK  £12.71 
SET 1528K  £68.31 
SET 1558K  [1 544 
SET 140BK  £20.76 

BECKER-PHONOSONICS, MAIL ORDER DEPT. PE56, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. 
TEL: ORPINGTON 37821 (STD 0689, LONDON 66). 
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Digital Delay 
& Sound Sampler 
WITH COMPUTER INTERFACE 
John M. H. Becker  Part 1 

THE project described here consists of a 512K integral 
memory block arranged as a 64K x 8-bit sound sampler. 

With the associated compander and filter network, an 
equivalent resolution of 15-bit sampling is achieved, allow-
ing a 15kHz bandwidth. For ordinary musical use, the delay 
available is constantly variable from 4rns to 8s and for 
special effects it can be extended up to one and a quarter 
minutes. 
Delay selection is normally by a special wow-less circuit. 

Panel controls enable the unit to be used for echo, reverb, 
double  tracking,  phasing, flanging,  chorusing, vibrato, 
amongst others, plus looped signal storage. It can also be 
linked to a computer in place of the internal memory, enabl-
ing a wide variety of sound sampling and modification 
parameters to be program controlled. An example of a sim-
ple control program will be given later. 

DELAYS 
Over the years there have been a variety of methods used 

to provide echo and reverb effects but the coming of bucket 
brigade devices has greatly enriched the variety of these ef-
fects by allowing a readily variable delay. By now BB Ds 
must be common knowledge, but as a quick recap, in them, 
there are many storage stages, 1536 in the recently in-
troduced TDA1097. The first stage repeatedly samples the 
analogue level of the signal applied. As each charge is stored 
so the previous charges are all moved on by one place. At 
the output they emerge in sequence at roughly the same 
levels as they went in, and at a rate variable by changing the 
transfer clocking frequency. 
This method is excellent for short delays, and its beauty is 

the simplicity of the associated control circuitry. The in-
herent drawback though, is that each time the charge is 
transferred from stage to stage, a very slight deterioration 
occurs. Up to several hundred milliseconds, this is largely in-
significant, and indeed in many units, delays of even is can 
be achieved  by cascading several  of the low noise 
TDA1097s together. For much longer delays though a 

digital sampling unit is essential, and increasingly practical 
with the continuing miniaturisation of memory devices. 

DIGITAL DELAY UNITS 
Whereas in an analogue unit many transfer conversions 

take place, with digital units only two conversions are 
needed irrespective of the number of stages. In a simple unit 
a sample is taken of the voltage level of a signal at a par-
ticular point in time. This voltage is converted to an 
equivalent number which is stored in a known memory area. 
Subsequently the number is retrieved from memory and 
converted back to a voltage again. For as long as the number 
is in memory it is available at any time for reconversion, and 
so theoretically the delay between sampling and reading 
back can be infinite. In this way deterioration can only occur 
twice, at the analogue to digital, and the digital to analogue 
conversions, irrespective of the delay time. 

A TO D CONVERSION 
In broad terms, in a digital delay unit, the first thing to 

consider is the analogue to digital conversion. The maximum 
range of output numbers available is finite, and is usually 
limited to the range 0 to 255. The signal presented must 
therefore not exceed that range. The A to D process is not in-
stantaneous so the unit must be told when to do its conver-
sion, and as we may not want the result immediately, it must 
be stored temporarily, and the device told not to do any 
more conversions until the first has been used. 
When we are ready for it, it has to be transferred to a 

known location in the long term memory so that we can find 
it at a later time. This means that an address location num-
bering system is needed. In the compact memory chips used 
here the address data required is in a column and row grid, 
so the address has to be split into two sections, one for each. 
The memory handles these two sub addresses at separate 
times, so it needs to be told which section is which, when to 
deal with it, and whether it is to store or read data at the 
specified address. 
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M USIC PROJECT 
Having stored the data at one location, we will usually 

want to read back data from an earlier location. So we need 
to change the address, and its row and column data. The 
memory of course has only one set of address lines, conse-
quently we need a set of gates so that when the Write ad-
dress is needed, the Read address is shut off, and vice versa. 
When the stored data has been found the next considera-

tion is that the memory input and output lines are mutually 
joined to the A to D and to the D to A converters. The timing 
sequence must therefore tell the D to A not to listen to data 
being written to the memory, and the A to D to ignore data 
being read back. When permitted, the D to A takes the 
numerical data from the memory and converts it back to a 

reconstituted signal is usually barely discernible from the 
original, providing the sampling rate is fast enough. 
After filtering, the signal can be fed to the usual amplifier. 

In a practical circuit, a number of other things can be done 
as well, such as feeding the signal back upon itself, or mixing 
it with the original, and varying the rate at which the sampl-
ing occurs by modulating the sampling control with another 
oscillator. Let's now look at this idea in detail. Fig. 1. shows 
the schematic block diagram. 

BLOCK DIAGRAM 

In addition to the main blocks already referred to, it will be 
seen that other facilities are also catered for. There is a 
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voltage level equivalent to that originally presented to the A 
to D at the start of the timing cycle now concluded. 
At the start of the next cycle another bit of analogue data 

must be sampled, and another previously stored bit read 
back, so the Write and the Read addresses must both be up-
dated. This process continues indefinitely and in this unit 
with 64K (bytes) of memory, 65536 different address loca-
tions are available (in computer terms 1K of memory ac-
tually means 1024 locations, so 64 x 1024=65536). Even-
tually of course all addresses will have been used up, at 
which point the counter resets to the first address and con-
tinues through again, overwriting the previous data. 
So far so good, we are successfully sampling an analogue 

signal, storing it, reading back an earlier bit, and reconverting 
it to a signal. However, none of this process is instan-
taneous, and a delay occurs between sampling the first bit of 
data, and the next. In the meantime the input signal has 
probably changed its level and when sampled, digitalised 
and reconverted to analogue, a noticeable step in the output 
analogue signal will occur, representing the two different 
sampling points. Fortunately this can be readily filtered so 
that the step variations are smoothed out and the resulting 

variable level and gain input preamp, a compressor to limit 
the dynamic range of the signal, so effectively increasing the 
data storage capacity, and an expander to restore the range. 
The Read Only selector enables a loop of data in the memory 
to be constantly repeated, and the pitch and duration varied. 
The inclusion of the external computer and interface 

trigger blocks, allows the unit to be used with its own 
memory, or with that of a separate computer. It is not 
necessary though to own a computer in order to use the 
delay unit, as its own internal memory makes it self-
contained. 

INPUT PRE-AMP & MIXER 

In Fig. 2. an audio signal is brought into the initial level 
control VR1, and can come from a wide variety of sources, 
such as high output microphones and musical instruments, 
cassette recorders, effects units, and mixers. Within reason 
the input can be of fairly indiscriminate level, but in order to 
retain good signal to noise characteristics, should preferably 
already be at a level between about 1V and 4V pk-pk. 
Higher levels can be accepted as VR1 can reduce the 

level. The preamp stage IC1a has a gain controllable by VR2, 
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to set a gain factor of between 1 and 10, but remember that 
any noise present in the signal will be amplified if VR2 is in-
creased. From IC1a the signal is split, part going to the final 
output mixer via VR4, the rest going to IC1 b which also 
mixes in delayed signals fed back via VR3. 

CO MPANDER 
A compander is a combination of two circuits, one a com-

pressor, and the other an expander. The idea is to compress 
the overall signal range so that more can be put through a 
processing unit without overloading it, and then to restore to 
the original range by an equivalent expander. Ignoring the ef-
fect of the intermediate processing unit, the output signal 
will be the same as the original. Compressing the range is 
not the same as reducing the level, for in overall level reduc-
tion already low level signals will be lost and cannot be 
regained by increasing the volume. 
Table 1. shows the results obtained with this unit. Column 

1 shows several readings taken of a signal with its dynamic 
range covering 10mV to 4V, a range of 400 to 1. This goes 
through the compressor which produces an output level of 
100mV for 10mV fed in, and 3V for 4V fed in. The dynamic 
range has now become 30 to 1, as shown in Column 2. A 
level reduction occurs at the A to D converter, and the out-
put from the D to A unit is in Column 3. The signal then goes 
through the expander and is restored to the original 400 to 1 
range as seen in Column 4. 

INPUT 
TO 

COMPRESSOR 

OUTPUT 
FROM 

COMPRESSOR 

INPUT 
TO 

EXPANDER 

OUTPUT 
FROM 

EXPANDER 
10mV 100mV 70mV 10mV 
20mV 180mV ' 100mV 20mV 
50mV 300mV 180mV 50mV 
100mV 400mV 220mV 100mV 
200mV 600mV 360mV 200mV 
500mV 1V 550mV 500mV 
1V 1.4V 780mV 1V 
2V 2V 1• 1V 2V 
3V 2.5V 1.3V 3V 
4V 3V 1.5V 4V 

Table 1. Compander stage voltage levels 

Without the companding process it would be necessary 
either to accept a lower dynamic range, or to use enlarged A 
to D and D to A converters, plus extra memory chips. For 
compression the signal passes through IC2a and to half of 
the compander chip IC3. This detects the signal level, and 
reduces its gain as the level increases, making feedback ad-
justments to IC2a. After processing, the signal then comes 
to the second part of IC3, which also detects the level, and 
makes the necessary gain changes in conjunction with IC2b 
in order to restore the range. VR6 to VR9 linearise the 
waveform and optimise d.c. bias levels. 

PRE-E MPHASIS 
In any clock controlled sampling unit, it is at some stage 

after processing, necessary to eliminate the residual samp-
ling steps by filtering. In the act of filtering out high fre-
quency sampling steps, a certain amount of upper signal fre-
quency is also lost. This can be partly compensated for by 
emphasising upper frequencies of the original signal before 
processing, so that after filtering not too much overall loss 
occurs. Pre-emphasis is given here at the compression 
stage, and is essentially determined by C4 and C7. C5 limits 
the maximum frequency range emphasised to reduce in-
teraction at normal sampling rates. Partial de-emphasis is 
given at the expander by C17, but the filter does the main 
job. Photos 1 to 3 give some idea of the effect. 

EMPHASIS PHOTOS 
A triangle waveform is used for illustrative clarity, and 

although it looks like a single frequency, in fact higher fre-
quency harmonics are also present. In itself a 100Hz signal 
is below the pre-emphasis point, but the implicit higher har-
monics of the waveform peaks are shown to be modified. At 
1kHz, the signal is partly in and partly out of the emphasis 
range and is shown to be notably changed. At 10kHz there is 
barely any obvious shape change, though a slight rounding is 
apparent due to the restriction of the upper limiting 
capacitor. 

Photo 1. 100Hz 

Photo 3. 10kHz 

Photo 5. 100Hz 

Photo 7. Slow rate 

Photo 2. 1kHz 

Photo 4. 10kHz 

Photo 6. 1kHz 

Photo 8. Fast rate 

In Photos 4 to 6, the same emphasised frequencies are 
shown before and after sampling by the A to D and D to A 
converters. In photos 7 and 8, a 1kHz signal has been sub-
jected to sampling at two different rates. The lower trace 
then shows the results of passing the reconstituted signal 
through the expander and the filter. The filtering has 
removed the sampling steps and reformed the shape. This 
has still slightly rounded off the tops of the waveform, but far 
less so than would 'be the case if pre-emphasis had not been 
given, when much greater rounding and level reduction 
would result from filtering. 

FILTER STAGE 
From the expander, the signal also goes to the low pass 

filter stage around IC4. It consists of two transconductance 
amps which in this configuration cause low pass filtering to 
occur at a range determined by the values of C22 and C23 
and the current flowing at their control nodes as set by 
VR10. 
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COMPONENTS . . . 

Resistors 
R1—R6,R24, R30-832,R35, 
R39,R41,R44,R65  100k)15 off) 
R7,813  30k (2 off) 
R8  62k 
R9,R38  18k (2 off) 
R10,823  2k2(2 off) 
R11,R12,R14,R15,R19,R20, 
R36,R40,842,650,875,R76  47k (12 off) 
R16,R22  68k (2 off) 
R17,R18,R25,R26,R47,R62, 
R63,R71  4k7 (8 off) 
R21,R28,829,R33,834,882  1k (6 off) 
R27,R49,R72  200k (3 off) 
R37,843,R48,R52—R61,R64, 
673,R74,R77—R79  10k(19 off) 
845,R51  390(2 off) 
R46,R69  200 (2 off) 
R66  75k 
R67  150k 
R68  56 
R70  1M2 
R80  100 
R81  10 
All resistors 1-W 5% carbon 

Potentiometers 
VR1,V83,VR4,VR11 

VR2,VR10,VR18,VR20 
VR5 
VR6—VR9,VR13 
VR12 
VR14 
VR15 
VR16 
VR17 
VR19 

Capacitors 
C1—C3,C6,C8—C11,C16,C18, 
C19,C24—C27,C50 
C4,C5 
C7,C15,C29,C30,C32,C33, 
C36 
C12 
C13,C21,C35 

100k log. mono. rotary 
(4 off) 
1M mono. rotary (4 off) 
250k skeleton 
100k skeleton (5 off) 
10k log, mono, rotary 
lk mono. rotary 
10k mono. rotary 
5k skeleton 
1M skeleton 
100k mono. rotary 

1g elect. (16 off) 

4n7 polystyrene 12 off/ 

4117  elect. (7 off) 
10n polystyrene 
33g 6V elect. (3 off) 

At the minimum resistance of VR10 the filter makes little 
differences to audio signals, but at maximum gives a 24dB 
cut at lkHz, and a 50dB cut at 10kHz. As will be seen in the 
sampling frequency section, the frequency of the controlling 
clock can be varied as one method of varying the amount of 
delay. As the controlling frequency reduces, so a lower band 
pass range is required to clean up the sampled waveform. 
Hence the choice of manual control. The filter can of course 
also be used as a treble control. 

OUTPUT MIXER 
The processed signal from the filter can be switched in or 

out by S3, and its level controlled by VR11. From there it 
goes through the mixer stage at a gain of 5, and then to your 
usual amplifier, cassette recorder etc, with the final output 
level controlled by VR12. At this stage, the original signal as 
determined at IC1 a can be brought in via VR4, for which 
route IC1c gives a gain of 2. Selection of effects,pass or 
bypass can be selected, together with the choice of balanced 
mix of original and processed signals. 

C14,C37,C47 
C17 
C20,C42,C43,C49,C51—C60 
C22,C23,C39 
C28,C48 
C31 
C34,C38,C40,C41 
C44,C45 
C46 

Semiconductors 
D1,D2 
D3 
REC1 
IC1 
IC2,1C25 
IC3 
IC4 
105,1C7 
IC6 
IC8 
IC9 
IC10,1C11 
IC12-1C14 
IC15-1C22 
IC23 
IC24,1C32,1C35 
IC26 
IC27 
IC28 
IC29 
IC30 
IC31 
IC33,1C34 
136 

Switches 
Si n.o, push switch 
S2—S7 s.p.d.t. (6 off) 
S8,S9 d.p.d.t. 12 off) 

Miscellaneous 
P.c.b.s 15 off) 
Fuse and holder 
LP1 mains neon 
Knobs for pots. 112 off) 
Rubber feet 
P.c.b. clips 
Transformer 6V, 6VA secondary 
I.c. sockets (various) 
Wire, solder, etc. 
Mono jack socket (2 off) 

100011 10V elect. (3 off) 
330p polystyrene 
100n 114 off) 
180p polystyrene (3 off) 
220n (2 off) 
33p 

15p polystyrene (6 off) 
ln polystyrene 

1N4148 (2 off) 
5V1 400mW Zener 
lA bridge rectifier 
TL084 
TL082 12 off) 
571 
LM13600 
ZN448 (2 off) 
ZN428 
4040 
4024 
4008 (2 off) 
4053 (3.off) 
4164-15 (8 off) 
4013 
4528)3 off) 
4046 
4017 
4071 
4072 
4075 
4069 
4066 (2 off) 
7805 regulator 

Constructor's Note: 
A full kit of parts or separate 
p.c.b.s are available from 
Phonosonics, Dept. DDL, 
8 Finucane Drive, Orpington, 
Kent 8R5 4ED. (Send s.a.e. 
for details). 

A TO D AND D TO A 
The A to D conversion in this unit is performed by an 8-bit 

sampling chip IC5 (Fig. 3.). The analogue signal comes from 
the compressor to pin 6 of IC5. The conversion is controlled 
by two sources, a pulse to start each conversion and a clock 
frequency to control its rate. 
Upon receipt of the negative going convert trigger on pin 

4, and during the next eight clock pulses on pin 3, it suc-
cessively calculates the equivalent binary representation of 
the signal voltage present. During the conversion, the binary 
output is held closed in a high impedance state by a positive 
voltage on pin 2, and pin 1 is automatically low. Upon com-
pletion of the conversion pin 1 goes high, but the output 
remains closed until enabled by the control voltage on pin 2 
going low. The binary output then corresponds to a decimal 
number in the range 0 to 255. The signal level must 
therefore be within a range so that the lowest level should 
produce an output corresponding to decimal zero, binary 
00000000, and the maximum corresponding to decimal 
255, binary 11111111. 
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If the signal is outside the range, the output remains at its 
equivalent limit of 0 or 255. The analogue input to IC5 is a.c. 
coupled via C28, and VR13 applies a d.c. bias so that in the 
absence of a signal the binary output corresponds to approx-
imately the half way level of decimal 128, binary 10000000. 
With the outputs of IC5 enabled, the data is suitable for stor-
ing in the unit's memory, or that of a computer. 
IC6 performs the conversion from binary back to an 

equivalent voltage. The inputs are directly coupled both to 
the memory, or computer, and also to the A to D chip, but 
the timing sequence ensures that IC5 and IC6 are never 
open simultaneously, but only at the correct point in the 
Read or Write modes. The conversion of binary data to a 
voltage is practically instantaneous and needs no controlling 
clock. However IC6 will only accept data during a negative 
going latch pulse on pin 4. It then reads the data, and stores 
it until the next latch pulse resets the data to another level. 
Both IC5 and IC6 are supplied by a common reference 
voltage from R45 and C30 so the analogue inputs and out-
puts track each other with similar voltage levels. C31 on IC5 
can be ignored for the moment. 

SAMPLING STEPS 
The ratio of signal to sampling frequency should ideally be 

high in order to achieve greater definition of the waveform. 
Theoretically though it is usually accepted that a sampling 
rate of between two and three times the signal frequency is 
adequate. Thus a frequency can be represented by only two 
or three sampled steps per cycle. This is fine if the sampled 
and sampling frequencies are synchronised. In practise 
though this cannot be done for an audio signal as it is usually 
constantly changing in frequency and amplitude. This means 
that sampling takes place at different points on the 
waveform slopes on each cycle. When reconverted back to 
analogue these different sampling points will reproduce 
the same frequency, but the amplitude will change to 
correspond to the minimum and maximum sample numbers. 
The result of this is an additional sub harmonic frequency. 
Obviously then the closer the sampled and sampling fre-
quencies are to each other, so a greater sub harmonic effect 
is produced. Higher sampling rates are needed to produce a 
cleaner end result. Computer printouts of the effects of 
sampling rates are shown in Fig. 4. to Fig. 6. 
By deliberately using sampled and sampling frequencies 

close to each other, the sub harmonics can be used for 
special effects, such as bell sounds (store a single frequency 
closely matched to clock, then play back at a slower speed). 
Photos 9 and 10 show oscillograms of two practical exam-
ples of adverse clock to audio frequency relationships. 
Despite the sub harmonic generation, for musical pur-

poses a sampling rate of 12kHz to 15kHz produces very ac-
ceptable results, and when using the prototype at its max-
imum sampling rate of 67kHz, the bandwidth is quite easily 
at least 15kHz. Anyway, in many instances a bandwidth of 
even 3kHz is satisfactory for musical effects units with the 
processed signal, though the original should usually be 
retained at close to its original bandwidth. Note though that 
a bandwidth of 3kHz does not mean that everything above 
3kHz is lost, just that attenuation of frequencies above that 
point begins to be noticeable, but they will continue to be 
heard quite well up the spectrum, depending on the 
steepness of the filter cut off. 

ME MORIES 
As we have seen, the analogue signal has been sampled 

by IC5, and an 8-bit binary equivalent obtained. Each of 
these bits is to be stored in a separate memory chip. Eight 

Photo 9. Sample rate too 
low 

Photo 10. Audio frequency 
close to sample frequency 

are needed, (IC15 to IC22) and each can store 65536 bits of 
data. If the memories are filled up a bit at a time at a rate of 
15kHz, the maximum delay between the first and last bits is 
approximately 4.36 seconds with a frequency bandwidth of 
5kHz. In air at 0°C sound travels at 1120 feet per second, so 
this delay is the equivalent of the signal travelling 4883 feet! 
Compare this to an average spring line length. 
Despite the apparent complexity of the manufacturer's 

timing charts, for this audio application the timing sequence 
is quite simple. Each memory has eight address lines, three 
control lines, and two data lines, one in and one out, which 
in this instance are connected. The address and control lines 
are common to each memory and so are matrixed. Only the 
data lines retain their separate identities on each chip. As ex-
pected the address lines tell the memory where to put or 
fetch data. The chip is clever and the 16 address bits needed 
can be split into two groups of eight. 28 is 256, 256 x 
256=65536, so all addresses are catered for. 
One group is referred to as the Column address and the 

other the Row address. When the RAS control is activated, 
the 8-bit address is assumed to be a row, when CAS is ac-
tivated, the address is assumed to be a column. The third 
control node tells the chip whether it is to Write the data into 
itself, or to Read it back. These timing instructions are also 
synchronised with the needs of the A to D and D to A con-
verters, so that the correct sequence is maintained. 
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Fig. 4 Fig. 5 Fig. 6 

Fig. 4. 1kHz sampled at 15kHz 

Fig. 5. 100Hz sampled at 15kHz (section only). 

Fig. 6. 5kHz sampled at 15kHz 

NEXT MONTH: More circuit details including: delay 
selection, master clock oscillator and address counter. 
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A4117  9 
A4119  9 
M032  9 
AC107  3 
AC126  17 
0C127  15 
0C128  15 
0C1286  5 
0C1416  30 
0C1126  33 
AC1531  5 
4C176  11 
0C1761(  20 
4C187  15 
4C1871(  5 
07188  17 
AC1886  23 
40618  48 
ACY19  48 
80142  93 
40149  45 
AD161  5 
80162  V 
63124  5 
86725  5 
0E135  5 
06726  25 
06739  22 
04239  22 
81112  70 
181113  10 
43215  100 
43211  14 
AUI10  110 
AIRCO  13 
40106  180 
64145  10 
80748  10 
130154  6 
841157  12 
13101  13 
131031  16 
810513  II 
820513  24 
C107 
C100 
C109 
7115  1 
7118  I 
C140  I 
C111  I 
C142  I 
C143  I 
6147 
C148 
7149 
C157 
6159 
C182 
C1824 
C183 
C183L 
C184 
61844 
6212 
6212L 
2213 
62131 
C214 
02141 
C331 
C25 
C303 
C301 
832  1 
C303 
C227 
7228 
C337 
C338 
C557 
CY32  150 
6933  150 
6934  150 

87942  23 
13C694  16 
81970  16 
BCY7I  16 
BCYT2  16 
130115  5 
801241  50 
8111124  10 
60128  35 
131/131  25 
60132  5 
80135  20 
130136  5 
130137  20 
60138  20 
80139  5 
130140  XI 
130144  90 
613150  30 
80157  3 
60158  38 
13066  30 
60177  30 
613179  32 
80181  6 
130110  SO 
80183  3 
130201  33 
13052  33 
130203  Q 
130201  42 
BI M  31 
60237  31 
60234  32 
1317235  a 
130236  33 
Boat  21 
130238  24 
1313244  50 
130245  91 
130433  B 
80434  30 
80435  31 
130437  a 
80436  35 
130439  40 
13043  40 
80441  40 
80442  40 
130533  50 
80534  5 
110535  31 
80536  31 
130537  40 
110538  40 
B0675  43 
80676  40 
80677  3 
131578  40 
BMW  40 
61D679  40 
80931  15 
130682  45 
85032  103 
800E6  00 
80692  100 
BEIM  16 
61181  18 
6E183  20 
B6184  20 
81180  5 
131-151  5 
6E195  5 
BF 196  6 
61197  7 
BFI98  7 
6E199  6 
6E200  16 
13E240  16 
13E241  10 
61255  12 
6E255  18 
131257  II 
61258  II 

137259  18 
61262  25 
134263  5 
61770  18 
61273  15 
6E311  21 
81324  25 
131336  20 
81337  5 
6E338  5 
134356  a 
13E362  30 
6137  13 
B1371  17 
131414  18 
13145  16 
0E421  18 
13E422  21 
131421  15 
6E440  16 
6E451  17 
0F455  14 
6E458  19 
8E459  19 
01461  60 
61462  62 
01469  33 
116470  21 
136411  a 
131479  5 
51493  18 
8E494  16 
61595  16 
8E596  15 
131597  10 
81615  30 
6E758  41 
131869  22 
81870  B 
136872  a 
BE M  38 
819113  40 
131364  31 
13E956  40 
61040  25 
1311251  21 
814162  21 
131879  3 
BERM  52 
1311291  99 
81029  20 
81984  20 
6E45  20 
BE087  15 
BE1128  15 
135489  60 
131917  5 
81018  3 
8E941  3 
BE950  14 
BE N  14 
6E192  14 
BPI%  20 
131657  25 
81964  25 
131790  6 
61842  95 
131.049  115 
136103  14 
81171  43 
138103  37 
BSX20  15 
BSX26  18 
BSX29  19 
87106  90 
BTI03  90 
BTII6  BD 
BTI19  100 
BTIM  100 
BT138/600  60 
BT1461750  3 
BT151/650  91 
61151 73  se 
81979/500 13 

U184.0  110 
UIOI  110 
U13  80 
U184  100 
UI10  110 
UIII  140 
UIU4  60 
U126  70 
0204  75 
1823  70 
U28  75 
6734  BO 
02842  14 
0325  55 
LI325  6 
0106  85 

T1P420  22 
11P42C  25 
71P47  0 
T1P18  40 
111450  60 
TIP5I  120 
111452  15 
11153  1211 
71054  13 
110105  65 
711106  65 
111/07  65 
111110  47 
111111  50 
111112  40 
111115  45 

25.706A  a 
3.709  22 
16,944  3 
34918  5 
61.930  18 
31131  a 
29.1112  21 
16.1613  21 
2611711  21 
27E2102  50 
250140  300 
26118184  24 
mnis  24 
29.2221  23 
214.2221  23 
292840  15 

0133  8 
1164  40 
0176  95 
7179  E 
6162  32 
6184  32 
6187  32 
0184  20 
7206  11 
72337  11 
7208  II 
8210  22 
7223  72 
0225  15 
725  18 
0227  19 

2313507  611 
236754  10 
2SC495  60 
20C1 73  99 
2SCI061  ES 
2SCI096  71 
2071161  110 
2371172  150 
2SC1 73  90 
2SC1307  100 
2771678  120 
2SC1939  130 
2SC2018  75 
2562029  15 
2SC2078  13 

1148417  95 
11407  75 
1140713  95 
11408  6 
01060  95 
11409  4 
11026  18 
1.156  110 
9526  10 
0801  4 
0996  120 
111307  95 
1840  B 

111116  45 
111117  50 
111120  43 
131121  46 
TIPIV  47 
11115  47 
01126  56 
111127  56 
11P141  90 
1114142  84 
11P145  6 
nem  ee 
71P147  103 

29 2484  5 
29 263  40 
2923(24  5 
29.2935  21 
252 73  18 
29 257  18 
29.2925  8 
793019  3 
2E41563  18 
25 730  35 
29 355  35 
31.32591  50 
29.3440  58 

0228  32 
8226  5 
8238  26 
7299  21 
6476  90 
12110  15 
7)(551350  30 
0055 73  X/ 
0055/810  32 
8870,35  29 
7)(73.500  32 
M E W  5 
1%71600  3 

LOW PRORLE 
SOCKETS 
8 pin  6 
14 pin  1 
16 pin  9 
18 ten  12 
20 pin  14 
22 pin  16 
24 pin  18 
28 pn  20 
3 pin  5 

64175110  103 
M32501  110 
MJ2955  55 
MJ3003  115 
MJ3301  115 
6.129/4  5 
MJE304  5 
MJE3SU  3 
MJE350  10 
6.11520  33 
MJE29656  90 
0728  100 
0C29  80 
0 83  100 
0 83  120 
0C45  50 
0071  30 
0772  50 
07201)  180 
820030  100 
620106  101 
T404143  76 
1004444  16 
11129  15 

1112955  42 
10P 734  45 
1117365  V 
01543  45 
11341  40 
11561  15 
11584  45 
11990  15 
71191  18 
TIP93  5 
81(1010  3 
65 18473  60 
861.4601  113 
7(18.6643  1E0 
(5 821  115 
414.8911  110 
275107  11 
778108  11 
71)(109  12 
1174212  27 
7176111)  13 
173(31/1  16 
710302  16 
71)(333  24 

253442  3 
2843772 
253137 
253104 
25373 
253799 
293707 
293708 
293771  85 
293772  90 
29.3773  100 
293319  23 
29.3366  3 
271.503  11 
29.393  11 
29.3905  11 
25.243  11 
254821  25 
29.436  5 
294027  5 
29.4059  13 
29.4443  76 
234444  76 
29561  20 

1874 
AM 
091 
4200 
0202 
914 
.4001 
.4032 
.443 
.4841 
.4035 
4106 
.4007 
4148 
5403 
5901  1 
5102  1 
5403  1 
5104  1 
5405  1 
5406  1 
5407  1 
5408  1 

VOLTAGE 
HIGULATDRS 
703  15 
7812  5 
7815  35 
7818  35 
7824  35 
780  88 
7912  40 
7915  * 
7918  40 
7924  40 
78105  a 
781.17  3 
1310  a 
7318  28 
78124  a 
79105  0 
7312  45 
79415  48 
Lwow  100 
163171  220 
11.43171  13 

TIP29A  V 
TIP 80  25 
TIP33  5 
011 73  5 
111310  21 
TIP3IC  5 

TIMM  17 
712320  5 
7174326  29 
/1190  13 
7174501  13 
71)(562  18 

23.525  30 
2552%  33 
2716106  40 
29.6107  0 
261.6135  40 

ZENERS 
4038547984 
Range 207 53 
390  6 
13114 Zeners 

1943234  48 
164723  32 
781180C  570 
7800986  520 
7801/I C  190 
796116  215 

11132  24 
TIP32A  24 

730503  111 
7)74584  5 DIODES 

137061 Range 
207 la .5V 12 

73106C  670 

111432C  3 
71133  50 
171034  50 
111410  22 
11P4IC  5 

719550  24 
29 6%  26 
25 697  3 
261 699  84 
75 48  45 

40119  9 
87100  40 
88103  32 
136126  6 
811127  8 

JAPANESE 
11E8 66E000 
256324  55 

  DINAR 1Cs 
AN-214P  23 
41192401  150 
474-50  131 

Please add 50p P&P nd VAT 44 15%. Govt, Colleges, etc. 
or ders  accepted 

Quotations given for Large Quantities 
Please a low 7 days for delivery 

All brand-new Components. All valves are new and boxed 
Ring for dews not listed. We stock 3,000 items 

GR)̂tNDATA LTD. 
9 & 12 THE BROADWAY, PRESTON ROAD 

WEMBLEY, MIDDLESEX, ENGLAND 
Telephone: 01 -904 2093 & 904 1115/6 

Telex: 932885 Summit 

5A 80n  MOSFET AMPLIFIERS 
UNBEATABLE PRICES!!! 

SLAVE MODEL 

AP 100 100WRMS   £69 
AP 200 200W RMS   £89 

2 INPUT GENERAL PURPOSE 
MODEL 

AP 100S   £79 
AP 200S   £99 

* 6 INPUTS 
* 3 CHANNELS 
* ECHO IN/OUT 

* TREBLE/BASS EACH CHANNEL * INDIVIDUAL VOLUMES 
* MASTER PRESENCE  AP 100M  £99 
Write or phone for a FREE BROCHURE on 

AP 200M £119 these incredible amplifiers 

P.E. HYPERCHASER £84.95 
14 CHANNEL PSEUDO INIEUJGENT 
LIGHT UNIT I* 16 Programmes  * Manual Rash Buttons 
* Manual/Auto Programme * Strobe Ouputs 
1* Individual Dimming  * Sound To Light 

Not just a light unit but a sophisticated & comprehensive effects unit A full kit of parts including 
P.C.B., Facia, Case, etc. Reprint of article on request. 

P.E. STAR DESK  £209 

8 + 4 CHANNEL UGHT MIXING DESK 
* 8 Channel Twin Preset Mixer  * Strobe Outputs 
* 4 Independent Channels  *4/8 Channel Sequences 
* 8 Programmes  * Manual Flash Buttons 
* 1KW Output/Channel (can be boosted to 2K1N/Ch) 
* Timed Crossfade  * Soft/Hard Sequence 

A truly magnificent unit ideal for clubs, groups, drama, etc. A full kit of parts inc. PCB, Facia, Case, 
etc. Reprint of article on request. 

BENSHAM RECORDING LTD 
327 Whitehorse Road, Croydon, Surrey CRO 2HS 
(01) 684 8007  9am-5pm. Mon-Sat. 

A// prices inlcude VAT and Post & Packing. Please allo w 14 days fo delivery 

= ES = 
m o m  

L1-PORTASOL 
Portable Gas Soldering Iron 
ORYX - market leaders in soldering irons and acces-  pocket portable (173 m m) and independent of any 

sories introduce the revolutionary PORTASOL. This new  external energy source. PORTASOL is powered by 

approach to catalylic soldering iron technology is truly  ordinary cigarette fuel and one filling lasts for 60 minutes 

continuous use. 

Small, light and can 
be carried in the top 
pocket. 

Powered by ordinary 
cigarette lighter fuel. 

Flint ignition system 
built into the cap. 

Adjustable temperature 
equivalent to electric 
soldering irons 10 to 
60 Watt. 

d :4;ly 

Ease of soldering for 
engineers, hobbyists, 
repair men etc. 

* Portasol makes an ideal and 
handy present. 

* Immediately available for use 
anytime anywhere. 

* Portasol meets all safety 
standards. 

* No problem with statics. 

* Adjustable temperature for 
sensitive components. 

ONLY 

£1 725 
INCLUDING VAT, P&P 

Greenwood Electronics, Portman Rd Reading Berks RG3 1NE 

ORDER WITH THIC COUPON MAY 

r To: Greenwood Electronics, Portman Rd, Reading Berks RG3 1N i 
Please send  (qty.) PORTASOL at E17.25.1 enclose 

I  cheque/P.O./cash for E  or debit my Barclaycard 
I no.  Access no.  Expiry date   

I  NAME   I 

I  ADDRESS   
I 

I  I 

Please send technical leaflet. Tick  Allow 14 days for delivery. 

 PE j  
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Low Cost 

BBC Speech 
Synthesiser Update 
THERE has been a massive response to the BBC Speech 

Synthesiser project published in March 1985. Unfor-
tunately there have been a number of problems which have 
been brought to our attention by some of our readers. 
Firstly, to put your mind at rest, the p.c.b. and component 

layout on page 32 is correct and there should be no 
problems with the hardware of the actual unit. However, 
there are, apparently, a number of variations in both the 
operating system and p.c.b. of the BBC Computer itself. Also 
the software listing published on page 34 of the March 
article has some printing errors and pin 4 on the circuit 
diagram (page 31) should read pin 5. 

Fig. 1. 
Modification 
to the BBC 
Computer 
p.c.b. 

CUT THROUGH TRACKS FROM PINS 16 &17 
& LINK AS SHOWN USING INSULATED WIRE 

MODIFICATION 
As far as the variations in the actual BBC microcomputer 

are concerned, it is difficult to say what effects they will have 
upon the operation of the Speech Synthesiser without 
knowing the exact model and operating system used. We 
have, however, found out that some earlier models of the 
BBC had the READY and INTERRUPT lines transposed on 
their p.c.b., from IC3 to IC99. This fault may be overcome by 
cutting the tracks on the topside of the board from pins 16 
and 17 and replacing them with cross-over wires on the 
underside as shown in the diagram. 
The program listing shown here is a printout of a working 

project fitted to the BBC model B which has the operating 
system 1 .20 fitted and an issue-4 p.c.b. If you have a dif-
ferent model, the Speech Synth should still work with some 
slight modification to the software but if there are any 
problems then it is suggested that you consult your dealer or 
Acorn themselves who should be able to give any details of 
any faults or modification in the computer hardware. 
It also seems that there are a number of differences bet-

ween computers fitted with, apparently, the same operating 
system and differences in versions of BBC BASIC. Therefore, 
we suggest that you thoroughly check the hardware of your 
Speech Synthesiser Project and if you still have problems, 
make further investigations into software. 

5 REM KINDLY PRINTED OUT BY LANSDOWNE COMPUTER CENTRE,  POOLE.,  DORSET. 

10MODE 7 
2001M name$(9) 
3001M allophones(9) 
40PRINT TAB(6,2),.SPEECH DEMONSTRATION PROGRAM . 

60REM titles IS ALLOPHONE STRING FOR TITLE 
70title$4 .71S2C!GPX1,7 NT UKCIg5=g2P . 
80PR0Cspeakftitle$,I) 
9OREM SET UP USER DEFINED KEYS 
1004FY225,128 

110 0.X226,138 
120F0R inder7.40 TO 9 
170alIophoneSlindex%)4CHR$ 0,0 

140PR0Cmenu(index%) 
IS) NEXT 
160speakmode4FALSE 

170REPEAT 
180IF speakmode THEN PROCgetword ELSE PROCupdate 

190UNTIL FALSE 
200END 
210REM PROCupdate ALLOWS MENU JO SE ALTERED 
2200EF PROCupdate 
230PRINT TAB(2,23),.Type  '5'  for Sptech mode.. 
240INPUT TAB(2,17); .WORD NUMBER  (0-9)  .;reply$ 

250PROCwipe(17) 
260PROCwIpe(23) 
270IF reply$4- .S. THEN speakmode=TRUE,ENDPROC 

2801nder74VAL(rep1y$) 
2901F inder%>9 THEN 240 
300PRINT TAD,2,19);namellindex%) 

310PRINT TAB(2,20): 
320F0R count%el TO LEN(allophonef)index% ,) 
330PRIN1;ASCIMID$(allophonea(inder%),count%,1)1; 

340NEXT 
350PRINT TAB(2,220,.Press  (RETURN)  to continue.. 

360INPUT TAB(2,17);rWORD NAME r;reply1 
370IF reply$<,... THEN name$Aindex%).reply! 
380PROCwape(17) 
390PROCwipe(23/ 
40000r dD "" 
41OREPEAT 
420PRINT TAB(2,25); .Press  (RETURN)  to continue.. 
4301NPUT TAB(2,17); .ALUOPHONE NUMBER  (0-63)  r;reply$ 
440PR060ipe(17) 
4501E reply ..,... AND VAL(reply$)1,-1 AND VAL(reply$)..64 THEN wordt=wordf+CHRSIV 

AL(reply$)) 
460UNTIL reply$4 ..  
470IF word$ , ,, r THEN allophone$1index%/=word$ 
480PROCmeny(index%) 
490PR0Cspeak(allophone$fi00ex%1,0 , 

500FOR count/.419 TO 23 
510PROCwipe(count%) 
520NEXT 
5%0ENDPROC 
540REM PROCgetword GETS WORD FROM MENU CORRESPONDING TO KEY PRESSED 

550DEF PROCoetword 
560PRINT TAB(2,23); .Type  'A  to Alter menu.. 
570PRINT TAB(2,17),.(SHIFT)  to raise volume.f0-f9 

580rep1ya=GETS 
5901F reply$= ..A. 11-EN speakmodo.FALSE,PR000ipe(17):FROCwipe(23),ENDFROC 

600index%4ASCireply$I-124 
610IF inder%<0 OR inde,,%>19 THEN 580 
6201F inde,47.>9 THEN 1oud=TRUE:index%41ndex%-10:ELSE loud=FALSE 

630PROCspeak(allophone$(index%),Ioud) 
640ENDPROC 
650REM PROCmenu PRINTS ONE- LINE OF MENU SELECTED BY index% 

6600EF PROCmenu(index%) 
670PROCwipe(105ex0 06) 
680PRINT TAB(2,index% 46),index% 
690PRINT TAB(6,index7.46)1namef(inder%) 

700ENDPROC 
710REM PROCwipe ERASES ONE LINE SPECIFIED BY Y7. 
7200EF PROCwipelY%) 
730PRINT TAB(0,00);SP0(40); 
740ENDPROC 
750REM PROCapeak OUTPUTS STRING TO SPEECH SYNTH 

7600EF PROCspeaM(word ,,,lood) 
770IF loud THEN offset.128 ELSE offset.° 
78047,159 
790F0R count%.1  TO LEN(word$, 
8000%4(ASC(MIDS(wordl,count%,1))  AND ,3F)4ofis. , 

810CALL &EFTA 

1320NEXT 
830Y%4offset 
840CALL IF'FF4 
13,.0 ,JDPROC 

Information regarding the BBC Computer is 
available from: 
Acorn Computers Ltd., Customer Service Division, Cam-
bridge Technopark, 645 Newmarket Rd., Cambridge. 
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51,teafy 

by K. Lenton -Smith 

FOR READERS with access to a ZX Spectrum, here are listings of 
programs for both the constructor and 
those wishing to make better use of 
Chord Symbols. 
I have taken into account the 

somewhat tedious nature of entering 
programs from the keyboard and so 
have made them as short as possible, 
avoiding even the simple complication 
of colour or user defined graphics. 
Once entered, save the programs so 
that they will auto-run when loaded 
(e.g., SAVE "CHORDS- LINE 1). They 
can be amended subsequently to suit 
the  user's  requirements  the corn-

passes of Program  1 and 2, and 
perhaps for the addition of extra chords 
in Program 3. 

DIST WIRE 
Program One produces a table 

showing the method of distributing the 
various  signals  produced  by  the 
generator system. Frequency No. 1 is 
taken to be lowest 16' C on pedalboard 
or 5-octave manual and the multiple 
pitches (including mutations) to be 
wired to each keyswitch are shown 
numerically. 
Nine pitches per playing key is 

asumed to be the maximum that the 

Program 1: DISTINIRE 

100 CLS 
110 PRINT TAB 4;  INVERSE  1; "015 

TRIBUT ION WIRING BOARD -

120 PRINT TAB 7; "by  frequency  n 
um be r s " 
130 PRINT AT 3,0; "  16  8 ' 

4  N  2  T  L  1'" 
140 PRINT AT 3, 0;  OVER  1;' 

150 FOR n=2. TO 61 
180  IF  n =1 OR n=13 OR n=25 OR 

=37 OR n=49 OR n=61 THEN PRINT 
INVERSE  1; -C > "; 
170 PRINT TAB 2; n; TAB 6; n +12; TR 

B 9; n +19, TAB  12; n +24; TAB  15; n +31 
;TAB  18; n +36; TAB 21; n+40; TAB 25; 
n +43; TAB 29; n +48 
180 NEXT n 
190 PRINT  ' "Whe r e : - 0 
Qu in t 
200 PRINT TAB 8; "N  =  2-2/3  Na 

z a r d " 

210 >PRINT TAB 6; "T  =  1-3/5  Ti 
erce" 
220 PRINT TAB 8; "L  =  1-1/3'  La 
rigot" 

=  5-1/3' 

EIDUPL TEMPERHMENT  FPEIIWENC IE 

For  Tuning  Keyboard  Instruments 

l ti 1 32. 703196 Hz 34. 547829 Hz 
3  0  36. 708096 Hz 
4  DU  38. 890873 Hz 
5  E  41. 203445 Hz 
6  F  43. 653529 Hz 
7  FU  46. 249303 Hz 
8  G  48. 99943 Hz 
9  GU  51. 913088 Hz 
10  A  55. 000001 Hz 
11  RU  58. 270471 Hz 
12  8  61. 735413 Hz 
13  11111  65.406392 Hz 
14  CU  69.295659 Hz 
15  0  73. 416193 Hz 
16  DU  77. 781747 Hz 
17  E  82. 40689 Hz 
18  F  87.307059 Hz 

Portion of the Spectrum's response when running Program Two. 

constructor would aim for and the 
diagonal nature of the required wiring 
will become evident from the table. For 
example, it will be seen that signal No. 
49 not only supplies the lowest G at 1' 
pitch but eight other keys also. 
Because of the 32-column limita-

tion, symbols have been used to in-
dicate the mutations; the last few lines 
remind the user of their meaning. The 
higher notes at 1' pitch may well be 
almost inaudible and the generator 
may not cover them anyway. Any miss-
ing top frequencies may be substituted 
by connecting to the same key one oc-
tave lower (a processs known as 
'breaking back"). 

ET TUNE 
Program Two will print out a list of 

equal temperament tuning frequencies, 
its starting point again being 16' C as 
in the previous program. By altering 
variable y to 16.351598 the program 
can be made to start at 32' C if 
necessary. 
The  Spectrum  produces  more 

decimal places than are strictly re-
quired when tuning with a digital fre-
quency meter but making it work to a 
lesser number of places would have 
lengthened the chore of entering the 
program. The last part of the listing 
serves to remind the user of the com-
passes at various pitches. 
A free phase instrument (where each 

generator is totally independent) is 
probably the ideal application as many 
separate tunings are required. Older 
divider instruments may use individual 
oscillators at the head of each divide-
by-two string so the program can be 
used to set the 12 masters. 

Program 2: ET TUNE 

100 PRINT  INVERSE  1; "  EQUAL TE 
MPERAMENT FI OUENCIES 
110 PRINT  For  Tuning  Key boa r 

d Instruments" 
120 LET y=32. 703196 
130 LET x =EXP  ( (LN 2) /12) 
140 PRINT  ' "  1  

. Hz" 
150 FOR n=2 TO  109 
160 REPO D$ 
170  IF n<=9 THEN PRINT 
189  IF n>=10 FIND n<=99 THEN PRI 

NT 
190 Pet p -IT  "; n; "  "; D$, " 
Lx*yL  Hz" 

200 LET y= ii-y 
210  IF n=13 OR n=25 OR n=37 OR 

n=49 OR n=e1  OR n=73 OR n=85 OR 
n=97 OR n=109 THEN RESTORE 
220 NEXT n 
3173>D91-9 "cu-  D",-qu" "  

F'  "FU' ,  G', -614","  

'2  PRINT 
250 PRINT  '"  16. 35 

st  32'  Pedal" 
260 PRINT  " 65. 41 
. 8'  Manual" 
270 PRINT  "130. 81 
. 4'  Manual" 
280 PRINT  "261. 63 
. 2'  Manual" 
290 PRINT  "523. 25 
. 1'  Manual" 

Hz  ....  Lowe 

- 2093 

- 4155 

- 8372 

-15744 

Hz 

Hz 

Hz 

Hz 
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260>PRINT  " 
dim  (Dim.  7th)' 
270 PRINT  " 

Current divider organs mainly use 
Top Octave Synthesisers where only 
one tuning is required to cover the in-
strument's compass. This is a con-
venient system but those blessed with 
perfect pitch can hear the tiny tuning 
descrepancies:  these  can  be  seen 
when a d.f.m. is used with the table. 

CHORDS 
Program Three takes longer to enter 

but will be most useful when extem-
porising from sheet music showing 
Chord Symbols. Ever got stuck when 
encountering a drastic key change in 
the 'middle eight'? If D #m7 suddenly 
floors you, the computer will provide 
the answer. 
It produces 96 of the commonly 

used chords in light music and a further 
96 suggested inversions, giving ar-
peggios in each case. The inversions 
are such that they all fall into a similar 
compass and are suitable for left-hand 
accompaniment  purposes  without 
sounding either muddy or too strident. 
The computer asks for the Chord 

Symbol to be input in two parts —first 
the ROOT and then the chord TYPE. All 

the black notes must be taken as 
sharps (as flats would have involved a 
longer program and the # sign is on 
the keyboard) but either upper or lower 
case characters are accepted for the 
root. 
To use the program, suppose the 

D#m7 was required. When asked for 
the ROOT, enter D. The computer will 
then display a menu of chord types 
from which to choose and in answer to 
"TYPE of CHORD" enter m7. 
The Chord Symbol is printed on the 

screen, the first inversion indicated on 
a two-octave keyboard and the actual 
notes played in slow arpeggio. The dis-
play remains for inspection until ENTER 
is pressed again: this will produce a 
practical inversion of the chord accom-
panied by a fast, repetitive aipeggio to 
simulate the sound of that inversion, 
bearing in mind the nasal quality of the 
square wave. 
When R$ (the root) is supplied, 

variable a is set to a number between 
—12 and —1 according to that keynote. 
The chord type CS directs the com-
puter to lines that set up the required 
intervals, counting upwards from the 

Program 3: CHORDS 

10 CLS  : PRINT  -****** P. E.  CH 
ORD SYMBOLS  ******" 

20 PRINT AT 4, 0; -  C D EF G 
A BE D EF G A BC 

30 FOR m=0 TO 3 
40 • PRINT  -  • •  • • 
•   
50 NEXT m 
60  INPUT  MENU of  Chord 

70 PRINT AT 9, 0; " ” 

80 PRINT AT  12, 20, " 
90  IF R$="c"  OR  R$="C"  THEN LE 

T a=-12 
100  IF R$="  CU"  OR R$="Cti - THEN 

LET a=-11 
110  IF R$="d"  OR R$="D"  THEN LE 

T a=-10 
120  IF R$="dU" OR R$= -DU"  THEN 

LET a=-9 
130  IF R$="e"  OR R$="E"  THEN LE 

140>IF R$="f"  OR R$="F"  THEN LE 
T a=-7 
150  IF R$="fU"  OR R$="FU"  THEN 

LET a=-6 
160  IF R$="g"  OR R$="G"  THEN LE 

T a=-5 
170  IF R$="gU"  OR R$= -GU"  THEN 

LET a=-4 
180  IF R$="a"  OR R$="A"  THEN LE 

T a=-3 
190  IF R$="aU"  OR R$="AU" THEN 

LET a=-2 
200  IF R$="b"  OR R$="15"  THEN LE 

T a=-1 
210 PRINT AT  15, 0; " 

220 PRINT 
230 PRINT  "Enter  (Major) "," 
(Minor  7th)' 
240 PRINT  -  m  (Minor)"," 
(Minor  6th) " 
250 PRINT  "  7  (Dom.  7th) "," 

(Maj.  6th) "," 

root. For a Major Chord, simply press 
ENTER as its Chord Symbol consists of 
the root only. Line 480 onwards does 
printing and beeping for both chords. 
Extra chords could be added, such as 

Major Sevenths or Major Ninths. The 
Strictly Instrumental article in the May 
1980 edition briefly covered chord for-
mation. The compass of the suggested 
inversion is alterable in lines 520-550 
and by making line 510 read "PAUSE 
10 the computer can be made to skip 
quickly over the first inversion. 
As it will eventually pay to memorise 

most of these chords for extemporising 
from Chord Symbols, experimenting 
with the program will show that there 
are a few redeeeming features. You 
well see that there are only three 
diminished chords (the constituents 
each sharing the same chord). 
See if you can find the relationships 

between  certain  Major Sixths and 
Minor Sevenths —by comparing Cm7 
and D#6, for example. Until most of the 
96 chords have been committed to 
(your!) memory, the program ought to 
help to find the more elusive ones that 
usually stop the left hand in its tracks. * 

lem W 0 PRINT AT  16.. 9;  

115S90 PRINT AT  12,0; "  CHORD 
CHOSEN  is  "; R$; 
300  INPUT  "  UMWIP of  Chord 

? "; C$ 
310 PRINT CS 
320  IF C$= "  THEN GO TO 400 
330  IF Ci="m" THEN GO TO 410 
340  IF C ="7"  THEN GO TO 420 
350  IF C ="6" THEN GO TO 430 
360  IF C$="m7"  THEN GO TO  440 
370  IF C$="m6" THEN GO TO 450 
380  IF C$="+"  THEN GO TO  460 
390  IF C$= -dim"  THEN GO TO 470 
400 LET  b=a+4:  LET  c=a+7:  LET  d 
=a+12:  GO TO 460 
410 LET  b=3+3:  LET  c=a+7:  LET  d 

420>LET  b=a+4:  LET  c=3+7: 
=a+10:  GO TO 480 
430 LET  b=a+4:  LET  c=a+7: 
=3+9:  GO TO 480 
440 LET  b=a+3:  LET  c=a+7: 
=3+10:  GO TO 480 
450 LET  b=a+3:  LET  c=a+7: 
=a+9:  GO TO 480 
460 LET  b=a+4:  LET  c=a+8: 
=a+12:  GO TO 480 
470 LET  b=3+3:  LET  c=a+6: 
=3+9:  GO TO 480 
480 PRINT AT 9,3+16; "t"; RT 9, b+ 
16; "t"; RT 9,c+16; "t"; AT  9,d+16; " 
t" 
490 LET  f=. 3 
500 BEEP  f,a:  BEEP  fob:  BEEP  f, 
C:  BEEP  f,d 
510 PAUSE 0:  PRINT AT 9, 0; " 

520  IF a<-7 THEN LET  a=a+12 
530  IF  b<-7 THEN LET  b=b+12 

LET d 

LET d 

LET  d 

LET  d 

LET  d 

LET  d 

540 > IF  c 4 THEN LET  c =c -12 
550  IF d>4 THEN LET d=d-12 
560 PRINT AT  12, 0;  An  inv 

ersion  of  " 
m7  570 PRINT AT 9,8+16; "t"  PRINT 

AT 9, b+16;  : PRINT AT  9, c +16; " 
m6  t":  PRINT AT 9,d+16; "t" 

580 PRINT AT  15, 7; -

590 LET  f=. 02:  FOR n=0 TO  15 
500 BEEP  f,a:  BEEP  f,b:  BEEP  f, 

BEEP  fod 
510 NEXT n 
520 GO TO 60 
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PRACTICAL ELECTRONICS 
PRINTED CIRCUIT BOARD SERVICE 

Printed circuit boards for certain PE constructional projects are now 
available from the PE PCB Service, see list. They are fully drilled 
and roller tinned. All prices include VAT and postage and packing. 
Add £1 per board for overseas airmail. Remittances should be sent 
to: PE PCB Service, Practical Electronics Editorial Offices, 
Westover House, West Quay Road, Poole, Dorset BH15 
1JG. Cheques should be crossed and made payable to IPC 
Magazines Ltd. 

Please note that when ordering it is important to give project 
title, order code and the quantity. Please print name and address in 
Block Caps. Do not send any other correspondence with your order. 
Readers are advised to check with prices appearing in the 

current issue before ordering. 

NOTE: Please allow 28 days for delivery. We can only 
supply boards listed here. 

PROJECT TITLE Order 
Code 

Cost 

Spectrum Autosave  MAR '84 403-01 £1.83 

Sustain Unit 405-02 £2.82 
Audio Signal Generator  MAY '84 405-03 £4.28 

405-04 £2.51 

Cross Hatch Generator  JUNE '84 406-01 £3.52 

Simple Logic Analyser I 407-01 £7.73 
EPROM Duplicator 407-02 £3.74 
Alarm System  JULY '84 407-03 £3.19 
Oscilloscope Calibrator 407-04 £4.23 

Comm. 64 RS232C Interface 408-01 £3.02 
Field Measurement  AUG '84 408-02 £3.19 

408-03 £2.76 
Simple Logic Analyser II 408-05 £2.93 

Parallel to Serial Converter 
Through the Mains Controller  SEPT '84 

409-01 
409-02 
409-03 

£2.92 
£2.88 
£2.71 

Logic Probe OCT '84 ' 410-01 £1.90 

Computer DFM Adaptor  NOV '84 411-01 £2.76 

Ni-Cad Charger  DEC '84 412-01 £2.40 

JAN '85 
Outrider Car Computer (Set of 2 boards) 501-01/2 £9.10 
Modular Audio Power System 

Pt-1: Power Amp Board 
Spectrum DAC/ADC Board 

FEB '85 502-01 
502-02 

£4.19 
£3.69 

Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 

Main Board 
Heart Beat Monitor 

Detector 
Main Circuit Board 

Low Cost Speech Synthesiser 

MARCH '85 

503-01 
503-02 

503-03 
503-04 

503-05 

£5.00 
£5.12 

£8.90 
£6.62 

APRIL'85 
Power Control Interface 
Disc Drive PSU 
Modular Audio Power System 
Pt-3; Test Signal Source 

Power Supply 

504-01 
504-02 

504-09 
504-10 

£3.36 
£6.54 

£4.20 
£4.17 

MAY '85 
Amstrad Synthesiser Interface 
Rugby Clock Pt-2 

505-01 
504-03 
504-04 
504-05 
504-06 
504-07 
504-08 

£4.23 
£24.22 
£9.06 
£5.12 
£9.54 
£5.40 
£10.24 

JUNE '85 
CBM64 MUSIC KEYBOARD 

Keyboard 
Main PCB 

506-02 
506-03 

f4.55 
£3.50 

DON'T MISS AVITAL COPY! 
Ever been in the middle of a project 
only to find the next issue sold out? 
An annual subscription to PRACTICAL 
ELECTRONICS solves the problem. 

SUBSCRIPTION 
RATES 

U.K. 
Overseas 

£13.00 
£15.00 

COMPLETE 
AND POST 
THIS 

ORDER FORM 
TODAY! 

Wherever you live you'll receive a 
copy regularly each month. It's the 
quick, practical way to solve delivery 
problems. 

T PR A CTI C AL 

ELECTRONICS 
Annual Subscription Rates 
U.K.  £13.00 
Overseas  £15.00 
(Students: deduct Et and quote 
Student number) 

Complete this form and 
post it, with payment or 
credit card authorisation to: 
Practical Electronics 
Subscription Dept. 
Oakfield House, 
35 Perrymount Road, 
Haywards Heath, 

, West Sussex RH16 3DH  

SUBSCRIPTION 
ORDER FORM 

POST COPIES TO 

NAME   

ADDRESS   

 POST CODE 

I enclose my cheque/PO payable to IPC Magazines Ltd for E   
Charge my credit card A/C at quoted rate   vn JE JO 

Card valid from  to   

 Signature   



  CCT 

iFREE 
44 PAGE 
PRICED AND 
ILLUSTRATED 
CATALOGUE 
ON REQUEST 

FOR QUALITY COMPONENTS/.  
BY MAIL ORDER 

 '—; 

\_) 0\ /A LL 

FREE POSTAGE 
GOOD DISCOUNTS 
GOOD SERVICE 
THOUSANDS OF 
STOCK ITEMS 

PHONE YOUR ORDER 
ACCESS OR 

BARCLAYCARD 

ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green, Egham, 
Surrey TVV20 OHB Phone Egham (0784) 33603. Telex 264475 
North Branch, 680 Burnage Lane, Manchester M19 1NA 

Phone 061 432 4945 
Please mention this publication when replying 

'FREE CAREER BOOKLET' 
Train for success, for a better job, better pay! 

Enjoy all the advantages of an ICS Diploma Course, training you 
ready for a new, higher paid, more exciting career. 
Learn in your own home, in your own time, at your own pace, 

through ICS home study, used by over 8 million already! 
Look at the wide range of opportunities awaiting you. Whatever 

your interest or skill, there's an ICS Diploma Course there for 
you to use. 
Send for your FREE CAREER BOOKLET today — at no cost or 

obligation at all. 

Choose from over 40 GCE  '0' and 'A' level subjects. LI 
COMPUTER 
PROGRAMMING LI 

CAR 
MECHANICS LI 

BOOK-KEEPING & 
ACCOUNTANCY LI 

INTERIOR 
DESIGN LI 

POLICE 
ENTRANCE LI 

HOTEL 
MANAGEMENT LI 

ELECTRONICS COMMERCIAL 
ART 

Please send FREE DETAILS for the courses ticked above. 

Name    

Address   

P Code   

ICS Dept. EDS65, 312/314 High St., Sutton, 
Surrey SM1 1PR. Tel: 01-643 9568/9 or 
041-221 2926 (all hours). Please allow 14 working days for delivery. 

5 
STEREO 
CASSETTE 

DECK 

R 

From 

INCLUDING VAT & CASE PLUS £2.75 P & P 
For a special offer price of only £29.95 we're offering you this super 
Quaser Cassette Deck Kit. Including tape transport mechanism, n, 
ready punched and back printed quality circuit board and all elect-
ronic parts i.e. semi-conducters, resistors, capacitors, hardware, top 
cover, printed scale, mains transformer and a self assembly simulated 
wood cabinet. You only supply solder and hook-up wire. 

SPECIFICATIONS: 
Case size 285x260x90mm approx. Mechanism with automatic stop 
and tape counter with reset button. Tape Speed: 4.76cm/sec (1 7/8 
in/sec). Wow & Flutter: Typically 0.1%. Drive Motor: 12V d.c. with 
electrical governor. Play Torque: 40-75g/cm (DYNAMIC). Rewind 
& Fast Forward Torque: 60-140g/cm (STATIC). Rewind & Forward 
Time: Less than 100 sec. for C60 tapes. Bias/Erase Oscillator: 
Externally variable, frequency 60-100kHz. Output: (Adjustable) Up 
to 1 volt r.m.s. Mic. Sensitivity: 1mV @47k. DIN Sensitivity: 30m 
V @47k. Frequency Response; 30Hz-12.4kHz (-3dB). Signal to 
Noise Ratio. Noise reduction OFF-50dB. Noise reduction H.F. 
-56dB Noise reduction FLAT-70dB Cross Talk: Typically-50d8. 

CALLERS WELCOME: 323 EDGWARE RD., LONDON W2. 
— Ooen 6 days a week 9.00 — 5.30. 
21 HIGH ST., ACTON LONDON W3 6NG 
Tel: 01-992 8430 — Open 6 days a week 9.30- 5.30 
Y. day closing Wednesdays 

To: RT-VC, 21B High St., Acton, London W3 6NG 
= I M I I =  I=1 al n I = = I 11 =  M I = 0 =11-

Please send me Kit/s 

One deck kit costs £29.95 plus £2.75 p&p (£32.70) 

I enclose PO/Cheque No   Value   

Name   

Address   

Access 'phone orders 01-992 8430 

To: RT-VC, 21A High Street, Acton, London W3 6NG I 

N M . . . . . 110M W M 1 =  1=1 1 
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When  replying  to  Classified 
Advertisements please ensure: 

(A) That you have clearly stated 
your requirements. 

(B)  That you have enclosed the 
right remittance. 

(C)  That your name and address 
is written in block capitals, 
and 

(D) That your letter is correctly 
addressed to the advertiser. 

This will  assist advertisers  in 
processing and despatching orders 
with the minimum of delay. 

RECEIVERS AND COMPONENTS 

TURN YOUR SURPLUS capacitors, transistors, etc into cash. 
Contact COLES HAFtDING &  CO., 103 South Brink, 

Wisbech, Cambs. Tel. 0945 584188. Immediate settlement. 

HEATHKIT. UK  spares  and  service  centre.  CEDAR 

ELECTRONICS,  Unit  12  Station  Drive,  Bredon, 

Tewkesbury, Gloucestershire. Tel. (0684) 73127. 

BOURNEMOUTWBOSCOMBE. Electronic components special-
ists for 33 years. FORRESTERS (NATIONAL RADIO 

SUPPLIES), Late Holdenhurst Road. Now at 36, Ashley 

Road, Boscombe. Tel. 302204. Closed Weds. 

R. J. HEAP ELECTRONICS. Professional or hobbyist services. 
SAE details: Church Hill Works, Sydenham Dameral (Tavis-

lock), Devon PLI9 8PU. 

SMALL ADS 
The prepaid rate for classified advertisements is 36 
pence per word (minimum 12 words), box number 60p 
extra. Semi-display setting £12.00 per single column 
centimetre (minimum 2.5 cms). All cheques, postal 
orders etc., to be made payable to Practical Electronics 
and crossed "Lloyds Banks Ltd". Treasury notes should 
always be sent registered  post. Advertisements, 
together with remittance, should be sent to the 
Classified Advertisement Dept., Practical Electronics, 
Room 2612, IPC Magazines Limited, King's Reach 
Tower, Stamford St., London, SE1 9LS. (Telephone 
01-261 5846). 

BRAND NEW COMPONENTS BY RETURN 
Electrolytic Capacitors 16V, 25V, 50V. 
0.47,  1.0,  2.2,  4.7  &  10  Mfds.  -  5p. 
22 & 47--.8p. 100-7p. 150V -8p). 220-8p. (50V-19p), 
470-11p.  140V-18p),  1000/15V-15p.  1000/25V-25p. 
1000/40V-35p. 4700V/25V-70p. 

Subminiature bead Tantalum elet.trarlyeiCS. 
0.1,  022,  047,  10  0, 35V,  47  (a)  6.3V  -  14p. 
2.2/35V,  47/25V-15p.  10/25V,  15/16V -20p. 
22/16V,  33/10V,  47/6V,  68/3V  &  100/3V-32p. 
15/25V,  22/25V,  47/10V-35p.  47/16V -80p. 

Submini   Ceramic  Caps.  E12  Series  100V. 
2%  10  pf.  to  47  pf.--3p.  56  pf.  to  330  pl. -4p. 
10%  390  p1.  to  4700  pf.-4p. 

Vertical  Mounting  Ceramic  Plate  Caps.  50V. 
E12 22 pi. to 1000 pf. E6 1500 pf. to 47000 pf. -2p. 

Polystyrene  El2  Series  63V.  Horizontal  Mntg. 
10  pf.  to  820  pf. -3p.  1000  pf.  to  10,000  pf. -4p. 

Miniature  Polyester 250V Vert.  Mtg.  RS  Series. 
•01  to  •068-4p.  .1-5p.  .15,  .22 -0p.  .33,  •47 -10p. 
•68 -  12p.  1.0 -  15p.  1-5 -  22p. 2.2 -  24p. 

Mylar  (Poi  I Film  100V.  Vertical  Mounting. 
001, .0022, •0047 -3p. ,01, 022-4p. 04, -05, 0-1 -5p. 

High Stability Miniature Film Resistors 5%. 
1/4W E24 Series 0.518 - 10M0. -  1p. 
1/2W El2 Series 1R0 to 10M0. -  11/2p. 
1W E12 Series 108 to 10M0. -  RP. 
1/4W metal film E12 Series 108.1 MO. 5% - 2p. 1%-824 - 3p. 
1N4148-2p.  1N4002 -4p.  1N4006-8p.  1N4007 -7p. 
BC107/8/9-12p. 8C147/8/9, 13C157/819. 6E195 & 7-10p. 
8 Pin  i.c's.  741  Op.  am p.-25p.  555  Timer-28p. 
Oil  Holders  8 pin -9p.  14  pin -12p.  16  pin -14p. 
LED's.  3 & 5mm.  Red-10p.  Green  & Yellow-14p. 
Grommets for 3mm. -1 1/2p. Grommets for 5mm -2p. 
20mm.  0.8.  Fuses  .15,  -25,  .5,  1, 2, 3 & 5A -5p. 
20mm.  Anti  Surge  100mA  to  5 OA -8p. 
20mm.  Fuseholders  P.C.  or  Chassis  Mtg. -8p. 
Battery  Snaps  (pairs)  PP3-8p.  PP9-12p. 
400m W  Zener  diodes  E24  series  2V7  to  33V -8p. 

Prices VAT inclusive Post 20p. (Free over £5.001. 

111E C.R. SUPPLY CO. 
127, Chesterfield Rd., Sheffield S8 ORN. 

HOME SECURITY 

CE NTURI O N" 
AL ARMS 

Manufacturers  of 
Professional Alarm 
Equipment, for DIY 
& the TRADE. Send 
now for our New 16. 
page Brochure, Full 
of Information & the 
Lowest prices. 
O M NI 
VISA 

Tel: (0484) 

21000 
or 35527 24 hr. 

ALARMS 
0•114121000 

CENTURION Dept PE 
93 Wakefield Road, 
Huddersfield. 
H D5 9AB 
W. Yorks. 

'Or CENTURION is o Registered Trademark of Centudon Alarms , 

NOTICE TO 
READERS 

Whilst prices of goods shown 

in classified advertisements are 

correct at the time of closing 

for press, readers are advised to 

check with the advertiser to 

check both prices and 

availability of goods before 

ordering from non-current 

issues of the magazine. 

HOME SECURITY CONT. 

SERVICES 

INVENTORS 
Think of something new? 

Write it down! - 
American industry offers potential 
royalties for your innovations and new 
products. We offer free confidential 
disclosure  registration  and  initial 
consultation in London regarding your 
idea's potential value. Write without 
delay  for your free  information 
package. 

American Inventors Corporation 
82, Broad Street, Dept PT 

Westfield, Massachusetts 01086 
United States of America. 

A fee based marketing company. 

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 

Please insert the advertisement below in the next availble issue of Practical Electronics for   

insertions.) enclose Cheque/P.O. for   
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics) 

NAME 

ADDRESS   

PRACTICAL ELECTRONICS 
Classified Advertisement Dept., Room 2612, 
King's Reach Tower, Stamford Street, 
London SE1 9LS  Telephone 01-261 5846 
Rate: 
36p per word, mini mu m 12 words. Box No. 60p extra. 

Co mpany registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Sta mford Street, London SE1 6/85 



SITUATIONS VACANT 

Thames Polytechnic 
School of Business Administration 

LANGUAGE LABORATORY TECHNICIAN 
Grade 5 (Under Review) 

Duties include the operation and maintenance of 
electronic equipment associated with the three lan-
guage laboratories. Some experience with micro-
processors, video recorders or word processors 
would be an advantage. Applicants should have an 
HNC/HND or equivalent qualification plus relevant 

experience. 

Salary scale: £7,282-£8,386 inclusive. 
Further particulars and application form from the 

Staffing Officer, Thames Polytechnic, 
Wellington Street, London SE18 6PF, 
to be returned by 14 May 1985. 

Thames Polytechnic is an equal opportunities 
employer. 

MISCELLANEOUS 

MORE BARGAINS. Piezzo buzzers 1.5-28v DC 70p, 19 way flat 
ribbon cable 26p/M, 0.5" seven segment C.A. LED 85p. Last 
month's offers still available. Please add 50p P&P then VAT. 
For full lists send SAE. JPG ELECTRONICS, 276 Chats-
worth Road, Chesterfield (0246) 211202. 

TINPLATE YOUR PCB'S for easy soldering. Hot solution dip for 
ten minutes. Half gallon kit £6, post paid. HERBERT, 93 
Carisbrooke Road, Newport, I.O.W. 

SUPERB INSTRUMENT CASES by Bazelli, manufactured from 
PVC. Faced steel. Vast range, competitive prices start at a 
low £1.50. Punching facilities at very competitive prices. 
BAZELLI, (Dept. 23), St. Wilfredo, Foundry Lane, Halton, 
Lancaster LA2 6LT. 

CABINET FITTINGS 
Fretcloths, Coverings, Handles, Castors, 

Flight Case Locks & Parts, Jacks, XLRs. 
Bulgins, Reverb Trays, P & N mic Stands, 

ASS Glassfibre Horns, 

CELESTION POWER 

Speakers. 

Send 

30p cheque/ 

PO for illustrated 

catalogue Adam Hall (PE Supplies), 

Unit G, Carlton Court, Grainger Road, 
Southend-on-Sea. 

CLEARING LABORATORY, scopes, generators. P.S.U.'s, bridges, 
analysers, meters, recorders etc. Tel. 0403-76236. 

PROFESSIONAL QUAUTY HANDTOOLS for electronics at trade 
prices. SAE to E.C.F., Goldhanger Road, Heybridge Mal-
don, CM9 70S. 

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920 
for our catalogue or call at our large showroom, opposite 
Odsal Stadium. 

THE SCIENTIFIC WIRE COMPANY. 
811 Forest Read, London E17. Telephone us-ess 1588 

ENAMELLED COPPER WIRE 
SWG  1 lb  80z  40z  20z 
8 to 34  3.63  2.09  1.10  0.88 
35 to 39  3.82  2.31  1.27  0.93 
40 to 43  6.00  3.20  2.25  1.61 
44 to 47  8.67  5.80  3.49  s 2.75 
48  '  15.96  9.58  6.38  3.69 

SILVER PLATED COPPER WIRE 
14 to 30  9.09  5.20  2.93  1.97 

TINNED COPPER WIRE 
14 to 30  3.97  2.41  1.39  0.94 
Fluxeore 
Solder  5.90  3.25  1.82  0.94 
Prices include P&P VAT. Orders under £2 add 20p. 

SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 

BOOKS AND PUBLICATIONS 

FULL SIZE, top quality service sheets £2.50 + I.s.a.e. CiV/ 
Music Centres £.3.50 + Ls.a.e. Repair data almost any named 
TV-Video £10.50 use, circuits. L.s.a.e. brings any quote free 
magazine/price lists. TISPE, 76 Churches, Larkhall, Lanark-
shire. 0698 883334. 

OPTOELECTRONICS DATA BOOK from Texas Instruments £5.09 
post free. SAE for full list of Texas and Intel data books at 
lowest prices. Agents for leading technical publications. Write 
or phone for quotation: MGBOOKS, 24a Newgate, Barnard 
Castle, County Durham DL12 8NG. Tel. (0833) 31130. 

BOOKS WANTED FOR CASH 
Top prices paid for your unwanted elec-
tronics and computer books. 
We also have a wide selection of new and 
used books and magazines in stock. 

For list of currently available titles and details 
of our guaranteed buy back plan SAE please 

to: 

JAMES ELECTRONICS (DEPT. P.E.) 
P.O. Box 2, Rothwell, Leeds 1S26 OUY 

SERVICE SHEETS 

BELLS TELEVISION SERVICES for service sheets of Radio, TV, 
etc £1.50 plus SAE. Colour TV Service Manuals on request. 
SAE with enquiries to B.T.S., 190 Kings Road, Harrogate, 
N. Yorkshire. TeL (0423) 55885. 

COURSES 

FULL-TIME 
TRAINING 
COURSES 

2 YEAR 
BTEC National Diploma (OND) 

ELECTRONIC & 
COMMUNICATIONS ENGINEERING 

(Television & Computing) 

15 MONTHS 
BTEC National Certificate (ONC) 

ELECTRONIC EQUIPMENT SERVICING 
(Television & Video) 

15 MONTHS 
BTEC National Certificate (ONC) 
COMPUTING TECHNOLOGY 

9 MONTHS 
BTEC Higher National Certificate (HNC) 

COMPUTING TECHNOLOGY 
& ROBOTICS 

HIGH PERCENTAGE OF COLLEGE BASED 
PRACTICAL WORK 

SHORT COURSES WITH PREVIOUS 
KNOWLEDGE 

NO EXTRA CHARGES FOR OVERSEAS 
STUDENTS 

Prospectus from: 

LONDON ELECTRONICS 
COLLEGE 

Dept: AA, 20 Penywem Road, 
London SVV5 9SU. Tel: 01-373 8721. 

er - 
* BAKER *  ..... • 
GROUP PA DISCO  I  I  3  4 , 
AMPURERS post E2 0  0  0  0 'Im' ' Im 

150 watt Output, 4 input Mixer pre-amp. Illustrated  69 
150watt Output, Slave 500 rnv. Input 3 Speaker Outputs...  ... IMO 
150+150 watt Stereo, 300 watt Mono Slave 500 rnv. Inputs £125 
150 watt PA. Vocal, 8 inputs. HigtVLow Mixer Echo Socket £129 
100 watt Valve Model, 4 inputs, 5 Outputs. Chassis only ........... £99 
60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm + 1COv line UM 
Reverb Unit for Microphone or Musical Instruments CM PP El. 
Electronic Echo Machine for tee/etc OM PP EL Deluxe £95. 

BAKER LOUDSPEAKERS  Post £2 each 
Type  Model  Size  Watts Ohms  Price 
P.A./Disco/Group  DG50/10  10  50  8/16  £18.00 
Midrange  Mid 100/10  10  100  8  85.00 
I- i  Major  12in  30  418116 £16.00 
Hi-Fi  Superb  12in  30  8/16  126.00 
P.A./Disco/Group  DG45  12in  45  4/8/16 £16.00 
Hi-Fi  Woofer  12in  80  8  £25.00 
Hi-Fi  Auditorium  Thin  60  8/16  £37.00 
P.A/Disco/Group  0075  12in  75  4/8/16 E20.00 
P.A/Disco/Group  00100  12in  100  8/16  86.00 
P.A/Disco/Group  DG100/15  15in  100  8/16  £35.00 

DISCO CONSOLE Twin Decks, mixer pre amp f145. Carr f 10. 
Ditto Powered 120 watt £199; or Complete Disco £300. 
120 watt BOO; 150 watt 1680; 300 watt £410. Carr £30. 
DELUXE STEREO DISCO MIXER/EOUAUSER plus LE.D. V.U. 
displays 5 band graphic equaliser, left/right fader, switchable 
inputs for phone/line, mike/line. 
Headphone Monitor, Mike Talkover Switch  E129 pp f2 
As above but 3 Deck inputs, 4 Line/Aux inputs, 2 Mic. inputs, 2 
Headphone Monitors, Stereo Graphic + LED Display f145. 

PA. CABINETS (empty) Single 12 84; Double 12 60. carr £10. 
WITH SPEAKERS 75W £56; 90W £75; 150W £84; 200W £92. 
HORNBOXES 200 Watt £32, 300 Watt £38. Post £4. 

OUTDOOR HORNS 8 ohms. 25 watt £22. 30 watt £25.40 watt £33. 
20W plus 100 volt line £38. Post £2. 
MOTOROLA P160 ELECTRONIC HORNPNEETER, 33/4 in. square  Ea 
18/ watts. No crossover required. 4-8-16 ohm, 141 x 31/8m.  DO 
CROSSOVERS.1WO-WAT 3030 c/s 40 watt £450. 60 watt Th. 100 watt Ea. 
3 way 950 cps/3030 cps. 60 watt 11.50, 80 watt £7, 100 watt £10. 
LOUDSPEAKER BARG/UNS Please enquire, many others in stock. 
4 ohm, 5in. 7x4m. 650; 61/2n, 8x5in. El tin. 12.50. 61/2 in. 25W £7.50. 
Rake., Min. 3in.112; 5x3in, Shun, 1 x4in, 5in. 12.50; 61/2 in, 8 x Sin n; 8in. 
£4.50; 1Sin. 6; 12in. £6. tie. 25W 12.50. Iiin. Twin Cone 60W E1250. 
15 ohs, 214n, 31/2 in, 503,0, 6114in. £250. 61/2 in IOW 6, 8in, Et 10in. £7. 
25 Min In. 0; 503in, 6x4in, 7x4in. 630. 120 oket 31/4in dia. El. 

Make  Model  Site  Watts Ohms Price Post 
AUOAX  WOOFER  SI/On. 25  8  £10.50  El 
GOODMANS  HIFAX  11/2  x4I/4in 100  8  134  £2 
GOODMANS  118 WOOFER  13in.  60  8  £13.50  £1 
WHARFEDALE  WOOFER  8in.  30  8  650  f2 
CELESTION  DISCO/Group  10i0.  50  8/16  £21  £2 
SEAS  WOOFER  10n.  50  8  £19.50  £2 
GOODMANS  HPG/GROUP  12in.  120  8/15  O M  £2 
GOODMANS  HPD/OISCO  12in,  120  8/15  £13.16  £2 
H+H  DISCO/GROUP  15i0.  100  4/8/16 £44  £4 
GOODMANS  HP/BASS  ISin.  250  8  £74  £4 
GOODMANS  HPD/BASS  18in.  230  8  67  04 
PEERLESS  TWEETER  3I/4in. 60  8  6.50  El 
AUDAX  TWEETER  21/2 in. 30  8  £4  El 

METAL GRILLES 8in. £3.00, 10in. £3.50, 12in. £4.50, 15in. £5.50, 
18in. f7.50. Loudspeaker Covering Vynair etc. Samples. SAE. 

DISCO SOUND / UGHT CONTRO W3I 
Ready Built Deluxe 4 Channel 4,000 watt sound chaser + speed + 
programme is  controls £69. Mk.2 16 programmes, 69. PP £2. 

"PARTY LITE, Sound Flashing, Light Show. 4 lamps, self 
contained unit 240v AC. No other connections needed f34.95. PP £2. 

MAINS TRANSFOR MERS  Price Post 
250-0-250V 80mA 6.3V 3.5A. 6.3V 1A.  £7.00 £2 
350-0-350V 250mA. 6.3V 6A CT £12.00 Shrouded  £14.00 £2 
220V 25mA. 6V 1 Amp 113.00  220V 45mA. 6V 2 Amp  £4.00 El 
250V 60mA 6.3V 2A.  £5.00 fl 
Low voltage tapped outputs available 
1 amp 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60  £6.00 £2 
ditto 2 amp £10.50  3 amp £12.50  5 amp £16.00 £2 
31-26-0-26-33 volt 6 amp  £14.00 £2 
LOW VOLTAGE MAINS TRANSFORMERS 115.50 each post paid 
9V, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 11/2A; 30V, 5A+ 17-0-17V, 
2A; 35V, 2A; 20-40-60V, 1A; 12-0-12V, 2A; 20-0-20V, 1A; 50V, 2A. 

16.50 post 50p M M-MULTI TEST ER 
Pocket size instrument. DC volts 15, 150, 500, 1000. 
AC volts 15, 150, 500, 1000. DC 0.1ma, 0-15Orna. 
Resistance 0 to 100K. De-Luxe Range Doubler Meter, 
50,000 ono. 7 x 5 x 2in. Resistance 20 meg in 5 
ranges. Current 50pA to 10A. 0-259/ to 1000V DC. by 
to 1000V AC.  £25.00 post £1 

PANEL METERS 50pA, 1001eA, 5000A, lmA, 5mA, 100mA, 500mA, 
1 amp, 2 amp, 5 amp, 25 volt, VU 21/402 01 1/4in.  £5.50 post 50p 

PROJECT CASES. Black Vinyl Cowered Steel Top, All Base 
4 x 21/2 x 21/4in. E2.50i 6 x 4 x 11/2 in. £3.60; Sc 5 x 2in. £4.00; 
11 x 6 x 3in. £5.50; 1146 060 5in. £9.00; 15 x 8 x 4in. £12.00. 
ALUMINUM PANELS 18 s.w.g. 12 x 12in. £1.80; 14 x Sin. £1.75; 
6 x 4in. 55p; 12 x 8in. £1.30; 10 x lit, 96p; 80 6in. 90p; 14 x 3in. 

12 .x. 5in. 90p; 16 x 10in. £3.10; 16 x 6in. 630, , 
ALU M:BUPA BOXES. 4 x 4 x 2 V4in. E1.60; 7 x 5 x 21/2 in. 12.90; 
3 x 2 x tin. El; 4 x 21/2 x 2in. £120; 4 x 4 x 11/2 in. £1.50; 
6 x 4 x 2in. £1.90; 6 x 4 or 3in. £220; 8 x 6 x 3 in. £3.00; 
10 x 7 or 3in. £3.60. 12 x 5 x 3in. £3.60; 12 x 8 x 3in. 6.30. 
10041/2 0 3in. 12.90; 4051/4x21/2 in. £1.50; 4023/40 11/2 in. 6.20. 

HIGH VOLTAGE ELECTROLYFICS  20+20/350V  75p 
16/450V  . 50p 220/400V .  £2  32+32/500V  E2 
20/500V  .... 75p  8+E/500V ...... 6  32+32/350V  50p 
32/350V .......... 46p  8+16/450V. 75p  32+32+32/450V £1.50 
32/500V  95p 16+16/350V .. 75p  16+32+32/500V  £2 

SINGLE PLAY RECORD DECKS. Post £2 
Make  Drive  Model  Cartridge  Price 
BSR  Belt  12 Volt  Ceramic  £20 
BSR  Belt  P232  Magnetic  £28 
BSR  Rim  P207  Ceramic  £20 
AUTOCHANGER  BSR  Ceramic  £20 
AUTOCHANGER GARRARD Ceramic  124 a 
DECCA TEAK VENEERED PUNTH sparse f Of srnall amplifier 
Board cut for BSR or Garrard 180/4in. x 14 /4,0. x 4/n. 115. Post £1 

* * * -STOP PRESS * * * 
H & H 1000 Watt stereo/mono. Professional Power 

Amplifiers S5000 Reconditioned, guaranteed. £275, carriage ES. 

RADIO COMPONENT SPECIALISTS 
Dept 3,331, WHITEHORSE ROAD, CROYDON 

SURREY, U.K. Tel: 01-6041609 
!ACCESS!  Post  Gs, kfini„,„„,, Caller s weic....  1-9ThA 

Same day despatch. Closed Wed. Lists 34p. 
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THE CLEF CMS 

The FULLY progra m mable digital synthesiser 
that you can AFFORD 
THE NE W CLEF COMPUTER MUSIC SYSTE M 
is so user progra m mable that you need a 
BBC Micro to run it! 32 harmonically pro-
gra m mable oscillators. 32 progra m mable en-
velopes. 5 octave touch sensitive keyboard, 
up to 4 OSC/ENVS per note. Real time se-
quencing. Massive potential for future soft-
ware. Co mplete system (without BBC Micro) 
£495 built. Phone or write for details. Modular 

syste ms also available. 

kTA 1114-1[ 
MASTER RHYTHM 
PROGRAMMABLE DRUMS 

As 
Published 
in RE 

Twenty-Four  Rhythm  programmable 
Drum Machine with twelve instruments. 
Eight sections are extended to 24/32 
measures for two bar programming. 
Sequence operation and instrument tone 
adjust.  COMPLETE KIT £79 
STRING ENSEMBLE  £198.50 
ROTOR-CHORUS  £98.00 
MICROSYNTH P.C.B. & ELECT KITS 

£86.90 
PERCUSSION SYNTH P.C.B. & ELECT 
KITS  £97.90 

88/72 NOTE PIANOS 
SPECIALISTS SINCE 1972 

Using Patented electronic technique to give 
advanced simulation on Piano Key Inertia. 
COMPONENT KITS 
including Keyboard 

88 NOTE  £266 
72 NOTE  £234 
The above may also be 
purchased in four parts. 
SQUARE FRONT 
KEYBOARDS 

88 NOTE  £60 
49 NOTE  £29 
73 NOTE  £50 
30 NOTE  £19 
KEYSWITCH ITEMS 
ALSO AVAILABLE 

ALL PRICES INC. VAT. CARR & TELEPHONE ADVICE. 
S.A.E. for full Specs & MANE. PRICES. VISA-ACCESS-
AMERICAN EXPRESS. Competitive quotes can be 
given for export, Allow 3-14 days for normal despatch. 

BAND-BOX 
PROGRAMMABLE BACKING TRIO 

As Published in P.E. 
THREE PIECE BACKING BAND 
Generates the sounds of three in-
strumentalists to back Soloists 
DRUMS + BASS + KEYBOARDS 
Over 3,000 chord changes 160 
scores) 00 132 different chords— 16 
chord sounds. Master Rhythm also 
required. 

FULL KIT  £265  BUILT  £370 

CLEF PRODUCTS (ELECTRONICS) LI MITED 
(Dept P.E.) 44A BRA MHALL LANE SOUTH BRA MHALL 

STOCKPORT CHESHIRE SK7 1AH  TEL 061-439 3297 

ELECTRO NICScRI i   0  11 

PE 6 

It's no secret! 
. . that there is a real difference at 
Cricklewood Electronics. That's why you 
should  never  be without the  FREE 
CRICKLEWOOD  ELECTRONICS  COM-
PONENTS CATALOGUE, for sheer variety, 
competitive prices and service from the U.K.'s 
number one 100% component shop. No 
gimmicks, no gadgets or computers, just 
components, millions of them, all easily avail-
able by mail order, calling or credit card 
telephone orders. Just pick up the phone or 
a pen) to get your FREE copy now (no SAE 
required). You have nothing to lose. 

CRICKLEVVOOD ELECTRONICS LTD. 
40 Cricklewood Broadway 44W2 3E1, 

01-450 0995 & 01-452 0161 
All MAJOR CRONE CARDS ACCEPTED 

Telex 914977  Phone or write today 

OVERSEAS ORDERS 
Overseas readers are reminded that un-
less  otherwise  stated,  postage  and 
packing charges published in advertise-
ments apply to the United Kingdom 
only. 
Readers wishing to import goods from 
the United Kingdom are advised to first 
obtain from the advertiser(s) concerned 
an exact quotation of the cost of sup-
plying their requirements carriage paid 
home. 

EPROM SPECIAL 

2716 450 NO  £3.00 each  2764 450 NIS  MOO each 
2732 450 NS  a m each  27128 450 NS  f19.00 each 

COMPONENT PACKS 
lir:ock (ily  

Descripbon  Price 

. Nil 12 RED 5mm LED  £1.08 
N 12 6 Green 5mm LEO  ELM 
N 13 
N 51 

6 
15 

Yellow 5mm LEO  MOO 
Mete Offdled On LEO  MOO 

N 11 25 5mm LED Clips & Rings  £1.00 
N 15 30 50044, Zone's 5%  C1.00 
N 21 100 1 amp Recilhodes in MOO Senes  MOO 
N 22 200 4148 (Nodes  U M 
N31 
N 23 

KO 
12 

4151 Diodes  0310 
1 amp Bridge Rect.  MOO 

NOR 
N 25 

20 
1 

3 amp Rect Diodes  1/2_90 
OAF 12 Photo Contacts  ELT 

N 26 250 Mixed Reenters  E2.00 
NO 100 Mixed Trans Hardware  C1.00 
N 21 10 BR 100 Diodes  MOO 
N 28 
N 17 

1 
10 

2N3055 Power Transistor  MP 
BC 108C  £1.00 

618 15 BC 337  £1.00 
N 19 
920 

10 
10 

BC 107  £1.00 
BC I50  EIDO 

9121 15 E1413 86  MOO 
N 121 10 BC 10943  £1.00 
N 124 
N 29 

100 
40 

Tranststor Pads  £1.00 
14trum horn pre-set I/O yalues1  £1.08 

N 125 10 Mixed Pots inc slides  ELM 
N 126 12 8 per OIL Sockets  E1130 
N 127 
N 128 

10 
10 

10 pm OIL Sockets  f1.00 
16 ern OIL Sockets  ELM 

N 230 15 18 pin OIL Sockets  ELM 
N 129 15 IC's all different  4200 
N231 
N 233 

10 
10 

LM 3913N  um 
Mixed Inc 17,4 senes/  me 

N234 5 709  U M 
NO 
NM 

10 
1 

L44324  8520 
555 Tuner  EOP 

655 25 741  45.00 
N 235 50 ElectroMics Axial  MOO 
N 236 
N 737 

50 
103 

Electrolytics Radial  U M 
Ceramic Dtscs  0.00 

N LtS 103 Ceramic Plates  flit 
N 239 5 4700pF 25y Tag Elect. 7/1"  um 
N 240 10 1030pF 63v Ax Elect  L2.00 
N 241 50 0220F 0506 Rad. Poly  MOO 
N 242 
N 243 

10 
10 

100pf 2505 Axial  U M 
2.20F 160y Red. Poly  6200 

9244 10 V.D.R.S  £220 
N 56 
N 62 

3 
1/2k9 

10,CCOpT ilOy Comp Grade Elect.  C5.011 
Reel 229 Solder  £6.20 

fl 130 20 500mA IS 20mm Fuses  PIM 

ALL PRICES INCLUDE VAT — ALL GOODS BRAND NEW & NORMALLY 
DESPATCHED BY RETURN POST. 

TERMS: Cash with order. POST & PACKING: Please add 75p 
to total order. 

AC/DC ELECTRONICS 
COMPOI\IENTS 

DEPT PE, 45 CHILJRCH STREET, 
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DRAY LINE 
Just one of our customers for the MCS/1 
- Midge Ure of Ultravox. 
Get the professional sound of a 
Powertran MCS/1 into your act. 

/; 1  1  
• 

Specification 

• 

Memory Size Variable from 8 bytes to 64K bytes. 
Storage time at 32 KHz sampling rate: 2 seconds. 
Storage time at 8 KHz sampling rate: 8 seconds. 
Longest replay time (for special effects): 32 seconds. 
Converters. ADC & DAC 8-bit companding. 
Dynamic range 72 dB 
Audio Bandwidth Variable from 12 KHz to 300 Hz. 
Internal 4 pole tracking filters for anti-aliasing and recovery. 
Programmable wide range smewave sweep generator. 
MIDI control range 5 octaves 
+1 V/octave control range 2 octave with optional 
transpose of a further 5 octaves 

• 
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Once again, Powertran and E&MM combine to bring you 
versatility and top quality from a product out of the realms of 
fantasy and within the reach of the active musician. 

The MCS-1 will take any sound, store it and play it back from 
a keyboard (either MIDI or v/octave). Pitch bend or vibrato 
can be added and infinite sustain is possible thanks to a 
sophisticated looping system. 

- All the usual delay line features 
(Viblato, Phasing, Flanging, ADT, 
Echo) are available with delays of 
up to 32 secs. A special interface 
enables sampled sounds to be 
stored digitally on a floppy disc 
via a BBC microcomputer. 

The MCS-1 gives you many of the effects created by top 
professional units such as the Fairlight or Emulator. But the 
MCS-1 doesn't come with a 5-figure price tag. And, if you're LEJ! prepared to invest your time, 

PVIRIPIM  only £599 + VAT 
Demonstration Tape £2.50 + VAT 

Save even more with the MCS-1 kit: 
MCS-1 complete only £849 + VAT 
it's almost cheap! 

Powertran kits are complete down to the last nut and bolt, 
with easy-to-follow assembly instructions. 

POWERTRAN 
liftriaMtlintigdRiglini  
'0WERTRAN CYBERNETICS LIMITED 
Portway Industrial Estate, Andover, Hants SP10 3PE , England 
Telephone: Andover (0264) 64455 
Access/Visa cardholders - save time - order by phone. 

• 

• 
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From a gentle purr to a mighty roar, 
the tightly controlled power of the 
beast is yours to command! 

PROFESSIONAL LITY 
' KERS 

A new range of superb quality loudspeakers. 
* Virtually indestructible high temperature 
voice-coil reinforced with glass-fibre 

* 100% heat overload tolerance 
* Advanced technology magnet system 
* Rigid cast alloy chassis 
* Linen or Plastiflex elastomer surrounds 
* 5-year guarantee (in addition to statutory rights) 

Available in 5,8, 10, 12, 15 and 18 inch models with 80 and some 160 
impedances and with input powers ranging from 50W to 300W e.g. 
51n. 50W 95dB 811: XG39N I 160: XG4OT £17.95§ 
8in. 100W 98dB8ftXG43W 29.95§ 
10in. 100W 100dB  XG46A £29.95§ 
12in. 100W 101dB 811: XG49D £29.95§ 
12in. Twin Cone 100W 100dB 80: XG50E / 169: XG51F £31.95§ 
Note - the output power doubles for each 3dB increase (ref avg 

PRECISION GOLD MULTIMETERS 

A new range of very high quality muftimeters offering truly amazing 
.quality at the price. 

Pocket Multimeter, 16 ranges, 20000N DC AC £6.95§ (YJO6G) 
M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 
20,00011/V DC £14.95§ (YJO7H) 
M-2020S with Transistor, Diode & LED tester and 10A DC range, 27 ranges 
20,0000N DC £19.95§ (YJO8J) 
M-5050E Electronic Multimeter with very high impedance, FET input, 53 
ranges including peak-to-peak AC. centre-zero and 12A AC/DC ranges 
£34.95§ (YJO9K) 
M-5010 Digital Multimeter with 31 ranges including 200 and 201.iA DC/AC FSD 
ranges, continuity buzzer, diode test, and gold-plated PCB for long-term 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) 

N.B. All our prices include VAT and Carriage. A 50p handling charge must be 
added if your total order is less than £5 on mail order (except catalogue). 

M APLIN ELECTRONIC SUPPLIES LTD. 

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911 
SHOPS 
• BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 
• LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926. 
• MANCHESTER 8 Oxford Road, Tel: 061-2360281. 
• SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831. 
• SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 
Shops closed all day Monday. 

Ctrs C7-1 

Our huge range of top quality electronic components at very competitive 
prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements, it's well worth 
getting a copy. Here are just a few examples from the catalogue. 
(The items below are NOT kits). 
* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 
* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux input, 
slide controls. Only £58.95 (AF99H) 

* 10-Channel Stereo Graphic Equalisers -3 models - basic; with peak level 
meter; and with spectrum analyser - from £77.95 

* Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo. 
11 controls. Only £195.00 (AF98G) 
* Video Enhancer improves picture quality when recording from one VTR to 
another, and with TV's with monitor input. Only 28.95 (XG59P) 
* Detailed descriptions of the exciting new 74HC range of IC's which combine 
the advantages of CMOS and TTL. From 46p 
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ1313) 
• * 1% Resistors now 50ppmrC, 0.4W, only 2p each! 
* Auto transformers 120/240V 50VA, £10.75§ (YJ56L). 100VA £14.95§ 

(YJ571%,4). 150VA £18.05§ (YJStiN). StA/A  
* Digital Clinical Thermometer. Only £13.95 (FK51 F) 

) 

Check our 1985 Catalogue 
for all our other fascinating 
new lines. 
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VISA 

IT Phone before 2pm for 
same day despatch. 

![
Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 11 International Reply Coupons. I enclose £1.75. 

Pick up a copy now at any branch of W.H. 
Smith or in one of our shops. The price is 
still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CAO2C). 

Name   

Address   

PE 85 

§ Indicates that a lower price is available in our shops. All offers subject to availability. Prices firm until Aug. 10th 1985. 


