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200 + 200W Dual Channel Amplifier
COMPLETE KIT AS FEATURED IN APRIL ISSUE OF E.T.I.

SPECIAL PRICES
FOR

COMPLETE KITS!
PSI 4001 - C:205.00 +VAT
PSI 4002 - £220.00+VAT

PSI 4001 SLAVE MODEL

400W rms continuous - 800W peak!
0.03% THD at FULL power!
PLUS all the following features too!
* Each channel totally independent with its own stabilised power supply driven by custom designed

TOROIDAL transformers!
* Inherent reliability - monster heat sinks for cool running at the hottest venues - electronic open and

short circuit protection!
* Ultra low feedback (an incredibly low 14dB overall!). super high slewing rate (20V ios) 200W rms

continuous to 4 ohm from EACH channel, input sensitivity 0 7 75V (OdB).
* Professional quality components, sturdy 19 rack mounting chassis complete with sleeve and feet for

tree standing work too.
* Easy to build - plenty of working space with ready access to all components, minimal wiring, extensive

instructions suitable for both experienced constructors and newcomers to electronics
* Value for money - quality and performance comparable with ready built amplifiers costing over E6001

TRANSCENDENT 2000

Kit also available as separate packs

Pack

2

PSI 4002 STUDIO MODEL
Price

Fibre Glass orinled circuit hoard ltr power amp E4.20
Set of capacitors. metal oxide resistors. thermisfor. corset pre-sets for power
amp £6.40

3 Sel of semiconductors for power amp with mounting hardware. cooling tabs E27.60

4 Pair of monster black drilled heat sinks. transistor mounting bracket .... £6.90

5 Toroidal transformer: Primary 91174.2340. Secondaries 42-0-42V. 0-I5V.
0-I5V. Electrostatic screen E19.20

6 Set of all parts for stabilised power supply including fibre glass printed circuit
board. mounting bracket. semiconductors. resistors. capacitors. etc £20.50

7A Set of all parts for buffer/overdrive unit including fibre glass printed circuit
board. semiconductors. resistors, capacitors. controls - required for PSI 4001

only E3.80

78 Set of parts for peak power meter including professional quality meter. fibre
glass printed circuit boards. components. control - required for PSI 4002 only £11.50

8 Set of all miscellaneous parts including sockets. ilium. mains switches. use

holders. fuses, cut-outs. cable. etc . E12.10

9 Cabinet including chassis. anodised silver on black panels. fixing parts. etc.
Please slate whether Slave or Studio model required E27.50

10 Handbook f0.50 or free on request when ordering any of above packs. 2 each of
packs 1-7 IA or 91. 1 each 8. 9 and 10 are required for complete 200 + 200W
professional amplifier
Total cost of individually purchased packs PSI 4001 E216.80

PSI 4002 E232.20

TRANSCENDENT 2000
As featured in July/August issues

COMPLETE KIT ONLY £186.50 +VAT
We are producing a superb kit, at an irresistible price, for the latest and most practical design
ever published. Our kit includes fully finished metalwork. pre -assembled solid teak cabinet.
filter sweep pedal, professional quality cc mponents (all resistors either 2% metal oxide or 1/2%
metal film!) and it really is complete - right down to the last nut and bolt and last piece of wire!
There is even a 1 3A plug in the kit - you need buy absolutely no more parts before plugging
in and making great music! Virtually all the components are on the one professional quality
fibre glass PCB printed with component locations. All the controls mount directly on the main
board, all connections to the board are made with connector plugs and construction is so
simple it can be built easily in a few evenings by almost anyone capable of neat soldering!
When finished you will possess a synthesiser comparable in performance and quality with
ready built units selling for between £500 and £700!

MANY MORE KITS ALSO AVAILABLE - ASK FOR OUR FREE CATALOGUE
Amplifiers (20-200W), Tuners, Cassette Deck, Quadraphonics, etc., etc.

De Luxe Linsley -Hood 75w Amplifier

20 + 20w AMPLIFIER COMPLETE KIT ONLY
£33.10 + VAT

30w VERSION (T30+30) ONLY £38.40 + VAT

Based on P.W. TEXAN

PRICE STABILITY: Order with confidence! irrespective of any price changes
We will honour all prices in this advertisement until September 30th. 1978.11
ETI August 1978 issue is mentioned with your order. Errors and VAT rate
changes excluded.
U.K. ORDERS: Subject to 12'/,% surcharge for VAT Ii. e add Ye to the price).
No charge is made for carriage or at current rate if changed.
SECURICOR DELIVERY. For this optional service (U. K. mainland only) add
';'_2 50 (VAT inclusive) per kit.
SALES COUNTER: If you prefer to collect your kit from the factory, call at
Sales Counter (at rear of factory) Open 9 a.m.-4.30 p m. Monday -Thursday

75 + 75w AMPLIFIER
COMPLETE KIT ONLY £99.30 + VAT
Kit also available as separate packs

T20 + 20 AMPLIFIER

Kit also available as separate packs

OUR CATALOGUE IS FREE! WRITE OR PHONE NOW!

POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE ANDOVER
ANDOVER, HANTS SP10 3NM (STD 0264) 64455
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SUPER SEMICONDUCTOR SELECTION
SOCKETS

1611 8 pin DIL £0.13
1612 14 pin OIL
1613 16 pm DIL
1614 24 pin DIL
1615 28 pin DIL
1616 2018 Transistor
1617 T03 Transistor
16117 T05 Transistor

E13.14
£0.15
£0.40
E0.45
£0.12
E0.35
£0.12

VOLTAGE
REGULATORS

Pathos
11678050 97805 70220
9021781201781710220
111111781509781510220
18/11781806781810229
99117521067112110220

6117905 00190510220
11190791206791210220
00979150.1791570220
6007911101791810220
6911792108792111)720

872321099
72723 14 inn Oil

Lti1.317911103

21.00
21.00
21.00
21.00
21.00

21.40
21.40
21.40
21.40
21.40

45p
45p

21.50

ZENER DIODES
400row (84,88) 007 Glass encapsu
bated) range of voltages available. 1 3v
2 2v 2.7v 3.3v 3.9v 4.3v 4.7v 5 1.
5.6v 6.2v 6.8v 7 5v 8.2v 9.1v 10v
11v 12v 13v 15v 16v 18v 20v 22v
24v 27v 30v 33v 39v

No. Z4 Bp ea.
1w -1.8w Pestle and metal encapsy
bated. Range of voltages available
1 3v 2.2v 2.7v 3 3v 3.9v 4 3v 4 7,
5.1 v 5.6v 6.2v 6.8v 7.5v 8.2v 9 1,,
10v 1 lv 12v 13v 15v 16v 18v 20v
22v 24v 27v 30v 33v 43v 47v 51v
68v 72v 75v 82v 91v 100v

No. 213 15p ee.
lOw Metal stud type SOW case
Range of voltages available, 1.3v 2 2v
2.7v 3.3v 3.9v 4.3v 4.7v 5.1v 5 6v
62v 6.13v 7.5v 8.2v 9.1v 10v 11v
12v 13v 15v 16v 18v 20v 22v 24y
27v 30v 33v 43v 470 51v 68v 72y
75v 82v 91v 100v

No. Z10 356 ee.

SILICON
RECTIFIERS

200mA
15920 50v
15921 100v
15922 150v
1S923 200v
15924 300v
1 Amp
54001 50v

54002100v
N4003 200v
N4004 400v
N4005 600v
N4006 800v
540071000v
1.5 Amp
5015 50v
S020 100v
S021 200v
S023 400v
S025 600v
5027 800v
5029 1000v
S031 1200v

Amp
N5400 50v
N5401 1013v
N5402 200v
55404 401.N
N5406 600v
95407 800v
N5400 1000v

10 Amp
510/5050v
510/100 100v
S10/200 200v
510/400400v
510/600 600v
510/80080N
510/10001000v
510/ 1200 1200v

30 Amp
S30/ 50 50v
530/100 100v
530/200 200v
530/ 400 400v
S30/ 600 600v
530/ 800 800v
S30/1000 1000v
530/1200 1200v

60 Any
S70/50 50v
570/100100v
570/200200v
570/400400v
S701600 600v
S70/800 800v
570/ 1000 1000v

BYX38 / 300 6A 300v
EIX38 / 600 6A 600v
137038/300 Rev 64 300v
87038/600 Rev 6A 600v

£0.08
£0.07
£0.08
£0.09
£0.10

£0.041/2
£0.05
£0.06
£0.07
£0.06
£0.09
£0.10

£0.09
£0.10
£0.11
£0.13
£0.14
£0.16
£0.20
£0.25

£0.14
£0.15
£0.16
£0.17
£0.21
E0.25
E0.30

E0.19
20.21
20.23
£0.35
£0.42
£0.51
£0.60
£0.69

E0.55
£0.68
£0.93
£1.25
£1.76
£1.94
E2.31
E2.88

£0.75
£0.84
£1.20
£1.75
£2.25
E2.50
E3.00
£0.45
£0.50
£0.45
£0.60

Ty.
AC12 6
AC127
AC128
AC128K
AC132
AC134
AC137
AC141
ACI41K
AC142
AC176
AC176K
AC178
AC179
AC180
ACI8OK
AC181
AC18IK
ACI87
AC187K
AC188
AC188K
40140
AD142
ADI43
40149
ADI61
AD162
AD161/
162 MP
AF114
AF115
AF116
AF117
AF118
AF124
AF125
AF126
AF127
AF139
AFI80
AFI81
AF186
AF239
AL102
AL103
AU104
AUI10
AUII3
BC1074
BC10713
BC107C
BC1084
BC1086
BC1OBC
BC1098

£0Type

.16 BC 09C
£0.18 8C147
£0.15 BC148
£0.26 8C149
£0.20 8C157
£0.20 BC158
£0.20 BC159
£0.22 BC167
E0.30 BC168
£0.20 8C169
£0.16 BC169C
£0.28 BC170
£0.25 BC171
£0.25 BC172
£0.20 BC173
£0.28 BC177
E0.20 BC178
£0.28 BC179
£0.18 BC180
£0.20 BC181
£0.18 BC182L
£0.20 BC183
£0.60 BC183L
£0.85 BC184
£0.75 BC184L
£0.60 BC207
£0.42 BC208
E0.42 BC209

80212
£0.65 BC212L
£0.21 BC213
£0.21 BC213L
£0.21 BC214
£0.21 BC214L
£0.40 BC237
£0.30 BC238
£0.30 BC25I
03.30 BC2514
£0.32 8C301
£0.39 BC302
£0.40 BC303
£0.60 BC304
£0.88 BC327
£0.50 BC328
£1.20 8C337
£1.20 BC338
"AB BC440
£1.00 BC441
21.00 BC460
£0.06 BC461
£0.06 BC477
£0.06 8C4713
£0.06 BC479
£0.08 BC547
£0.06 BC548
£0.08 BC549

TRANSISTORS
BRAND NEW - FULLY GUARANTEED

Price Type
EOM BC550
10.06 BC556
0E0.08 BC557
10.05 BC558
10.10 BC559
10.10 00115
'£0.10 0D116
10.12 80121
0E0.12 130123
10.12 8D124
10.12 00131
E 0.10 00132
'£0.10 80131/
'£0.10 132 MP
0E0.12 80933
E0.16 80135
0.16 80136
80.16 813137
£0.26 80738
1028 60139
'E0.10 8D140
10.10 80139/
0E0.10 140MP
IOW 8D155

80175
°E0.11 80176
10.11 80177
T0.12 80178
TO.11 mug
0E0.11 80201/
'EOM 202 MP
10.11 20203
'E0.12 80204
10.12 80203/
0E0.16 204 MP
'£0.15 80720
10.15 BDX77
10.16 80457
E0.28 8F458
£0.26 BF459
£0.28 8F594
£0.38 BF596

10.16 BFR39
'£0.15 8E140
10.15 13E1179
10.15 8FR80
0.30 BFX29
EOM 8FX30
EOM BFX84
£0.36 BFX85
£0.20 BFX86
£0.20 BFX87
£0.20 BFXBB
'E0.12 81X90
0E0.12 apy50
0E0.12 BFY51

Price Type Price Type Pnce Type
10.14 81452 £0.14 7192955 LOSS 293708
'£0.14 131919 £0.341 TIP3055 £0.50 2937084
10.13 81920 E0.311 TIS43 £0.24 2N3709
10.12 BIP19/ T1S90 10.22 2N3710
10.14 20MP £0.60 UT46 £0.22 293711
£0.50 81439 E0.45 27X107 (0.10 293819
£0.60 BU105 £1.70 21X108 10.10 2N3820
£1.20 8U105/02 £1.99 27X109 0£0.10 293821
£0.55 BU204 £1.70 220300 '£0.12 2193823
£0.70 BU205 £1.70 ZTX500 10.14 294058
E0.3111 BU208 £2.40 2N1613 £0.20 294059
£0.40 BU208/02 £2.95 251711 £0.20 294060

21222 £0.35 2N1889 2045 294061
£0.85 MJE2955 E0.58 291890 EOM 294062
EOM MJE3055 £0.60 2N1893 £0.30 2214284
£0.38 MJE3440 £0.52 2N2147 (0.75 254285
£0.35 MP8113 £0.52 2N2148 £0.70 294286
£0.35 MPF102 £0.35 2N2160 0.00 294287
£0.40 MPF104 £0.313 2N2192 £0.38 294288
£0.36 MPF105 £0.311 2N2193 £0.35 294289
£0.38 MPS405 10.30 2N2194 E0.311 294290

MPS406 10.30 2N2217 EOM 294291
EOM MPSA55 10.25 292218 EOM 294292
£0.90 MPS456 10.28 2N22184 10.20 294293
E0.60 0C22 £1.50 292219 £0.20 294921
E0.60 0C23 £1.50 2922194 £0.24 2N4923
£0.65 0C24 £1.35 292904 £0.16 295135
E0.68 0C25 £1.00 2529044 £0.21 295136
£0.75 0C26 £1.00 292905 £0.18 295138

0C28 £0.60 2929054 E0M) 295194
£1.70 0C29 £0.95 292906 £0.16 295245
£0.80 0C35 £0.90 2529064 £0.19 2N5294
£0.90 0C36 £0.90 292907 (0.20 295296

OC70 £0.24 2929074 COM 2N5457
£1.70 0071 20.15 292926G 10.09 294358
EOM TIC44 10.29 2929267 TOW 295459
E650 11C45 10.35 2929260 10.06 295551
£0.37 TIP29A £0.40 2929260 1006 2N6027
E0.37 TIP29B £0.62 2529268 10.06 2e/6121
£0.38 TIP29C £0.50 293053 (0.16 296122
0E0.30 119304 £0.50 293054 EOM 40311
1626 TIP308 EOM 293055 EOM 40313
£0.25 TIP30C EOM 2N3414 10.16 40316
10.25 TIP31A £045 293415 10.16 40317
10.28 TIP318 £0.47 293416 10.29 40326
10.28 TIP31C £0.49 293417 10.29 40327
£0.25 TIP32A (0.49 293614 £1.00 40346
(0.30 119326 £0.51 293615 £1.05 40347
£0.23 TIP32C £0.53 293616 £1.05 40348
£0.24 TIP414 20.49 293646 10.011 40360
£0.25 119410 £0.61 293702 10.06 40361
£0.22 TIP41C (0.53 293703 10.08 40362
£0.22 110424 £0.53 293704 10.07 40406

10.515 T1P4213 £0.55 293705 10.07 40407
£0.14 TIP42C LOW 293706 10.05 40408
£0.14 - 2N3707 1068 40409

Price
0E0.07
10.07
0E0.07
'E0.07
'E0.07
£0.20
E0.35
£0.80
COM
'E0.12
'£0.14
'£0.14
0E0.12
10.12
10.18
0E0.18
0E0.18
0E0.18
°E0.18
10.111
'E0.18
10.18
'£0.18
'£0.18
10.55
10.65
0.10
10.10
'£0.10
(0.56
10.40
£0.34
£0.56
£0.32
E0.32
£0.35

10.36
£0.39
£0.70
£0.70
(0.38
03.95
£0.95
£0.40
(0.40
(0.46
£0.45
£0.65
£0.80
(0.36
0.36
£0.38
£0.46
E0.315
£0.52
20.75

LEDs DISPLAYS & OPTOs
0/no Type Sim Colour Pnce

1501 711209 led 125 RED £010
1502 11L211 led 125 GREEN £0.19
1503 T1L213 led 125 YELLOW (0.19
1504 FLV1 15 led 2 RED £0.10
1505 FLV310 led 2 GREEN £0.19
1506 FLV410 led .2 YELLOW 20.19
1510 8DL707 &splay 3 RED £0.110

1511 BDL747 display 3 RED £1.50
1512 BOL727 display 3 RED £1.60
1514 ORP12 Light dependent testator 20.55
1520 OCP71 Photo transistor £0.35

LED CUPS
1508/ 125 pack of 5 125 clips (0.15
1508/ 2 pack of 5 2 dips £0.16

2nd GRADE LEDs
A pack of 10 standard sizes and colours which fail to perform to then yew rigid
specification. but which are deal for amateurs who do not require the full sae/

Cr no 1507 90p

NUMERICAL INDICATORS
Cold cathode ITT 50875T Side viewing indimtor tubes Displays 0-9 and
decimal points Wide viewing angle Operates horn 180v with 16Kohms series
anode rammer. Character height 16 5mrn Pin connections and supply details
on pock

O'no 1513 110p

BRIDGE RECTIFIERS

SILICON 1 amp
Type
50V RMS

100V RMS
200V RMS
400V RMS
SILICON 2 soya

50V RMS
100V RMS
200V RMS
400V RIMS

1000V RMS

No KBS005
No £8501
No K8S02

Order No.
811 /50
B R1/100
651/200
651/400

BR 2 /50
612/100
B R 2 /200
652/400
6112/1000

2 AMP METAL STUD MOUNTING
50 volt

100 volt
200 volt

Price
£0.20
E0.22
£0.25
E0.36

(0.45
£0.48
E0.52
£0.58
£0.58

E0.30
E0.35
£0.40

Type
7400

771401
7402

+2403
7404
7405
7406
7407
7408

74 SERIES TTL ICs
FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS

Price Type
£0.10. 7409
£0.11 7410
£0.1197411
EOM 7412
£0.11 7413
(0.11 7414
£0.26 7416
£0.26 7417
£0.13 7440

Price Type
£0.13 7441
(0.12 7442
£0.17 7445
(0.20 7446
E0.24 7447
£0.50 7448
£0.26 7475
£0.26 7480
£0.12 7481

Price Type
£0.50 7482
(0.54 7483
£0.65 7484
£0.65 7485
£0.60
1E0.56
E0.29
£0.44 7491
£0.65 7492

Price
(0.68
£0.70
£0.88
£0.88
E0.25
£1.95
£0.32
£0.84
£0.37

Type
7493
7494
7495
7496
74100
74110
74118
74119
74121

Price. Type
£0.30 N74122
£0.75 74123
(0.50 74141
£0.62 74154
(0.62 74180
E0.415 74181
£0.80 74190
£1.111 74198
£0.24 74199

Prove
£0.39
£0.46
£0.55
1'095
£0.84
£1.60
£1.00
£1.45
£1.45

THYRISTORS
60055s TO 18 Caw
Vohs No.

10 THY600/10
20 THY600/20
30 THY600/30
50 THY600/50

100 THY600/100
200 TH7600/200
400 THY600/400

Paine
E0.15
£0.16
£0.20
(0.22
£0.25
£0.38
£0.44

7 Arm TO 48 Case
volts No. Price

50 THY74, 50 £0.46
100 THY74/ 100 £0.51
200 THY7A i 200 £0.57
400 THY7A/400 £0.62
600 THY74/ 600 £0.78
800 THY7A / 800 £0.92

Type
CD4000
CD4001
CD4002
CD4006
CD4007
CD4008
004009
CD4010
CD4011

Price Type
(0.15 CD4012
E0.16 CD4013
£0.18 CD4015
(OM CD4016
£0.15 CD4017
£0.98 CD4018
EOM CD4019
E0.56 CD4020
£0.20 CD4021

CMOS ICs
Price Type Price

(0.20 CD4022 MVO
(0.92 CD4023 £0.20
E0.911 CO4024 (0.80
£0.50 CD4025 £0.20
£0.98 C04026 £1.70
£1.00 CD4027 EOM
£0.55 CD4028 £0.911
E1.10 C04029 £1.15
£13.98 CD4030

Type
CD4031
C04035
CD4037
CD4040
CD4041
CD4042
C04043
CD4044

£0.55- CD4045

Mar Type
£2.20 C04046
£1.30 CD4047
£0.88 CD4049
£0.95 CD4050
£0.62 CD4054
E0.82 CD4055
£0.88 CD4056
E0.114 CD4069
£1.40 CD4070

Mae Type
£1.30 CD4071
£1.10 C04072
£0.615 CD4081
EON CD4082
£1.10 4510
ELM 4511
£1.36 4516
£0.40 4518
£0.40 4570

Price
E0.23
£0.23
£0.20
£0.23
E1.30
£1.60
£1.40
E1.25
£1.25

1 amp
Volts No

50 THY1A/50
100 THYIA/100
200 THY1A/200
400 THYIA/400
600 THYIA/600
800 THY14 /800

TO 5 C...
Price

£0.25
£0.28
£0.32
£0.38
£0.45
(0.58

10 Any TO 48 Cane
Volts No. Price

50 THY10A/ 50 £0.51
100 THY104/ 100 20.57
200 107104/2210 20.62
400 THY104/400 £0.71
600 10Y104/ 600 20.99
800 THY104 / 800 E 1 .22

Twm
CA3011
CA3014
CA3018
CA3020
C43028
CA3035
CA3036
CA3024
CA3043
CA3046
CA3052
CA3054
CA3075
CA3081
CA3089
CA3090
CA3123
CA3130
CA3140
UV1301

Price
T1.05
11.70 TYP1
10.75 L91304
11.70 LM308
11.02 LM309K
11.70 LM320.5v
11.36 LM320.12v
T1.50 LNI320.15v
T1.65 LM320-24v
10.60 LM38O-14p
T1.60 L91381
11.35 LM3900N
1160 MC13031.
T1.50 MC1304P
'(2.10 MC1310P
TA.25 MCI 312P0
11.90 MC1330P
10.93 MC1350
T0.90 MC1351P
10.39

LINEAR ICs
Price

E1.60
11.40
E1.50
£1.65
£1.50
£1.50
(1.60

0(0.115
11.55
1E0.66
11.48
T1.90
10.96
11.90
11.20
'£1.20
'£1.20

Type
MC1352P
MCI 466L
MC14690
MCI 496G
NE536
NE5154
NE540
NE550
NE555
NE556
NE561
NE5628
NE5654
NE566
NE567
u4702C

Price
t1.40
0E4.50
£2.95
10.98
13.50
0E3.50
0E1.50
10.115
£0.32
£0.82
13.95
13.95
t1.75
11.50
11.110
10.46 

Type
72702
u47034
u4709C
72709
709P
u4710C
72710
u4711C
72711
1,97230
72723
u4741C
72741
741P
u4747C
72747
u4748
72748

Price
10.45
10.25
10.25
0£4166
10.25
10.40
10.30
10.32
10.32
£0.45
E0.45
'E0.24
0E624
0E0.20
10.70
/0.79
10.35
10.35

Type
748P
SN76013N
SN76023N
SN76110
S976115
SN76660
SL4144
1445508
TAA6214
1446614
TAD100
1045400
1646418
104800
1134810S
184820
1649200
TC4270S

Rea
T0.35
11.75
11.75
*£1.50
11.90
T0.75
t1.95
(0.35
'E2.00
'E1.65
'E1.30
12.20
0£2.25
0£0.60
t1.05
10.80
13.40
12.20

3 imp TO In Case
Volts No Price

50 THY34 / 50 £0.28
100 THY34/ 100 £0.30
200 THY34/ 200 £0.33
400 THY34 /400 £0.42
600 THY34 '600 £0.150
BOO THY34 800 £0.85

16 Amp TO 48 Cese
Volts No. Price
50 THY164/ 50 (0.54

100 THY164/ 100 £0.58
200 THY I 64 i 200 £0.62
.100 THY16A/400 (0.77
600 THY164 /600 £0.90
800 THY164 / 800 £1.39

5 Amp TO 66 Case
Volts No Price

50 THY54 50 (0.36
100 THY54 / 100 £0.45
200 THY54/ 200 (0.60
400 THY54 /400 £0.57
600 THY54 / 600 £0.69
800 THY54 1800 £0.81

30 Amp TO 94 Caw
Volts No. Price

50 THY304/ 50 £1.18
100 THY304 / 100 21.43
200 THY304 / 200 21.63
400 TM/304/400 £1.79
600 TH1'304/600 £3.50

5 Amp TO 220 Case
Volts No Price
400 THY54 400P £0.57
600 71-4154 600P Win
800 14554 800P (0.81

No.
81101/500R
81102/5006
81106
BT107
61.108
2N3228
293535
BTX30/50L
BTX30,400L
0106 4

Price
£0.60
£0.80
£1.25
£0.93
£0.98
£0.70
£0.77
£0.33
£0.46
£0.60

ORDERING
Do not forget to state order number and
your name and address

V.A.T.
Add 12'636 to prices marked'.831, to
those unmarked. Items marked 1 are
zero rated

P&P
35p unless otherwise stared

Type
A4129
44530
4/1213
4,1117
BA100
BA102
84148
89154
64155
04156

Peke Type

£0.0/1 09173
£0.06 08104
£0.16 BAX13
£0.15 BAX16
E0.10 BY100
(0.32 67105
£0.115 84107
£0.12 BY114
£0.14 BY1 24
£1.14 65126

Price
£0.15
£0.15
(0.07
(0.05
£0.22
£0.22
20.22
£0.22
10.22
'10.15

DIODES
Type Price Type
80127 10.16 BY213
04128 (0.16 84216
04130 10.17 BY217
BY133 10.21 8Y218
135164 £0.51 BYZ19
64176 10.75 0410
84206 £0.30 0447
80210 £0.45 0A70
01211 £0.95 0A79
00712 (0.45 04131

Pace
£0.40
£0.41
£0.36
£0.38
£0.36
£0.311
£0.08
E0.011
E13.13
£0.13

Type
0485
0490
0A91
0495
04182
04200
0A202
SDIO
SDI 9
IN34

Price
£0.13
(0.07
£0.07
£0.07
£0.13
(0.06
£0.08
£0.05
£0.06
£0.07

Type
N34A
N914
N916
N4148
544
S920

Price
£0.07
£0.06
20.06
£0.06
20.05
20.06

2 amp T05 Casa
Volts No
100 TR12a/100
200 TR12a/200
400 TR12a 400

TRIACS
10 Amp 1048 Cm*

Price Volts No

£0.31 100 TRII0a/100
£0.51 200 101108/200
£0.71 400 TR110, 400

Pri.
£0.77
(0.92
£1.12

6 Any T066 Cane
Volts No Price
100 TR16ai 100 £0.51
200 TR16a 200 (0.61
400 TR 164 400 £0.77

10 Amp 10220 Plastic Case
Volts No. Price
400 TRI1Gat4004 £1.12

0 i4CS
130100 00.20 D31 £0.20

930 SERIES DTL
BP930 £0.30 BP948 £0.50
8P932 £0.30 BP951 £0.65
09933 £0.30 60962 £0.30
09935 (0.30 809093 £0.42
89936 COM BP9094 £0.42
8P944 £0.30 BP9097 £0.42
89945 (0.50 099099 i0.42
BP946 £0.30

BI-PAK CATALOGUE
NEW EDITION NOW AVAILABLE

Send for your copy of our revised catalogue and price list
NOW, II contains 127 pages packed with literally
hundreds of semiconductors components and our
lanthus range of 8I -KITS audio modules

ONLY 65p POST FREE
01 -PAN
DEPT. ETI-8, P.O. Box 6, WARE, HERTS.

SHOP
AT OPEN 9 to 5.30 MON./SAT.

18 BALDOCK ST., WARE, HERTS



High quality audio modules for Stereo and Mono
S450
STEREO
FM TUNER
Fitted with
phase lock -loop

£22.30
+ 40p p&p
+ me+ VAT

FREQUENCY RANGE 88 - 108 Mhz
SENSITIVITY 3.0p V
BANDWIDTH 250 kHz
SPURIOUS REJECTION 50 dB
SELECTIVITY ± 400 kHz 55 dB
AUDIO OUTPUT (22.5 kHz deviation) 100 mV
STEREO SEPARATION 30 dB
SUPPLY REQUIREMENTS 20 to 30V (90mA max)
AERIAL IMPEDANCE 75 ohms
DIMENSIONS 240mm x 110mm x 32mrn

The 450 Tuner provides instant programme selection at the touch of a button ensuring accurate tuning o14 pre -selected stations, any of which may
be altered as often es you choose. simply by changing the settings of the pre-set controls Features include FET input stage. Van -Cap diode tuning.
Switched AFC LED Stereo Indicator.

Stereo 30
COMPLETE
AUDIO
CHASSIS

£18.95
+ 40p p&p
+ 121/2% VAT 7 + 7w R.M.S.

OUTPUT POWER
LOAD IMPEDANCE
TOTAL HARMONIC DISTORTION
FREQUENCY RESPONSE
TONE CONTROL RANGE
SENSITIVITY
INPUT IMPEDANCE
TRANSFORMER REQUIREMENTS
DIMENSIONS (Less controls and
PARTS

7 Watts RMS
8 ohms
Less than b% (I ypically .3%)
50 Hz to 20 kHz ± 3dBs
± 12dBs at 100 Hz and 10kHz
190 mV for full output
1 M ohms
22 V.A.C. rated at 1A

200mm x 130mm x 33mm

MPA30
MAGNETIC CARTRIDGE
PREAMPLIFIER

Enjoy the quality of a
magnetic cartridge with your
existing ceramic equipment using
the MPA 30 which is a high quality preamplifier/enabling
magnetic cartridges to be used where facilities exist
for the use of ceramic cartridges only

SENSITIVITY
EQUALISATION

INPUT IMPEDANCE
SUPPLY
DIMENSIONS

£2.95
25p

+ 121/2% VAT'

3.5 mV for 100 mV output
Within ± 1 dB from 20 Hz to
20 kHz
50 K ohms
18 to 30 V -re earth
110x50x25mm (inc DIN
socket)

The Stereo 30 comprises a complete stereo pre -amplifier. power amplifiers and power supply. This, with only the addition of a transformer or
overwind will produce a high quality audio unit suitable for use with a wide range of inputs i.e. high quality ceramic pick-up. stereo tuner. stereo
tape deck, etc. Simple to install. capable of producing really first-class results, this unit is supplied with full instructions, black front panel knobs
main switch_ fuse and fuse holder and universal mounting brackets

AL60
AUDIO
AMPLIFIER
MODULE
25 Watts RMS

£4.55 + 25p op
+ IVA % &IT

OUTPUT POWER
SUPPLY
LOAD IMPEDANCE
TOTAL HARMONIC DISTORTION
FREQUENCE RESPONSE
SENSITIVITY
MAX HEAT SINK TEMPERATURE
DIMENSIONS

25 Watts RMS
30-50 V
8-16 ohms
Less than 1% (Typically .06%)
20 Hz to 30 kHz x 2 dBs
280 mV for full output
90 C
103mm x 64mm x 15mm

This high quality audio amplifier module is for use in audio equipment and stereo amplifiers and provides output powers up to 25 RMS with
distortion levels below 0.1%.

AL80
AUDIO
AMPLIFIER
MODULE

£7.15
+ 8% VAT ± 25P P&P
The ALSO is similar in design to the AL60 above and s of the same high quality but provides output powers up to 35W with distor-tion levels below 0 1%.

OUTPUT POWER
SUPPLY
LOAD IMPEDANCE
TOTAL HARMONIC DISTORTION
FREQUENCY RESPONSE
SENSITIVITY
MAX HEAT SINK TEMPERATURE

35 Watts RMS
 40-60 V
8-16 ohms
Less than 1% (Typically 06%)
20 Hz to 30 kHz x2 dBs
280 mV for full output
90'C

DIMENSIONS 103mm e 64mm x 15mm

PA12
y 12':'.VAT

PRE -AMPLIFIER
The PA12 Stereo Pre -Amplifier chassis is designed and recommended for use
with the AL 20/ 30 Audio Amplifier Modules, the PS12 power supply and the
T538 Transformer. Features included on /off volume. Balance, Bass and
Treble controls Complete with tape output

£7.10
STEREO

30p p&p

FREQUENCY RESPONSE
BASS CONTROL
TREBLE CONTROL
INPUT IMPEDANCE
INPUT SENSITIVITY
CROSSTALK
SIGNAL/NOISE RATIO
OVERLOAD FACTOR
TAPE OUTOUT IMPEDANCE
DIMENSIONS

20 Hz -20 kHz (-3dB)
± 12 dB at 60 Mz
± 14 dB at 10 kHz
1 Meg ohm
300 mV
- 60 dB
- 65 dB
± 20 dB
25 K ohms
152mm x 84mm x 35mm

PS12 POWER SUPPLY
Designed for use with the Al..30A S 450 and MPA30 in conjunction with
transformer T538

INPUT VOLTAGE 17-20v AC
OUTPUT VOLTAGE 27-30v DC
OUTPUT CURRENT 1300.nA
Eae 60Rarn s 43anna a 26narn

£1.30
a 12H, VAT

25p p&p

AL250 125w
R.M.S.POWER

AMPLIFIER

£17.25 + 40p op
VAT

OUTPUT POWER
OPERATING VOLTAGE
LOADS
FREQUENCY RESPONSE

SENSITIVITY FOR 100 WATTS
0 /P AT 1 kHz
INPUT IMPEDANCE
TOTAL HARMONIC 50 Watts
DISTORTION into 4 ohms

50_WATTS
into e

125 Watts RMS continuous
50-80V
4-16 ohms
25 Hz -20 kHz measured
at 100 Watts

GE 100 NINE CHANNEL
MONO -GRAPHIC EQUALIZER

The GE100 has nine 1 octave adjustments using integrated orcuit active
filters. Boost and Cut tonnes are 12d13. Max Voltage handling 2 V RMS.
T H.D., 0.05%. input Impedance 100K. Output impedance less than 10 K
Frequency response 20 Hz -20 KH (3dB).
The nine gam controls are centred et 50. 100, 200. 400.

450mV 800. 1,600. 3,200. 6.400 and 12.800 Hz. The suggested + 121/2 % VAT
33K ohms gain controls are 10 K LIN sliders (not suppled with p&p 25p

the module) See Pats S31 and 16192.

0.1% S030. POW1M, St1PRLY BOARD FOR 6E10015-0-15 VOLT
E5.50 + 121/2% VAT p&p 25p

0.06%

£22

This unit designated 01250 is a power amplifier providing an output of up to 125W RMS. into a 4 ohm load

AL30A lOw
AUDIO R.M.S.
AMPLIFIER
MODULES

£3.75
+ 25p pap
12's% VAT

MAXIMUM SUPPLY VOLTAGE
POWER OUTPUT for 2% THD
TOTAL HARMONIC DISTORTION
LOAD IMPEDANCE
INPUT IMPEDANCE
FREQUENCE RESPONSE
SENSITIVITY
DIMENSIONS

30V
10 Watts RMS
Less than 25%
8 - 16 ohms
100 K ohms
50 Hz kHz ± 3 dBs
75 mV for full output
74mm x 63mm x 28mm

Siren Alarm Module
American Police screamer powered from any 12 volt supply into 4
or 8 ohm speaker. Ideal for car burglar alarm, freezer breakdown
and other security purposes. Order No. S15. Only E3.50

+ 8% VAT P&p 25p

These low cost 5 and 10 watt modules offer the utmost in re ability and performance. whilst ben compact in size.

SPM80
STABILISED
POWER SUPPLY

£4.25 + 25p p&p
+12.1%1IAT

INPUT A.C. VOLTAGE
OUTPUT D.C. VOLTAGE
OUTPUT CURRENT
OVERLOAD CURRENT
DIMENSIONS

33-40V
33 V nominal
10 mA -1.5 amps
1.7 amps approx.
105mm x 63mm x 30mm.

MA60 HI -Fl AMPLIFIER KIT
Build your own reliable top quality amplifier and save yourself
pounds. The MA60 kit comprises the following 81 -kits modules
2x AL60 amps, 10 PA100 pre -amp tx SPM80 stabilised power
supply (a BMT80 transformer, thus giving 17 watts RMS per
channel STEREO. All modules are covered by the usual BI-PAK
satisfaction or money back guarantee. Further details of all the
above modules are in this advert.
PRICE £32.00 + 1 2i4% + 62p p&p

Designed to power two AL60 sat 15 Watts per channel simultaneously CircuitTechniques Include full shoe protection.

TC60 KIT
A beautiful designed genuine TEAK WOOD veneered canbinet to put the

professional touches to your home built amplifier. Full set of parts tncl front
and back panes, knobs. chassts, fuses. sockets, Noen. etc Ideal for the MA60
Size 425mm x 290mm x 95mm
PRICE E111.1111 + 121/2% VAT + 86p p&p.

PA100
STEREO
PRE -AMPLIFIER

£15.80
+ 40p p&p
+ 12%%VAT

FREQUENCY RESPONSE
TOTAL HARMONIC DISTORTION
SENSITIVITY 1 TAPE

INPUTS 1 RADIO TUNER
- 3 MAGNETIC P U

EQUALISATION

BASS CONTROL RANGE
TREBLE CONTROL RANGE
SIGNAL/NOISE RATIO
INPUT OVERLOAD
SUPPLY
DIMENSIONS

20Hz to 20 kHz x ldB
Less than..1<(rTipically :07%)
100 mV/ 100K ohms) For an
100 mV/ 100K ohms) output
3.5 mV/ 50 K ohms) 250mV
Within ± 1 db trom

20 Hz to 20 kHz
± 15 dBs at 75 Hz
+ 10-20 dBs at 15 kHz
Better than 65 dBs (All inputs)
Better than 26 dBs (All inputs)
20 to 40 V
300x90x33mm (less controls)

TRANSFORMERS
7538 For use with S 450 AL3OA MPA30
Order No 2036 Price E3.20 + 55p p&p + 121/2 % VAT
72050 For use with Stereo 30
Order No 2040 Price E3.26 + 55p p&p + Not
BMT80 For use with AL60 SPM80
Order No 2034 Price ELIO + 86p p&p + 121/2% VAT
BMT250 For use with AL250
Order No 2035 Price E6.35 + El 10 p&p + 121/2% VAT

A top quality stereo pre -amplifier and tone control unit, the PA100 provides a comprehensive solution for the front end requirements of stereo
amplifiers or audio units. The six push-button selector switch gives gives a choice of inputs together with two filters for high and low frequencies

DEPT. ETI8, P.O. Box 6, Ware
Herts.



OSTS new from ambit international

One Stop Technology Shopping starts here
TTL:Standard AND LP Schottky

'N"LSN' 'N' 'LSN' 'N"LSN' 'N"LSN'
7400 13p 22p 7455 35p 36p 74136 59p 74194 105p 187p

7401 13p 26p 7460 17p 74138 160p 74195 95p 137p
7402 140 26p 7470 28p 74139 160p 74196 99p

7403 14p 26p 7472 28p 74141 56p 74197 85p 153p

7404 14p 29p 7473 32p 74142 265p 74198 150p

7405 18p 29p 7474 27p 56p 74143 312p 74199 160p

7406 38p 7475 38p 74144 312p 74251 153p

7407 38p 7476 37p 74145 65p 74253 153P

7408 17p 29p 7480 48p 74147 175p 74257 153p

7409 17p 29P 7481 860 74148 109p 74258 153P

7410 15p 26p 7482 69p 74150 99p 74259 420p

7411 20P 29p 7484 97p 74151 64p 120p 74260 26P

7412 17p 7485 104p 141p 74153 64p 120p 74266 59p

7413 30p 7486 31p 59p 74154 96p 74279 73p

7414 51p 7489 2050 74155 54p 120p 74290 134p

7416 30p 7490 33p 99p 74156 80p 120p 74293 134p

7417 30p 7491 76p 74157 67p 120p 74295 196p

7420 16p 260 7492 38p 99p 74158 120p 74298 176P

7421 29p 26p 7493 32p 999 74159 210p 74365 72p

7422 24p 26p 7494 78p 74160 82p 165p 74366 72p

7423 27p 7495 65p 119p 74161 92p 165p 74367 72p

7425 27p 7496 58p 74162 92p 165p 74368 72p

7426 36p 7497 185p 74162 92p 165p 74670 421p

7427 27p 29p 74100 119p 74163 92p 165p
7800 series *7428 35p 74104 63p 74164 104p

7430 17p 26p 74105 62p 74165 105p

7432 25p 26p 74107 32p 74167 20p 7805UCto 7824UC

7433 40p 74109 63p 56p 74170 230p all values 120p

7437 409 42p 74110 54p 74172 625p 78M05UC to M24UC

7438 33p 42p 74111 680 74173 1700 all values 99p

7440 17p 29p 74112 88p 56p 74174 87p 137p 78L05AHC to

7441 74p 74116 198p 74175 87p 127p 78L24AHC

7442 70p 114p 74118 83p 74176 75p 40p

7443 115p 74119 119p 74177 780 7900 series*
7444 112p 74120 115p 74180 85p x 7905UC to 7924UC
7445 94p 74121 25p 74181 165p 491p all values 125p
7446 94p 74122 46p 74182 160p
7447 82p 74123 48p 74184 135p

L2007448 569 74125 38p 64p 74185 134p
7450 17p 74126 57p 64p 74188 275p programmable
7451 179 26p 74128 74p 74190 1159 229p volts/amps 195p
7453 17p 74132 739 1360 74192 105p 229p
7454 17p 36p 74133 29p 74193 105p 229p

C04000CMOS
Linears non radio/audio

All prime, all guaranteed BI MOS

4000 17p 4059 563p 4501
CA3130 E 84p NE531T 120p

4001 17p 4060 115p 4502 1209
CA31307 909 NE531N 1059

73p
4002 17p 4063 109p 4503 69p CA3140E 35p

C_AA33;4600TE

NE550A
Misc functions

4006 109p 4066 53p 4506 51p
NE555 35p4007 18p 4067 400p 4507 55p L'

9702p

CA31607 99PP
4008 800 4068 250 4508 248p NE556 70p

4009 58p 4069 20p 4810 99p Op amps LM3909N 72p

4010 58p 4070 ' 20p 4511 149p LM301AH 67p MPU - 6800
4011 17p 4071 20p 4512 98p LM301AN 30p MC6800P E13
4012 17p 4072 20p 4513 206p LM30811 121p MC6820P £6
4013 55p 4073 20p 4514 260p LM308N -7'9 o MC6850P 6759
4016 52p 4075 20p 4515 300p LM318H 279P MC6810AP 400p
4017 80p 4076 90p 4516 125p LM318N 224p MC6850P £8
4018 80p 4077 20p 4517 382p LM324N 71p MC6852 £15
4019
4020

60p
93p

4078
4081

20p
200

4518
4519

103p
57p

LM339N 66p
LM348N 1869 MEMORIES

2102-1 170P
4021 82p 4082 20p 4520 109p LM3900N 60P

4022 90p 4085 82p 4521 236p 709HC to5 64p 2112 340p

4023 17p 4086 82p 4522 149p 709PC dil 36p 2513 754p

4024 76p 4089 150p 4527 157p 710HC to5 65p 4027 578p

4025 17p 4093 50p 4528 102p 710PC cfil 59p 2114 £10
2708 1055p

4026 180p 4094 190p 4529 141p 723CN 65p
8080 - CPUs

4027 55p 4096 105p 4530 90p 741CH to5 66p

4028 720 4097 372p 4531 1410 741CN 8dil 27p 8080ACE £16
4029 100p 4098 110p 4532 125p 747CN 700 Full range of
4030 58p 4099 122p 4534 614p 748CN 36p support kits OA
4031 250p 4160 90p 4536 380p for 8080/6800
4032 100p 4161 90p 4538

4539
150p
110p4033

4034
145p
200p

4162
4163

90p
909 4541 141p 0 0 0 0 0 0 0

4035 120p 4174 104p 4543 174p

4036 250p 4175 95p 4549 399p

4037 100p 4194 95p 4553 440p PC DRAFTING AIDS:
4038 105p 4501 23p 4554 153p  You may now also obtain all
4039 250p 4502 91p 4556 77p

4040 83p 4503 76p 4557 386p Chartpak PC drafting aids from

4041 90p 4507 60p 4558 117p AMBIT. Price as list, details on
4042 85p 4510 128p 4559 3889 request. Also. details of our
4043 85p 4511 163p 4560 218p low cost fast prototyping
4044 80p 4512 116P 4561 65p
4045 150p 4514 325p 4562 5309 service for PCB - log graph

4046 130p 4515 325p 4566 159p paper, Smith diagrams etc.
4047 99p 4516 128p 4568 281p

ABRIDGED INFORMATION :4048 60p 4517 403p 4569 303p
4049 55p 4518 119p 4572 25p

4050 55p 4519 58p 4580 600p Postcode CM14 4HN. Te1.216029.
4051 65p 4520 120p 4581 319p VAT extra at 12.5% except *=8%
4052 65p 4528 1229 4582 1649 Catalogue 45p inc. Postage 25p.
4053 65p 4553 440p 4583 84p

4054 120p 4584 63p Admin open Mon -Fri 8am-5pm,

4055 1359 4585 1009 Sales/technical gam -Rom inc Sat

Return of post service whenever humanly possible - and sometimes

even when it isn't ! All our goods are manufactured first quality,
so you may build in complete confidence, backed with our own
investment in lab facilities, for the complete Tecknowledgey service.

From the World's leading radio
innouation source:

The EF5400, the first VHF
tunerhead with one IC. It
includes PIN diode agc loop,
balanced osc/mixer, RF stage

Tunes 88.108 with only
2-8v DC bias, and is
adaptable up to 230MHz

£9.75 built/tested
Special frequency
ranges on applic.

The Reference series of FM tuner modules
7130 2 or a 6 pole linear phase IF filters, The CA3189E IC, two

agc'd MOSFET IF preamps and all features. 0.07% thd 30% mod,
Now the leading IF module available Built and aligned £16.25

911968 The HA1196 stereo decoder in an optimum application,
with two LM380N monitor 2W PA stages built in £16.45

EF5803 The Latest EF series from Ambit. 3 MOSFET circuit, with
extra loose inter -stage coupling and amplified LO op £19.75

EF5801 The original 6 varicap(doublet) FM tunerhead with LO op £17.45
EF5600 TOKO's 5 cct varicap FM tunerhead. MOS input stage £14.95
EC3302 TOKO's budget 3 cct FM varicap tunerhead JFET RF £8.25

7252 Larsholt's MOS frontend/CA3089E IF system HiFi complete
varicap tunerset for 88-108 . Mute, AFC, AGC etc £26.50

7253 Larsholt's FET frontend/CA3089E/MC1310 stereo tunerset with
varicap tuning. Like 7252, signal level/tuning meter drives £26.50

Linear ICs for audio and radio applications - Old ones, new ones etc.
CA3089E / KB4402
HA1137W/KB4420A
CA3189E
TBA120A/SN76660N
TBA1205
uA720DC/CA3123E
TBA651
HA1197
MC1350
MC1330
LM1496/SG1496
LM374N
MC1495
TDA1062NEW
TDA1083 NEW
TDA1090 NEW

KB4406
KB4412
KB4413

NEW
NEW
NEW

KB4417 NEW
SD6000

classic FM IF system. Includes mute, afc, agc, metering E1.94
as CA3089E, with improved deviation muting
Update, though not replacement for 3089. inc of gain £2.75
Lirnitiqg DC coupled IF amp plus balanced detector Ef01..0705

Hi gain version of TBA120A
AM radio IC, useful gain controlled RF/IF gain block £1.40
low voltage, hi gain AM radio cum linear RF/IF gain £1.81
Complete HIFI am raio inc detector wide agc range E1.40
AGC wideband IF amplifier block for AM/FM/SSB £1.20
Synchronous AM/video detector £1.35
Classic double balanced mixer for DC to 300MHz £1.25

£6.86'
Nationals mutlimode communications IF/detector
Precision four quadrant multiplier system
Complete DC to 200MHz front end system £1.95
Complete DC to 30MHz AM/FM +800mW AF radio ic £1.95
Complete AM radio to 30MHz, with built in 3089 type
FM IF and function system for HiFi

EDifferential AM/FM IF gain E03..5305

2 balanced mixers, agc 55dB gain IF amp cooms device £2.55
Comp to KB4412, AM, FM, SSB detector, ANL, mute
AGC driver, meter driver. Complex function comms ic £2.75
3mV mike preamp, limiter, vogad for comms £2.55
Dual DMOS RF/Mixer mosfet pair £3.75

Transistors for RF : The latest UHF T pack
types eg. 1.8GHz PNP only 0.86p. 2N4427'
£1.30, BF900 latest generation MOS 0.80'
As usual, you get the latest information and
ideas from AMBIT
DAZZLING OPTO BARGAINS
LED size 2.5x5mm 5mm clip
red 17p 14p 2p
green 20p 15p 2p
yellow 20p 16p 2p
(clip for 5mm types only) All first grade

PUSH BUTTON SWITCH SYSTEMS
Easy assembley, professional quality PB type
with range of buttons. Schadow compatible
ALPs SUB series, and the very flexible new
dialistat from Lipra & lsostat Low cost
eg 4 module fipple, 15mm -- £1.74 in SUB
TOKO COILS, FILTERS, PVCs, ICs
Space has run out here, but all in the
catalogue.The biggest range in Europe

The Ambit you all know and love for its unique service to wireless,
now brings you the One Stop Technology Shop. A complete range
of logic devices, including CMOS, TTL and the increasingly favoured
Low Power Schottky versions. Plus all the usual voltage regulators &
linears. Combine this with our unique capability in wireless devices,
ranging from coils to the latest semiconductors, the uniquely
information packed 'Tecknowledgey' catalogue (45p), and you need
look no further for your semiconductors- and most other types of
modern components. We still want to maintain a separate identity
for the unique wireless service of Ambit - so please keep orders for
the OSTS (left hand side of this page) and AMBIT (right hand side)

seaparetly totalled - although one pp and one combined payment
is sufficient - made out to Ambit International, please. Postage
is 25p per order, VAT to be added at the rate indicated (*=8%).

2 Gresham Road, Brentwood, Essex. &finishes here.



news digest. .
light to sound units
Phillips have demonstrated a
new digital sound system, in-
corporating a solid-state laser
mounted in a semi -
conventional pickup arm. The
system uses a 110mm disc with
a playing time of one hour per
side, the audio is digitally en-
coded to provide very high fi.
Phillips have christened the
system 'Compact Disk', and
hope to have it ready for the
consumer market in the early
1980s. RCA have also been ex-
perimenting with a similar, but

incompatible, system as an
offshoot of their video disc de-
velopments.

A bit nearer to the present is
the Sony digital recording sys-
tem. This is an add on to their
U-matic or Betamax video
recorders, which encodes the
audio as a signal on the video-
tape. Quality is said to be orders
of magnitude better than con-
ventional recording systems.
Price is expected to be around
the £700 range available from
late summer.

strike detector
An ultra -simple method of de-
termining the force in light-
ning strikes has been developed
at NASA. All it consists of is a 4
foot length of magnetic tape
'aside a plastic tube! An 9kHz

ne is prerecorded on the tape,
Id the tube mounted perpen-
'ular to an exposed conduc-
r - such as a guy wire. When
ghtning strikes a magnetic
?Id is produced, which erases

part of the signal. The amount
of erasure is proportional to the
field strength and hence the
current in the lightning strike.
To find out how strong the
strike was, or indeed if there
has been any strike, you simply
paly the tape. Current as high
as 17 000 Amps has been mea-
sured on a single guy wire with
the device. Why is it that all the
best ideas are so simple?

mars bars and chips
Mars Money Systems (relation)
are starting to take delivery of a
new device from AMI Micro-
systems. The fiendishly clever
hunk of silicon is a dedi-
cated one bit (bite?) MPU with
onboard PROM, it is to be used
in vending machines for coin
acceptance and change giving.
It not only counts how much
you feed into the machine, it
also works out the correct
change and gives you it (if there
is not enough money in the
change chute it returns all your
money).

Coin sensing is done with 3
coil like inductors, embedded in
the wall of the coin path,
frequency shifts are produced
as the coins roll past-and the
IC compares them with
reference data stored in the
PROM. The one bit brain can
check far more precisely than
any mechanical system, and the
PROM can be pre -peed for any
currency in use in a particular
country. AMI Microsystems,
3800 Homestead Road, Santa
Clara, CA 95051, US of A.

alas, poor capek
It seems that we made an
omission in the recent Robot
issue, as the following from Mr
D. B. Pitt points out . . . In
analysing the word 'Robot' we
forgot to mention Capek, equi-
valent to analysing the word
'chortle' without Lewis Carroll.

Robot represents the first
two syllables of the Czech word
for worker, and, allowing for
slight vowel shifts, the rule
applies to all the other Slavonic
languages.

The word officially entered
the English language in April
1923 with the first presentation
of the play R.U.R. (Rossom's

Universal Robots) by Karel
Capek, the famous Czech play-
wright, at the St. Martin's
Theatre, London. The transla-
tor, Mr P. Selver, wisely left the
word robot unchanged from the
original Czech.

In practice, the word was
already current in certain
circles before that date, as the
fame of Capek's political satire
had preceded it, thanks to the
popular press, which was quick
to seize on the sensational
aspects of the play's theme, a
world taken over by a revolt of
man-made factory workers.

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978

boris challenges challenger

Up until recently the computer
chess field was dominated by
the manufacturers of the Chess
Challenger - Fidelity Elec-
tronics of Chicago. After the
tremendous success of the or-
iginal model came the improved
3 level version, now they have
introduced a 10 level version
with lots of new features. The
response time varies from 5
seconds on the beginners level,
to a 24 hour response (sugg-
ested only for postal games!),
because you may not notice
when the computer makes a
move it makes a couple of beeps
when it has.

Now another company has
entered the chess arena, with a
machine called Boris, and they
claim that Boris is the King of

the computer chess world.
Manufactured by a company
called Chafitz in Rockville,
Boris can even play with itself
(and not go blind!). Other nice
features include an 8 digit
alpha -numeric display and
completely variable response
time, the alpha capability is
used to display pieces as pic-
tures and also for messages
(illegal move, good move, etc)
- the response time can be set
from 1 second up to 99 hours, so
you can program it/him to very
specific skill levels.

Price of the Challenger 10 is
expected to be in the region of
£200; Boris will probably be
about the same. Neither
machine is expected to be
available in the U.K. until 1979.
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WATFORD ELECTRONICS
33 CARDIFF ROAD. WATFORD, HEATS, ENGLAND

MAIL ORDER CALLERS WELCOME.
Tel. Watford 40588/9.

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS. CASH/CHEQUE,
P.O.s OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 30p' TO ALL ORDERS UNDER £10.00. OVERSEAS ORDERS
POSTAGE AT COST. AIR /SURFACE.

VATExport orders no VAT. Applicable to U.K Customers only. Unless stated otherwise, all
pm. are exclusive of VAT. Plea.Si,add8 to devices marked * To the rest add
12 Vz %

We stock thousands more items. It pays to visit us. We are situated behind Watt old Football Ground.
Nearest Underground/BR Station. Watford High Street. Open Monday to Saturday. Ample Free Car
Parking space available.

POLYESTER CAPACITORS Axial lead type (Values are in y FI
4001/: 0-001. 0-0015. 0.0022. 0.0033 7p; 0-0047. 0.0068. 0.01. 0-015, 0-01d 9p; 0-022. 0-033.
109: 0-047, 0-06814p; 0.1. 15p; 0-15 0-22. 22p; 0-33. 0-47 39p; 0-6845p.
160V:0-039.0-15, 0.2211p; 0.33. 0-47 19p; 0.68. 1.022p; 1-524p; 2-232p; 4-7 36p.
DUBILIER: 1000V: 0-01, 0-015 11Ip; 0-022 111p; 0.047 1111p; 0-1 34p; 0-47 43p.

PO RADIAL LEAD (Values m e F) 250y:
0.01, 0-015 0-022. 0-027 5p; 0.033. 0.047. 0-068. 0-1 7p; 0.1511p; 0.22, 0-33
13p; 0-47 15p; 0-68 111p; 1-0 24p; 1'5 27p; 2-2 31p

FEED THROUGH
CAPACITORS
1000pF / 350V Sp

ELECTROLYTIC CAPACITORS: Axial lead type (Values are in p F)
63V: 0-47. 1-0. 1-5, 2.2. 2-5. 3-3, 4-7. 6-8, 8, 10, 15, 22, Sp; 47. 32. 50, 11p; 63 100 27p; 50V; 100.
7p; 50, 100. 220. 25p; 470. 50p; 1000. 2200, 68p; 40V: 22. 33, 7p; 100, 11p; 3300. 52p; 4700. 649;
351/:10.33. 7p; 330, 470, 32p;1000. 49p; 25V: 10 22. 47. Sp; 80. 100. 160. Sp; 220 250 13p;470.
640. 25p; 1000. 27p; 1500. 30p; 2000, 34p; 3300. 52p; 4700 54p; 16V: 10,40. 47 68 7p; 100. 125.
Bp; 470. 16p; 1000 1500, 20p; 2200. 34p; 10V: 4. 100. ip; 640. 10p; 1000. 14p.
TAG -END TYPE: 70V: 2000.1114p; 4700, 121p; 50V: 10.000. 255p; 3000 75p; 40V: 4000 70p; 2500
65p; 25V: 4700 489; 2000. 37p; 4011: 2000 + 2000 95p. 326V: 200+ 100 + 50+ 100 190p.

M READ CAPACITORS POTENTIOMETERS (48 or EGENI
35V: 0 10F. 0.22. 0-33. 0.47. 0-68. Carbon Track. 1/4W Log &1/2W Linear values
1-0, 2 20 F, 3.3. 4.7. 6-8 25V: 1-5. 10. 5000 1E0 & 21(0 (Iin only/ Single gang
20V: 1.5 16V: 100F 139 each 22269. 27p
476F, 10040p. 51(02M0 single gang 27p
10V: 220F, 33, 47. 47. 68, 100 5K0 -2M(1) single gang D/P switch 60p
3V: 68, 1000 F 20p each 51(02MT) dual gang stereo 70p

MYLAR FILM CAPACITORS
100V: 0.001. 0002,0005. 0.010F Sp
0.015. 0-32. 0-04. 0-05. 0-0560 F 7p
0 liar. 0-15. 0.29p. 501/, 0 47(iF lip

CERAMIC CAPACITORS 50V
Range: 0- 5pF to 10,000pF
0-0150F. 0-0220 F. 0-0330F
0 0470 F 4p. 0 1 y F

3p
4P
SP.

SLIDER POTENTIOMETERS
0-25W log and linear values 60rnso
5K0 -500K0 single gang 709
10K0 -500M) dual gang 80p
Self Stick Graduated Bezels 22p

SILVER MICA (Values in pF) 33, 4-7.
6-8, 10, 12. 18. 22, 33, 47, 50, 68. 75.
82. 85. 100. 120. 150. 220 Sp each
250, 300, 330. 360. 390.
600.820 16p each
1000, 1800. 2000. 2200 20p each

PRESET POTENTIOMETERS
01W 500 -5100 Miniature Vertical &
Horizontal alp
0-25W 1000-3-3M1) hord larger 10p
0.25W 2000 -4- 7M() Vert lOp

POLYSTYRENE CAPACITORS:
10pF to I nE Bp; 1 5nF to 47nF 109

CERAMIC TRIMMER CAPACITORS
2.79F. 4-15pF. 6.25pF, 8-30pF 21119

MINIATURE TYPE TRIMMERS
2 5.6pF 3.10pF. 10-40pF 22p
5-25pF. 5.45pF. 60pF. 88pF. 309

RESISTORS - Erie make 5% Carbon
Miniature High Stability. Low noise

RANGE VAL 1-99 100+
1AW 2 20-4.7M E24 1.59 1p
1/sW 2.20-4 7M (12 2p 1.59
1W 2.20-10M E12 59 4p
2% Metal Film 100-1140 Sp 4p
1%0.5W 50 -IM E24 lOp 7p
100+ price applies to Resistors of each
type not mixed values

COM ION TRIMMERS
3.4090 10.809F 25-1 90pF 259
100-51309F. 12509F 449

THERMISTORS V41034 1039 1040
1055. 1056 1058 1066 1067. 1098,
1100 209 each

OPTO
ELECTRONICS *
LEDs + clip
1)1209 Red
111211 Grn
T11212 Yellow

2 Red

13
24
27
15

2 Amber Green
Yellow 19
OCP71 1109
ORP61 849
ORP12 63p
7 Segment Displays
5 LT 01 4609
111312 3 CA 125p
TIL313 3 CC 125p
TIL321 5 CA 140p
111322 5 CC 140p
01704 3 CC 99p
01707 3 CA 99p
DL747 6 CA 180p
FN0357 149p
XAN351 3 Grn

180p
XAN625 6 Grn

2509
HP5082.7730 1609
Lquid Crystal Display
31/4 or 4 Digit 9759

OPTO
ISOLATORS
TIL 111,2 106p
Tilt 14 1109
T1L117 164p

JACKSONS VARIABLE CAPACITORS
Dielectric 0 2 365pF with low
100/ 300pF 1069 motion Drive 326p
500pF 1213P 00 208/176 285p
6 1 Ball Drive with slow
4511 / DAF 107o. motion drive 325p
Dial Drive 4183 C804-5pF 10 15
6 1/36 1 520P 25 50pF 1759*
Drum 54mm 309' 100, 150pF 215p'
8-1-3659F 246p 3x3100F 425p
002 365pF 2769 00-3x25pF 3864

DENCO COILS RDT2 92p
RFC 5 chokes 919
RFC 7 (19mH) Sip
1 FT 13, 14 / 15 / 16/
17 85p
1FT 18/1 6or 465

691p

TOC1 Sip
MW5FR 529
MW/LW 5FR 103p

'DP' VALVE TYPE
Range 1-5 B.Y.R.W

Nip
6-7 B,Y,R 769
1.5 Green 92p
T 1.5 B,Y,R.W 1135
B 9A Valve Holder

266

RF CHOKES
lyH 4 7 10 22 33 47. 100 200 470
750. 1mH 2.5.5 10 359 each
43mM 100 SOpeesA

VEROBOARD' 0.1 015 015
(copper clad) (plain)

21/2 x 31/4 41p 33p 22p
21/455 49p 459 28p
311n3% 49p 45p -
3% is5 56p 609 39p
21/4 x 17 152p 121p 759
3% it 17 1959 1639 107p
4%x 17 252p - 1659
Pkt of 35 psns 30p
Spit face cutter 769
Pin insertion tool 99p

DIODES

44119
4415 15
AEY11 60
BA100 10
BY100 24
BY126
81127 1

0A9 75
0A47 1

0A70 1

0A79 1

3481
0A85 1

0A90
0A91
0A95
0A200
0A202
N914
N916
04001'2*
04003*
04004 /5*
54006 /7*
N4148
S44 20
34/100V* 16
34/400V* 20
3A/600V* 27
34/1000V*

30
6A 600V SO

*BRIDGE
RECTIFIERS
Missile case)
IA/50V 20
14/100V
IA /200V 25
14/400V 29
1A/6001/ 34
2A/50V 35
24 /100V 44
24/ 200V 45
24/400V
2A/600V
44/1001/
4A/200V
4A/400V
4A/600V
4A/800V
64/100V
64'200V
64 /400V 8$
BY164 55
VM18 DIL 40

53
65
72
75
79,

105
120

73
78

22 -

Minimum
order
£2

please

ZENERS
Range 2V7 to
39V 400mW

fp mesh
Range 3V3 to
33V 1 3W

179 gosh

VERO WIRING PEN'
+ Spool 325p
Spare spool (wire) IW Combs 109 each

FERRIC CHLORIDE'
I lb bag Annydrous 66p + 309 p. & p.

DALO ETCH RESIST PEN' + spare tip
75p

NOISE
25.1 150

VARICAPS
MVAM2 135
MVAM115

105
BA102 25
88104 40
661056 40
BB106 40

COPPER CLAD BOARDS'
Fibre Single Double- SR BP

Glass sided sided 8 x105
6 it 6 769 909 75p
6  12 1309 175p

DIL SOCKETS' Low Profile (TEXAS)
8 pin 10p; 14 pin 12p; 16 pin 13p: 18 pin
20p; 20 pin 27p; 22 pin 304; 24 pin 309;
28 pin 42p; 40 pin 55p. 60 pen 24Sp.

SOLDERCON PINS'
`00 pins 1309; 100017,4 3509

TRIACS*
64400V 98
64500V 95
84400V 99
84500V 110

1045001/ 140
154400V 166
164400V 145
164500V 210
40430 125
40528 ISO
40669 95

SCRs*
lA
145 38
14100V 42
14200V
1 A400V
14600V
3450V
34100V
34200V
34400V
34600V
54400V
74400V
84400V
81106
01060
111144
TIC45
204444

47
52
70
38
43
so
110
120
120
125
150
150

55
25
45

140

DIAC*
ST2 25

LINEAR ICs
02 75
09C 8 pin 35
09C 14 pm 49
09C TO5 35
23' 14 pin 45

741' 8 pin 22
41' 14 pin 32

747C 14 pin 70
48C 8 pm 36
538 pal 150

810 159
AY -1-0212 580
AY -1.13134 660
AY.1.1320. 635
AY -1.5050 241
AY -1-505 145
AY.1-6721 6 195
AY 3 8500* 450
AY -3-8550* 595
AY.3-8600* 050
AY.3-8710* 973
AY -5-1224A* 260
AY -5-1230* 490
AY.5-1315 560
AY -5-13174 630
AY.5.3500* 510
AY -5-3507* 415
AY.5-4007 650
CA3011* 82
CA3014* 137
CA3018* 68
CA3020 170
CA3023 170
CA30284* 80
CA3035 240
CA3036 110
CA3043 190
CA3046 71
CA3048 200
CA3075 175
CA3080E* 80
CA3081 190
CA3089E 210
04309040 390
043123E 200
CA3130* 85
CA3140 92
ICL7106* 915
ICL7107* 975
ICM 7205* 1150
ICL8038CC* 370
160091* 1550
LM 300H 170
LM301AP 30

TRANSISTORS
AC107* 23 801680 12
ACI17* 35 BC169C 10
AC125* 19 8C170 17
AC126* 19 BC171 11
AC127* 19 BC172
AC128* 18 BC177*
AC141* 24 8C178*
AC14IK* 38 BC179*
AC142* 24 BC182
AC142K* 36 BC183
AC176* 18 BC184
ACIB7* 20 BC182L
ACI88* 20 BC183L
ACY17 35 801641 1

ACY18
ACYI9

40
40

BC186
BC187*

21
28

ACY20 40 BC212 9
ACY21 35 BC2121. 10
ACY22 40 BC213
ACY28 40 BC213L 10
ACY39 78 BC214 9
ACY41 39 BC214K 14
ACY44 39 BC214L 10
AD149* so 803078 14
40161* 42 BC308 13
40162* 42 BC327 15
AF106* 70 8C328 11
AF114* 26 BC338 12
AF115* 25 BC441* 30
AF116* 25 BC461* 30
AF117* 25 BC462* 30
AF118* 66 BC547 11
AF121* 48 BC548 11
AF124* 55 BC549C 13
AF125* 36 BC557 13
AF126
AF127*

56
35

BC558
BC559

12
20

AF139* 35 BCY30* 57
AF178* 70 13CY34* 75
AF180* 70 BCY39* 140
AF186* 50 BCY40* 78
AF239* 42 BCY42 W
AFZ11 126 BCY43 75
ASY26* 40 BCY58 22
ASY27* 45 BCY59* 22
ASY50* 95 BCY70* 15
ASY76* 95 BCY71* 15
ASZ21
BC107*

60 BCY72
BCY78

16
20

BC1078*
5C108*

10
9

BCZ1O
ow 1

145
145

BC10813* 12 60112 es
BC108C 12 80115* 62
BC109* BD121 es
BC1091. 12 BD123 M
BC109C* 12 130124* 115
BC113 17 B0131* 38
BC114 19 130132* 36
BC115 16 SD133* 43
BC116 19 80135* 36
BC117 15 BD136 37
BC118 19 13D137* 35
BC119* 26 BD138 36
BC134 19 BD139* 45
8C135 20 80140* 50
BC136 18 BDI 42 59
BC137 20 80144* 196
8C140* 28 130145* 195
BC142* 25 BD181 65
BC143* 25 BD205 110
8C147 7 B0378* 65
BC1478 BD434 42
BCI48 7 130517* 65
BC1486 13136954* 75
BC148C EID6964* 75
90149 8 BOY11 220
8C149C B0.117* 195
BC153 4 BDY60* 110
BC154 4 8131/61* 165
BC157 10 8E115* 22
BC158 11 BF154* 25
BC159 1 ElF158* 29
8C160* 27 8E160 30
BC167A 11 8E161 60

LM304 240
LM 081 110
LM 18H 205
114318S 195
LM324A 79
LM339 so
LM348 120
LM 79 375
LM 80 95
LM 819 145
LM381AN 248
1M382 125
1M3900 so
LM3909N 70
LM 911 125
M2 244* no
M2 344* 795
MC 63 275
MC 24* 175
MCI 303 88
MCI 304P 260
MC 310P 175
MC 312P0 195
MC144331. 1250
MC1458* 50
MC1459* 435
MC1495* 535
MC14961. 92
MC1110CG 79
MC3340P 150
MC3360P 120
MC3401 70
MEM780 205
MFC4000B 85
MFC6040* 97
MEC6040* 97
MK50362* 650
MK50392. 835
NE350 160
NE5184 210
NE555* 29
NE556D6* 60
NE560* 325
NE561* 395
NE562B* 410
NE5654* 120
9E566* 160
NE567V 170
NE571 450
RAM2I 02 2. 170
RC4136D 120
ROM2513* 700
SG3402* 295
514030 250
SL437A 560

SN72710* 43
SN72733 1215

5976003N 211
SN76013 140
SN76023 140
50760330 211
SN76115N 215
SN76227N 115
744550 50
7446214X1 226
7446614 155
TAA700 353
14.4960 300
TAD100 150
TBA12OS 70
18.6540 215
TBA5400 220
7645500 330
784641-Al2
13X or 8%11 250
184651 180
TBA800 90
TBA810S 105
TBA820 70
TBA9200 260
TCA2700 220
TCA270S0 220
TDA1022 575
T0.42020 320
0.081CP 52
TL082CP* 96
TL084CP* 130
1144170 198
20414 105
ZN424E 130
ZN425E* 375

TTL 74*
(TEXAS)
7400 13
7401 13
7402 14
7403 14
7404 14
7405 18
7406 311

7407 36
7408 17
7409 17
7410 15
7411 20
7412 17

BF167 25 MPS456 24 11543 36 292217* 48
8E173* 25 MPSA70 34 TIS44 45 27122184* 31
BF177* 24 MPS1102 58 T1S45 45 2022194* 22
8E178* 25 MPS,105 48 TIS46 45 2022206* 26
BF179* 30 MPS1.109 54 TIS47 so 2022214* 23
8F180* 20 MPS1152 65 11548 50 2N22224* 20
19181* 30 MPSI155 53 TIS49 so 202303* 45
BF182* 30 MPS1156 56 TIS50 47 202368 21
13E183* 30 AAELL1.31* 39 TIS74 47 2023694* 15
13E184* 30 0C23* 150 TIS90 IS 202483* 26
BF194 10 0C25* 120 TIS91 22 292484* 30
13F195 10 0C26* 150 ITX107 11 202646* 44
8E196 10 0C28* 99 ZTX108 11 202784 55
BF197 10 0C29* 160 ZTX109 11 202904* 22
8E198
BF199
13F200*

18
IS
32

0C35*
0C36*
0C41*

80
to
4$

ZTX212 28
211X300 13
znoo1 16

2029054*
292906*
252907*

V
16
20

BF224A IS 0C42* 32 ZTX302 113 2029074* 22
BF244 24 0C43* 55 ITX303 21 2N2926G 10
BF244B 30 0C44* 31 ZTX304 24 203011* 24
13E256* 50 0C45* 20 ZTX311 17 203053* 20
8F257* 26 0C46* 28 ITX314 24 2N3054* 49
8E258* 30 0070* 19 ZTX320 30 203055* 55
BF 259* 37 0071* 25 2131326 40 203108 39
BF336 30 0072* 30 ZTX341 20 293442* 131
BF394 22 0074* 45 ZTX500 13 203563 20
8E594 40 0075* 45 ZTX501 14 2N3614* 169
BF595 38 0076* 36 ZTX502 19 203615* 135
BFR39 25 0077* 76 ZTX503 15 203663 24
BFF140 25 0079* 76 I1X504 25 293702 10
ElF1141 28 0081D* 28 ZTX531 25 203703 11
BFR79 28 0082D* 48 ZTX550 25 203704 10
BFR80 28 0083* 48 40250 85 203705 11
8E1181 28 0084* 44 40251 97 203706 10
BFR98 105 0C122* 48 40311* 50 203707 10
BFX29* 26 OC123* 48 40313* 125 2N3708 10
BFX81* 130 0C139* 85 40315 55 203709 10
BFX84* 24 0C140* 85 40316* 65 203710 16
BFX85*
BFX86*

24
28

0C141*
0C170*

85
40

40317* 52
40319 71

203711
293772*

10
170

BFX87* 23 0C171* 40 40320 56 203773* 25$
BFX88* 24 OCIO0* 48 40323 60 2N3819 22
EIFY18* 50 OC201* 75 40324 85 203820 32
ElFY50* 20 002036 85 40326* 52 203823* 65
BFY51* 20 0C204* 85 40327* 62 293824* 70
BFY52* 20 SJE5039* 95 40347* 80 203866* 90
EIFY53* 28 TIP29 43 40348* 101 203903 18
BFY55* 45 TIP29A 44 40360* 43 203904 18
BFY64* 40 TIP29E1 56 40361* 45 203905 15
EIFY71* 20 TIP29C 60 40362* 45 2N3906 17
BSX20* 18 TIP30 47 40406 65 204037* 52
BSX26*
BSX29*

75
45

TIP304
TIP3OB

47
64

40407 50
40408 75

204041*
204058

90
17

BSX78*
BSY95A*
811105*

55
25

140

TIP30C
TIP31*
TIP31A*

65
40
40

40411* 285
40412* 63
40467* 95

794061
204062
204064*

17
13

120
1311205 190 TIP31E. 40 40594* 80 204069 45
6,1208 228 TIP31C* 66 40495* 90 204236 145
E421 96 TIP32* 45 40603* 65 204286 20
E5567 65 TIP324* 49 40636* 125 204289 20
MD8001* 158 TIP32B* 70 40673* 68 204859 65
ME1120
ME4102

25
10

TIP32C*
TIP33*

70
80

20697* 21
20698* 39

2N4922*
205135

55
42

ME6002 14 TIP334* 80 2N699* 39 205136 42
MJ400* 90 TIP33B* 100 207064* 19 205138 20
MJ491* 190 T1P33C* 105 20707* 50 205172 24
MJ2955* 99 TIP34* 85 2N708* 19 205179* 60
MJE340* 45 TIP34A* 85 20914* 32 205180* 60
MJE370* 55 TIP34B* 110 20916* 27 205191* 65
MJE371* 60 T1P34C* 110 20918* 30 295305* 24
MJE520* 45 TIP35* 219 20920* 51 2N5457 32
MJE521* 65 TIP354 225 20930* 18 205458 32
MJE2955* 115 TIP35B* 240 201131* 22 205459 32
MJE3055* 80 TIP35C* 270 201132* 22 2N5485 32
MPF102 30 TIP36* 260 201303* 50 2N5777* 56
MPF103 36 TIP36A* 265 201304* 50 206027 40
MPF104 36 T1P368* 300 2N1305* 28 206109 45
MPF105 36 TIP36C* 325 201306* 35 250234* 50
MPF106 50 TIP414* 63 201307* 50 30128 85
MPF107 50 TIP411). 73 201308* 48 30140 85
MPS3904 40 TIP42A* 64 201613* 23
MPS405 24 TIP42B* 82 201670* 150 Matched
MPS/106 24 T1P2955* 83 2016 18* 195 Pair

MPSA55 24 T1P3055* 51 202160* 105 lElp extra

7413 30 74 04 62 74196 96 4024 96 4094 190
7414 51 74105 62 7419 65 4025 9 4096 105
7416 30 74107 29 74198'150 4026 190 4097 372
7417 30 74109 54 4027 45 4098 110

74LS*7420 16
7421 29

74110 54
74111 66

4028 81
4029 99

4099
4160

145
109

7422 24 74116 196 00 16 4030 58 4161 109
7423 27 74118 43 01 18 4031 205 4162 109
7425 27 74120 115 02 20 4032 100 4163 109
7426 36 74121 25 10 20 4033 145 4174 110
7427 27 74122 46 13 38 4034 196 4175 99
7428 35 74123 48 14 75 4035 111 4194 108
7430 17 74125 38 27 27 4036 325 4408 720
7432 25 74126 57 42 75 4037 100 4409 720
7433 40 74128 74 47 90 4038 104 4410 720
7437 30 74132 73 73 37 4039 320 4412F 1650
7438 33 74141 56 83 90 4040 105 4412V 1380
7440 17 74142 269 90 62 4041 80 4415F 795
7441 74 74143 314 96 97 4042 75 441bV 795
7442 68 74144 314 107 35 4043 94 .4419 280
7443 115 74145 65 132 62 4044 95 '4422 545
7444 112 74147 175 139 150 4045 145 4433 1225
7445 94 74148 109 153 76 4046 125 4435 825
7446 94 74150 99 157 75 4047 57 4440 1275
7447 52 74151 64 160 102 4048 56 4450 295
7448 56 74153 64 162 105 4049 43 4451 295
7450 17 74154 96 164 105 4050 48 4452
)7451 17 74155 53 175 94 4051 72 4490E 695
7453 17 74156 80 181 270 4052 72 4490V 525
7454 17 74159 210 193 130 4053 72 4501 17
7460 17 74160 82 4054 110 4502 120

CMOS*7470 26
7472 25

74161 92
74163 92

4055 128
4057 2570

4503
4506

69
51

7473 32 74164 105 4000 15 4059 480 4507 55
7474 27 74165 105 4001 17 4060 115 4508 298
7475 38 74166 161 4002 17 4063 110 4510 99
7476 34 74167 20 4006 105 4066 58 4511 150
7480 48 74172 625 4007 18 4067 380 4512 98
7481 56 74173 170 4008 87 4068 22 4513 206
7482 59 741'4 87 4009 50 4069 20 4514 265
7483 72 74175 87 4010 50 4070 32 4515 299
7484 95 74176 75 4011 18 4071 21 4516 120
7485 106 74177 78 4012 18 4072 21 4517 352
7486 31 74180 85 4013 42 4073 21 4518 102
7489 210 74181 165 4014 86 4075 23 4519 55
7490 33 74182 160 4015 89 4076 65 4520 108
7491 75 74184 135 4016 45 4077 40 4521 268
7492 38 74185 135 4017 89 4078 21 4522 199
.7493 32 74188 275 4018 89 4081 20 4527 152
7494 75 74190 115 4019 48 4082 21 4528 99
7495 65 74192 105 4020 99 4085 74 4529 165
7496 57 74193 105 4021 91 4086 73 4530 85
7497 169 74194 105 4022 88 4089 150
74100 119 74195 95 4023 20 4093 55

8
ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978



WATFORD ELECTRONICS

il.91111111111111111111

U Naar,

introducing DM900 - The
DIGITAL MULTIMETER with
"Hidden Capacity" - It meas-
ures Capacitance too!

(as published in E.T.I. August 1978)
Away with analogue meters for with some of these
you may often as not use a crystal ball to make
circuit measurements instead gaze into our crystal
- not a ball but the 31/2 0.5.. LIQUID CRYSTAL

411110 4111 DISPLAY - on our amazingly accurate DMM
incorporating

5 AC & DC Voltage, ranges: 6 resistance ranges
5 AC & DC Current ranges: 4 Capacitance ranges

The prototype accuracy is better than 1%
This is a unique design using the latest MOS ICs and due to the minimal current drain. is
powered by only one PP3 battery. There is also a battery check facility.

The DM900 is an attractive hand-held, light weight device. built into a high impact case
with carrying handle and has been ingeniously designed to simplify assembly.

Never before have all these features been offered to the electronics enthusiast in a single
unit.

Special introductory price £49.954 (p&p insured 80p)
(probes optional extra). (Demonstration on at our shop)

(additional carrying case £1.501

TANK BATTLE
Build this fantastic T.V. Game with realistic battle sounds generated from your
T.V. speaker, steerable tanks, controllable shell trajectory and minefields to
avoid. A really exciting and skillful game simply constructed with our easy to
follow instructions. Order now - avoid disappointments.
Basic Kit (just add controls) only £19.50 inc. VAT (p&p 45p insured).
Complete Kit including controls & Mains Power Supply. No extras required. Only
£26.25 inc. VAT (p&p 45p insured).
IC AY -3-8710 £10.50 inc. VAT.
(Demonstration on at our shop)

JACK PLUGS SOCKETS

screened
chrome

2 5mm 12p
3 5mm 15p
MONO 23p
STEREO 31p

Plastic
body

Bp
10p
15p
18p

open
metal

8p
8p

13p
15p

moulded
with
break

contacts
209
24p

in lone
couplers

11p
12p
18p
22p

DIN PLUGS SOCKETS In Lino

2 PIN Loudspeaker
3. 4. 5 Audio 13p Bp 20p

CO -AXIAL (TV) 14p 14p lap

SWITCHES*
TOGGLE 2A, 250V
SPST 2Sp
DPST 34p
DPDT 359
4 pole on /off 54p

SUILMIN TOGGLE
SP changeover 59p
SPST on /off 540
SPST biased 85p
DPDT 6 tags 70p
DPOT centre oft 79p
DPDT Based 1159

SLIDE 210V
IA DPDT 14p
IA DPDT c/over 16p
VrA DPOT 13p
4 pole 2 -way 24p
SpringUSacted

SPST on /oft 609
SPDT c /over 65p
DPDT 6 Tag 85p
MINIATURE
Non Lacking
Push to Make 16p
Push Break 25p

PHONO
assorted colours
Metal screened

9p
12p

5p single
Bp doubt.
10p 3 -way

15p

2mm
I mm

10p
10p
8p

12p
10p

Bp

WANDER 3 mm
DC Type
AC 2 -pin American

8p
15p
15p

8p
20p
15p

ROTARY Make yotdown multiway Switch
Adjustable Stop Shafting Assembly. Accom-
modate up to 6 Wafers 69p
Mims Switch DPST t fit 94p
Break Wore Make Wafers 1 pole/12 way
2p/6 way 3p/4 way 4p/3 way 6p/2 was

47p
Spacer and Screen Sp
ROTARY: (Ad)umable Slop)
1 pole/2 to 12 way. 2p/2 to 6 way 'I
pole/2 to 4 way. 4 pole/2 to way 41p
ROTARY. Mains 250V AC 4 Amp 450

VOLTAGE*
REGULATORS

T03 Can Type P
1A *ye 5V. 12V

.15V, 18V 145
LM309K 135
LM3236 625
MVR5 or 12 150
IA 5V, 12V

220
Plastic (7092)
+ye 0 IA 5V. 6V
8V, 12V. 15V 30
+ve lA (T0220)
5V, 12V, 155.
185. 24V 99
- ve 0.5A 5V, 6V.
80, 12V. 15V 95
- ve to 55. 12V

175
-ve 0 1A (T0921
5V. 12V, 15V 60
LM320.12 165
LM320-15 165
LM304H 240
LM3I 7H 100
LM317K 350
LM325N 240
LM326N 240
LM723 45

TRANSFORMERS' (MST
6-0-6V 100mA 90p
9-0-9V 75mA 95p
12-0-12V 100mA Sep
0-12 0.12V 150mA

140p
0.6 0-6V 280mA 160p
0-150-150 0 3A

0-4 5 04.55 0 62A6°P
260p.

12-0 120 0 5A 2193p.
0-12 0-12 0.5A 280p+
15-0 I5V 0.5A 260p.
24-0 240 0 5A 260p+
9.090 IA 275p+
12-0.12V 1A 275p+
0-120-12V IA 295p+
30.24-20-15-12-0 1A
Multi tappings 360p+
3024-20-15-12-0
2A multi tap 445p +

sPrint. 220-240V)
15-015V IA 276p+
18-018V IA 296p+
30.0-30V IA 3159+
20-0-202A 340p+

I.5A 346p+
0-18 0-180 1 5A

379p+
9-09V 2A 315p+
12-0 12V 2A 320p+
30.25-20.0.20-
25-302A 497p+
0.60-6V 6VA 240p
0-12 0-12A 6VA 240p
0-15 0-150 6VA 240p
0-200-20V 6VA 240p
LT44 42p
LT700 Mia. 0/P Pri
1.26. See 3.20 42p
MOT Min 0/P Pri.
1 26. Sec 80 3Sp

(Please add 48p p&p charge to all prices marked
+, above our normal postal charge)

ALUM.
BOXES
WITH LID'

3x2X1 46
2'As514.11/2"

68
4s4s1.12" 68
41(291:11/2" 60
4s56r1 Vs" 75
4s26.2" 64
5+40" 82
6,40" 88
7s5s21/2" 114
8s6x3" 148
10.7x3" 172
10x4Yas3" 142
12.5x3" 155
12,8..3" 210

EARPHONES
Magnetic
2 5mm 18p
3 5mm 18p
Crystal 33p

LAMP HOLDERS AND LAMPS*
LES HOLDER Dome shaped Red. Blue
Green. White and Yellow 15p
LES BULBS 6v and 12v 11p
MES HOLDERS Chrome cover Red or
Amber Jewelled top 50p

 LES OR MES Batten Holders 10p
MES BULBS 3.5V. 6V 12V 11p
NEONS Mains 240V Sealed with Resistor
Red. Amber & Green 24p
Open type 95V AC 11p

SPEAKERS

80 0 3W P
2" 2Ii" 65
2 5 3" 58
40 02 5" 65
64 02 5" 55
8 0 5W
7"x4" 190
803W
6" x 4" 160

PANEL
METERS*
FSD
60a46a
35mm
0-5011A
0-1000A
0-500p A
0-1rnA
0-5mA
0-10mA
0-50mA
0-100mA
0-500mA
0 -IA
0-2A
0-250
0-500 AC
0 300V AC

410p nada

4%41/401/2"
0-50p A
0-100pA
0-500p A
530p each

CRYSTAL
MICROPHONE
INSERT 46p

ULTRASONIC
TRANS-
DUCERS
Receiver and
Transmitter
40KHz

480p per pair

KNOBS' to fit Yd1 shaft
K I Black Pointer type 90
K1a White Pointer type 11c.
K2 Slim Silvered Aluminium 12p
K3 Satin Black Ribbed 22mm dam. 12p
K4 Black Serrated Metal top with line
Indicator 35mm dam 22p
K4a As K4 but 25mm dam 209
K5 Black Fluted. metal top & skirt. calib-
rated 0-9. 37mrn dram 2Sp
K6 As K5 but with pointer on skirt 21Ip
K7 Black Knurled. tapered. metal top &
skin Caliberated 0.9 30mm 26p
K 7a As above but pointer on skin 26p
KB Black or Silvered for Slider Pot 10p
612 Aluminised plastic with lone indicator
22mm dram 16p
619 Solid Aluminium Amplifier Knob. Etch
line indicator skirted 22mm 30p

HEAT WOW
1092 8p
105 fp
TO18 8p
10220

22p
103 22p
1066 22p

Silicon Grease
5rtil Tub 45p
20on1 Syringe

1259
Insulation K it for
103. 1066 or
10220 3p Kit

We stock many more items
Aerials, Battery Holders
Boxes, Cables. Digital
Clocks, Fuses.
Headphones. Microphones.
Stands, Multimeters, Power
Supplies, Relays, Solder.
Soldering Irons, Test
Probes, Tools etc. etc. It
pays to visit us We are
situated behind
Football Ground

news
digest

sub ton kit

Vrc *a A  AI 0  0 8 0  8 0 0
6 6 6 0 * 
6  e     *

I

R E W Audio Visual have been
given exclusive distribution
rights on a new kit for budding
rock & roll stars in the U.K.
Called Prokit 62, it is a 6 into 2
audio mixer with features not
normally found on mixers in the
sub £100 range (at £99.95 it just
creeps into this bracket). Each
input channel has bass and
treble equalisation, pan control,
echo and cue busses, with
choice of line or mike inputs.
Distortion is claimed to be less

than 0.1% and noise is said to be
less than -65dBm. The unit
needs an external power supply
to feed it with the + and -15V
at 50mA it lives on (not sup-
plied).

Construction time is es-
timated to be a couple of
evenings, and a 32 page manual
is supplied with each kit.
Further details from R E W
Limited, 10/12 High Street,
Colliers Wood, London SW19
2BE.

odds & ends
* A. Marshall (London) Ltd.,
are moving their mail-order de-
partment from their Crickle-
wood Broadway premises. The
new address for main offices,
industrial sales, central stores
and mail-order will be: Kings -
gate House, Kingsgate Place,
London N.W.6. The telephone
number will change to 01-624
0805/6/6/8, the old premises at
40 Cricklewood Broadway have
been refitted as a new branch.
* A Single hand ASCII key-
board, called 'Writehander', has
been developed in the States. In
use you place 4 fingers on
switches representing the lower
4 ASCII bits and the thumb
selects the remaining 3 bits, the
machine looks like a hedgehog
and is said to be both cheap and
fast.
* The National Enterprise
Board is in the process of fun-
ding a new electronics com-
pany. Capital of 00450 million
is to be used in the attempt to
bring VLSI technology to the
U.K., typical products would be
64K memories. The brains be-
hind the scheme include British
and American engineers in the
States and at home.

* Visual indication of FM sta-
tion, automatically, is made
possible with a new system de-
veloped by Phillips and the
Dutch Broadcasting Corpora-
tion. A display indicates the
result of decoding a signal
superimposed on the transmit-
ted signal, the signal is different
for each station. Phillips are
hoping for international agree-
ment and cooperation to get the
system off the ground (into the
air).

* The more you cram onto a
silicon chip the more pins
needed on the package. Up un-
til now manufacturers of MSI
and LSI have used modifica-
tions of the standard DIL,
making it longer and/or wider.
Problems produced by this
approach include parasitic
capacitance, which seriously
limits the operating speed, and
density of circuitry on PCBs.
JEDEC, the organisation that
registers all standard packages
and specifications, are con-
sidering the details on a pro-
posed new standard square
package to be used in high
density/speed applications.
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ETI SPECIALS
electronics
today international

£2.50 + 25p P&P
+ 2-Top projects include:

Master mixer, 100 W guitar amp., low power laser,
printmeter, transistor tester, mixer preamp. logic probe.

1.8 METAL LOCATER INFRARED
INTRUDER ALARM STAGE MIXER
REACTION TESTER DUAL DICE

HEART RATE MONITOR S.T.O.

\ TIMER LOGIC T

goi,r0 ToP.,,ics

SAL TIMER Pt.\
AUDIO LIMITER FLAC.',:

Al
,

FIVE WATT STEREL.,,,-

RADIO BREAK DOW'>

DIGITAL VOLT Mr,
MIXER TEMPERATURE

TRAIN CONTROLLER
ORGAN. -

0.00 + 25p P&P
Ni-Cad charger, loudhailer, 'scope calibrator, electronic
ignition, car theft alarm, turnindicator canceller, brake

light warning, LM380 circuits, temperature alarm, aerial
matcher, UHF TV preamp, metal locator, four -input
mixer, IC power supply, rumble filter, IC tester, ignition
timing light, 50 W stereo amp. plus many more....
3-This issue was so popular that it is now sold out!
4-Includes:
Sweet tixteen stereo amp., waa-waa, audio level meter,
expander/compressor, car theft alarm, headlight
reminder, dual -tracking power supply, audio millivolt -
meter, temperature meter, intruder alarm, touch switch,
push-button dimmer, exposure meter, photo timer,
electronic dice, high -power beacon, electronic one-armed
bandit! ...
5-Twenty-two complete projects, including:
5 W stereo amp., stage mixer, disco mixer, touch organ,
audio limiter, infra -red intruder alarm, model train
controller, reaction tester, headphone radio, STD timer,
double dice, gen.-purpose power supply, logic tester,
power meter, digital voltmeter, universal timer, break-
down beacon, heart rate monitor. 1B metal locator,
temperature meter....
6-Just published. Includes:
Graphic equaliser, 50-100 W amp. modules, active
crossover, flash trigger, "star and dot" game, burglar
alarm, pink noise generator, sweep oscillator, marker
generator, audio-visual metronime, LED dice, skeet game,
lie detector, disco light show....

SEE PAGE 64

electronics
tomorrir- 15p

NAIIPPENING

of STAR WARS

75p + 25p P&P
Comprised entirely of new matenal, the edition covers
such diverse subjects as Star Wars and hi-fi! The
magazine contains projects for everyone - none of which
have appeared in ETI - and a look at the future of MPUs,
Audio, Calculators and Video. How can you not read it?

TRANSDUCERS IN
MEASUREMENT
AND CONTROL

R INSTEPS M WYCIIMAIMADA

£3.00 + 25p P&P
This book is rather an unusual reprint from the pages of
Eli, The series appeared a couple of years ago in the
magazine, and was so highly thought of by the University
of New England that they have re -published the series

splendidly for use as a standard textbook. Written by
Peter Sydenham, ME., Ph.D., M.Inst.M.C., F.I.I.C.A., this
publication covers practically every type of transducer
and deals with equipment and techniques not covered in
any other book. Enquiries from educational authorities,
universities and colleges for bulk supply of this publica-
tion are welcomed. These should be addressed to H. W.
Moorshead. Editor.

FROM ME MtatiSHiliS OF
KFOROMCS IODAT IPMERMATiON0.1.

En

CIRCUITS

Not
1 50

Each volume contains over 150 circuits, mainly draws
from the best of our Tech -Tips. The circuits are indexed
for rapid selection and an additional section is included
which gives transistor specs. and plenty of other useful
data.
Sales of this publication have been phenomenal - hardly
surprising when the circuits cost under Ip each! Each
volume costs:

£1.50 + 25p P&P

Our successful beginners series came to an end some time
ago now, and the whole series is available from us in
reprint form. The three books between them contain all
the information presented in the series (sometimes in
more detail!) and together form an excellent starting point
for anyone interested in learning the art of electronics.
Each volume costs

0.20 + 25p P&P

HOW TO ORDER
Postage and packing also refers to over-
seas. Send remittance in sterling only.

ETI Specials
ETI Magazine
25-27 Oxford Street
London W 1 R 1 R F

Please mark the back of your cheque or
PO with your name and address.

Please supply me with the fol-
lowing ETI Specials:

Total cheque/PO enclosed =£
Address:

M

(Please allow four weeks for de-
livery)
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NON -SUBSCRIBERS
START HERE_D

V

THE CORNER SHOP:
"'SORRY MATE THE
DOG CHEWED YOUR
COPY."

A MAGAZINE STAND
'WE'VE RUN OUT,

BUT I CAN GIVE YOU
CAMPING NEWS' ?"

GIVE UP, GO HOME:
AND TAKE OUT A

POSTAL SUBSCRIPTION
TO ETI.

THE DEPARTMENT STO'O
MAGAZINES THAT'S JUST

BEHIND COSMETICS. NO,
WAIT A MINUTE....THEY'VE
JUST MOVED TO THE NINTH
FLOOR OR WAS IT ?"

ANOTHER CORNER SHol,
"SORRY, SOLD OUT
HAVE YOU TRIED THE
CORNER SHOP UP THE
ROAD?"

It can be a nuisance can't it, going from newsagent to
newsagent? "Sorry squire, don't have it - next one should
be out soon."

Although ETI is monthly, it's very rare to find it available
after the first week. If it is available, the newsagent's going
to be sure to cut his order for the next issue - but we're glad
to say it doesn't happen very often.

Do yourself, your newsagent and us a favour. Place a
regular order for ETI; your newsagent will almost certainly be
delighted. If not, you can take out a postal subscription so
there's nothing for you to remember - we'll do it for you.

For a subscription, send us £7.00 (E8.00 overseas) and tell
us which issue you want to start with. Please make your
payment (in sterling please for overseas readers) to ETI
Subscriptions and keep it separate from any other services
you want at the same time.

ETI Subscription Service
Electronics Today International

25-27 Oxford Street, London W1 R 1R F

.d.i.gneseers
solid state speech

If the latest goodie from Texas
Instruments is as successful as
we think it will be, the next
generation will speak with an
American accent! Called
"Speak & Spell' it is a box that
talks to the kids (with a
'standard' American accent),
and theoretically helps them
pronounce new words
correctly - it also compares
how the kids spell the word
with the correct (American)
spelling, and indicates whether
they gave the right answer.

The 200 words in the machine
were selected by educators for
the 7 to 12 year old, further sets
of words are to be made avail-
able as plug-in modules. In its
main mode of operation it
selects a word at random and
'speaks' it. The user then types

004. e. It. lie

o. Q' O. 6(

in their version of how it is
spelt, and the machine either
says well done, or please try
again (or noises to that effect).
After 10 words the 'Speak &
Spell' talks and displays a score.
Various other modes of opera-
tion are also available, in-
cluding a version of 'Hangman'.

Heart & Throat of the
machine is a 128K ROM, the
word library is stored as a series
of sound values-representing
the various word characteris-
tics. Priced at 50 dollars in the
States, it will be available from
July onwards, although no date
has been given for U.K. release.
Methinks the ETI office culd
use one usfulli. Texas Instru-
ments Inc., Consumer relations,
P.O. Box 53, Lubbock, Texas
79408.

national phoenix
National Semiconductor have
recently opened the first plant
in the world to process 4 inch
silicon wafers. The production
facility has been built on the
ashes of their previous factory
in Greenock, which burnt down
a year ago. The builders es-
timated that it would take bet-
ween 2 and 21/2 years to rebuild,
National were determined to do
it in 12 months and succeeded.
The advantage of 4 inch over
the more normal 3 inch wafer is
simple - they get a lot more
usable ICs in the same time.

A touch of humour was ad-
ded when Peter Sprague, a
director of National and also of
Aston Martin, failed to arrive in
a brand new Aston Martin
Lagonda (yours for £32,000).
The sophisticated electronics in
the car were not functioning, or
as he remarked to some
reporters "The *©£&0" + elec-
tronics don't work", the
©£&()"+ electronics are made
by a company that has just built
a rather large factory in Sco-
tland.
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Room ETI/8
313 Kingston Road, Ilford
Essex IG1 1PJ, England
01-553 1001

NTERPRISES
From the representatives in Europe . . . for America's leading Micro -computer magazines and books, for the

hobbyist, educationist and professional alike, we bring you a little light browsing!
Reading maketh a full man ....Francis Bacon (1561-1626)

Tick or indicate quantity ordered.

From Adam Osborne Associates
INTRODUCTION TO MICROCOMPUTERS
Volume 0: The Beginners Book
Volume 1: Basic Concepts
Volume 2: Some Real Products (Revised Late 1977)

6800 Programming for Logic Design
8080 Programming for Logic Design
Z80 Programming for Logic Design
8080A/8085 Assembly Language Programming
6800 Assembler Language Programming
Some Common BASIC Programs

£5.95
£5.95

£11.95

£5.95
£5.95
£5.95
£6.95
£6.95
£5.95

BUSINESS PROGRAMS IN BASIC
Payroll With Cost Accounting £9.95

Accounts Payable & Accounts Receivable
(Available from Midsummer '78) £9.95

General Ledger (Available from late summer 78) £9.95

From Scelbi Computer Consulting Inc.
6800 Software Gourmet Guide & Cookbook £7.95

8080 Software Gourmet Guide & Cookbook £7.95

8080 Programmers Pocket Guide £2.25

8080 Hex Code Card £2.25

8080 Octal Code Card £2.25

8080 Guide and One 8080 Code Card £4.20

8080 Guide and Both Code Cards £6.00
SCELBAL High Level Language for '8008/8080' Systems E39.25

SCELBAL String Handling Supplement £8.00

SCELBAL Extended Maths Supplement £4.00
Understanding Microcomputers & Small Computer Systems £7.95

SCELBI 'BYTE' Primer £9.95
8080 Standard Assembler (In Book Format) £15.95
8080 Standard Editor (In Book Format) £9.95

From Peoples Computer Company
Reference Books of Personal & Home Computing £4.95

What to Do After You Hit Return £7.00

Dr. Dobbs Journal Volume 1 £10.00

'From Kilobaud/73 Magazine Inc.
Hobby Computers Are Here
New Hobby Computers

From Dymax Inc.
Instant BASIC by Jerald R. Brown
Your Home Computer by James White
My Computer Like Me ...When I Speak

BASIC By Bob Albrecht
Games With A Pocket Calculator by

Thiagarajan & Stilovitch
Games, Tricks and Puzzles For a Hand

Calculator by W Judd

'From BYTE Publications Inc.
,Paperbytes:

Tiny Assembler for 6800 Systems
Bar Code Loader for 6800, 8080, Z80 & 6502 Micros

Best of BYTE Volume 1

£3.95
£3.95

£4.95
£4.95

£1.65

£1.75

£2.49

£5.75
£1.75
£8.95

Due to fluctuations of the dollar, prices are subject to change

'HOW TO ORDER

Please note our prices include postage
and packing, but not insurance, if
wanted add 12p for every £10 of books
ordered. Make cheques, POs etc pay-
able to:
L.P. Enterprises
CREDIT CARDS accepted
BARCLAYCARD VISA/ACCESS/
DINERS CLUB/AMERICAN EX-
PRESS

Phone: 01-553 1001 for Credit Card
orders (24 -hour service).

Tick or indicate quantity ordered
* From Creative Computing Press
Best of Creative Computing Volume 1
Best of Creative Computing Volume 2
101 BASIC Games (Revised & Reprinted

Feb. 78)
The Colossal Computer Cartoon Book
Computer -Rage (A new Board Game)
Artist and Computer
* From Everyone Else
Magazine storage boxes-(hold12 minimum)
Sybex: Microprocessors from Chips to Systems

by R. Zacs
Sybex Microprocessors Interfacing

Techniques by R. Zacs
Dilithium: Home Computers-

Volume 1: Hardware
Dilithium: Home Computers

Volume 2: Software
Getting Involved With Your

Own Computer
'IV Typewriter Cookbook by Don Lancaster
TTL Cookbook
CMOS Cookbook
IC Timer Cookbook
IC OP -AMP Cookbook
RTL Cookbook
Computer Programs that Work (in Basic)
* From Basic Software Library
(from Scientific Research Instruments)
Vol 1: Business and Personal Booking Programs
Vol 2: Maths and Engineering Programs
Vol 3: Advanced Business Programs
Vol 4: General Purpose Programs
Vol 5: Experimenters Programs (General

Vol 6: General Ledger Program
Vol 7: Professional Programs
Magazines: Back Issues
Personal Computing
Interface Age
Dr. Dobbs Journal
Computer Music Journal
Peoples Computers
*BYTE
Creative Computing
Calculators & Computers
ROM
Kilobaud
73
MAGAZINES: Subscriptions
Personal Computing (Twelve Issues Yearly)
Interface Age (Twelve Issues Yearly)
Dr. Dobbs Journal (Ten Issues Yearly)
Computer Music Journal (Four Issues Yearly)
Peoples Computers (Six Issues Yearly)
Kilobaud (Twelve Issues Yearly)
`BYTE (Twelve Issues Yearly) via USA
BYTE (Twelve Issues Yearly) via UK
Creative Computing (Six Issues Yearly)
Calculators & Computers (Seven Issues Yearly)
73 (Twelve Issues Yearly)

Price Price
UK Overseas
£6.95 If Different
£6.95

£5.50
£3.95
£6.95
£3.95

£1.75

E7.95

£7.95

£6.50

£5.95

£4.75
£7.50
£7.50
£7.95
£7.50
£9.50
£4.25
£2.55

£17.50
£17.50
£26.95
£7.95

£7.95
£32.50
£26.95

£1.75
£2.25
£1.75
£2.50
£1.75
£2.25
£1.75
£1.75
£1.75
£2.25
£2.25

£16.00
£20.00
£13.00

£8.50
£8.00

£20.00
£15.00
£21.00
£8.50

£10.00
£20.00

£17.00
£20.50
£13.50

£9.00
£8.50

£21.00

E9.00
£10.50
£21.00

LPE/578/VC

Send to address above for the attn. of David, Room ETI/8
Indicate Payment Method:

My cheque, P.O., I.M.O. is enclosed in Sterling on U.K. Bank

Charge to Barclaycard/Visa/Access/Diners/American Express

Credit Card No. Expiry date

Name

Address

POSTCODE

All Orders must be Prepaid
Total Enclosed £

Signature

All publications are published 'n U.S.A. and shipped air -freight by L.P. Enterprises. In unusual cases, processing may exceed 30 days.
*BYTE subscriptions are processed in USA and are air -freighted & posted from Amsterdam and will take 3 months to start.

U.K. subscriptions start within three weeks
TRADE ENQUIRIES WELCOME
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Ever feel you need a good rub down before you start one of our projects? Perhaps
you need-

ETIPRINTS
ETIPRINTS are a fast new aid for producing high quality printed circuit boards.
Each ETIPRINTS sheet contains a set of etch resistant rub down transfers of the
printed circuit board designs for several of our projects. ETIPRINTS are made from
our original artwork ensuring a neat and accurate board. We thought ETIPRINTS
were such a good idea that we have patented the system (patent numbers 1445171
and 1445172). The following are available in the ETIPRINTS series.

001 3 Channel Tone Control
Spirit Level
Clock A
Digital Thermometer
Skeet Game
Compander

002 House Alarm
Rev Monitor
Clock B

003 Race Track Game
Hammer Throw
Freezer Alarm

Oct 77 004 Metal Locator Mk II Feb 78
Oct 77 Ultrasonic Tx / Rx Feb 78
Nov 77 5 Watt Stereo Amp (modified)
Oct 77 Jan 77

Nov 77 Metronome Feb 78
Nov 77 Porch Light Feb 78

Shutter Timer Feb 78

Jan 78
Dec 77
Dec 77

005 Op -Amp Supply
Frequency Shifter
LCD Panelmeter
Light Dimmer (3 times)

Mar 78
Mar 78
Mar 78
Mar 78

Jan 78 006 CMOS Switched Preamp FromJan 78 Experimenters PSU "ElectronicsDec 77 555 Boards (twice) Tomorrow"

From Project Book 6:

010 Bench Amplifier 011 Noise Generator
Freezer Alarm General Preamp
Marker Generator Flash Trigger
LED Dice Compander
Watchdog (2 PCBs) Active Crossover
Stars & Dots PSU (2 PCBs)

007 Star Trek Radio
CD Ignition
CCD Phaser
White Line Follower

008 Tank Battle
Helping Hand

009 AM/FM Radio
Bridge Oscillator
CMOS Stars & Dots

Torch Finder (twice)
Etiwet (twice)

012 Disco Lightshow
Stereo Simulator
Digital Thermometer

013 Amplifier Module
Amplifier PSU
Equaliser
Equaliser PSU

May 78
May 78
May 78
April 78

May 78
May 78

June 78
June 78
June 78

July 78
July 78

Aug 7E

014 Skeet Game
Sweep Oscillator
Burglar Alarm
GSR Monitor

ORDER TODAY
Send a cheque or P.O. (payable to ETI Magazine) to -
ETI PRINT
ETI MAGAZINE,
25/27 OXFORD STREET, LONDON W1 R 1 RF.

7 Each,
andP&P.
including

VAT
Lay down the ET/PR/NT and rub over with a
soft pencil until the pattern is transferred to
the board. Peel off the backing sheet carefully
making sure that the resist has transferred. If
you've been a bit careless there's even a
'repair kit' on the sheet to correct any breaks!
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Alarshdl elate awe a rear'deat
Call in and see us 9-5.30 Mon -Fri 9-5.00 Sat
Express Mail Order Tel orders on credit cards £10 min.
Trade and export enquiries welcome

A. Marshall (London) Ltd., Dept. ETI. Heed Office mail order; Kingsgate House. Kingsgate Place, NW6 4TA. Tel. 01-624 0805. Retail Sales London: 40-42
Cricklewood Broadway, NW2 3ET. Tel. 01-452 0161 i 2. Telex 21492. London: 325 Edgware Road, W2. Tel 01-723 4242. Glasgow: 85 West Regent Street.
G2 2QD. Tel. 041-332 4133. Bristol: 1 Straits Parade, Fishponds Road. BS16 2LX. Tel. 0272 654201.

TRANSISTORS 203393 0.17 264037

211696 0.39 262210 0.35 263394 017 264058
211697 0.31 2622184 0.38 2933% 0.19 264059

29698 0.49 7112219 938 2933% 0.19 2114060

26699 0513 2622194 0.39 263397 0.19 2114061

20706 0.30 262220 0.39 263438 0.85 2114062

297064 0.30 2/12221 0.25 263440 0.75 264064
29708 0.30 1N22216 0.25 263441 0.92 204074

20718 030 212222 0.25 263442 1.45 294121

207116 0.54 2622224 0.25 21136.38 0.17 2114122

267204 0.85 292369 0.27 21436388 0.17 264123

29722 0.45 21123698 0.27 293702 0.14 264124

21727 0.50 292545 0,00 293703 0.14 264125

1/1914 0.38 262647 1,55 263704 0.14 264126

26916 0.33 2112903 1.60 211375 0.14 294284
20917 0.30 2109114 021 293706 0.14 264206

26918 0.45 2929044 0.31 2113701 0.14 264207

20929 0.37 262905 0.31 293708 0.12 294288

209294 0.37 2629054 0.31 203709 0.12 294209

29930 0.37 2112906 0.25 263771 2.16 294347

269308 095 2629064 0.25 263772 2.20 294348

201711 0.30 210907 0.25 293773 3.15 204918
noses 0.30 2920378 0.25 203819 0.36 264919

NINO 030 292923 0.17 293820 0.39 2114920

201893 0.30 292924 0.17 293821 0.06 294921

202102 0.50 2112925 0.19 263900 0.28 204922
202192 0.58 292926 917 293401 0.30 294923
292193 050 263053 0.25 2113903 0.20 294924
2121934 00.2 2113054 0.72 293934 0.16 295086
212194 0.42 263055 0,75 263905 0.18 265087
21121944 0.45 203390 0.50 263906 0.18 265088

312195 0.40 213391 940 264031 0.55 265089
2021956 0.40 21133914 045 294032 0.65 2651%
202217 ass 263392 0.17 284036 0.72 265191

LINEAR CIRCUITS
6018 0.75 1443195 4.25 1.4178156 1.75
2830188 1.10 5638068 0.96 16176246 1.75
683020 2.20 10380914 1.00 167810567 0.30
630204 2.50 1.14381411 270 16781126/ 0.30
2830288 0.90 1603816 1.69 387111.1562 0.30
2830288 1.25 163829 1.32 6165314 4.60
283030 1.50 193844 1.55 965316 4.60
C830308 2.20 193866 0.68 6E555 0.33
283038 2.90 2038711 ITO 11E556 0.05
6830386 4.10 263889 1.00 9E5589 1.98
63045 1.55 163899 1.00 NE560 4.50
643046 0.77 1141026 0.81 NE561 4.50
63048 2.45 19709 0.70 10562 4.50
643052 1.78 197098 0.50 NE565 1.39
283080 0.85 1970914 0.49 NE566 1.75
630806 2.10 16710 0.67 NE567 1.90
683065 0.50 L671014 0.64 9957111 4.95
6430888 1.87 16171101 0.72 545560 2.70
64301390 2.90 192236 0.75 SA5570 2.70
6430400 4.45 16723614 0.45 514110 2.10
63130 1.06 19726 5.80 5041P 1.35
63140 1194 197416 0.70 S0428 1.35
16301 030 1974168 0.30 59760001 1.30
11630711 0.50 19741614 0.311 S#780031 2.31
193088 0.95 197476 0.99 56760130 1.50
26309116 1.95 1.97488 0.50 511760239 1.50
193178 3.35 1674814 0.90 S6760339 2.35
193189 2.45 1613036 1.15 768263 1.30
1/632015 2.15 1613049 1.52 168300 3.70
101320112 2.15 1613059 1.52 1683208 1.15
19320715 2.15 1113070 1.22 1443504 3.041
19320124 2.15 1/6131011 2.10 144521 1.10
1/432085 1.15 1913516 1.30 744522 2.10
141320P12 1.15 101145814 0.45 74.4550 0.48
191321115 1.15 1614969 0.97 74560 2,10
L6320824 1.15 1910086 2.10 144570 2.20
19323(4 6.95 16113126 6.20 7683704 0.45
1.013399 0.0 1918206 1.16 768630 2.40
1934015 0.08 1018286 1.90 10960 3.90
11340115 0 Ms 16183011 1.90 168970 4.20
1.9340124 0.88 1.41184111 1.90 106118 350
16134185 0.80 1618456 1.50 768621 2.50
116341812 0.80 1018489 1.98 3113166111 1.65
19341815 0.80 29185011 1.90 76866113 1.45
44341824 0.80 1918899 4.90 144760 4.50
193484 0.95 11433019 0.60 1689301 1.45
1.0135811 0.0 1933026 0.55 7449309 1.45
193600 500 2634019 0.55 140100 2.00
1613706 3.30 19390011 0.68 70.4120 0.80
16137111 235 1639056 1.15 1114500 2.24
193500 0.45 14139096 0.78 01450011 2.34
1.143791 3.35 1/639119 1.10 164510 235
193749 3.36 11670050 1.75 1665100 2.48
1637711 1.60 161781211 1.75 194520 2.60
193786 2.48 19324 0.75 11145200 2.70

LEDS + OPTO

0.60 205192 0.80 216124 0.45 021080 0.16 621788 0.35 1102136 0.15 80337 0.20 130240.1 0.49 89160 0.33 68679 0.30 6E4001 0.16 TIP300 0.70

0.22 265193 0.75 2116125 047 861086 016 BCI79 0.25 BC2I3L 0.17 66338 0.23 602400 0.59 89161 0.65 E101130 0.30 6E4002 0.16 11P314 0.54

0.17 295194 0.80 40361 0.55 061086 0.17 62179A 0.25 0221319 0.17 62547 0.13 13024I A 0.49 89167 0.37 8E1B1 0.30 6E4003 0.16 T18312 0.72

0.22 295195 0.97 40362 0.55 132109 0.16 661196 0.25 6621311 0.17 06547A 0.13 802412 0.65 88113 0.37 61429 0.34 9E4101 0.11 118324 0.59

0.19 2115245 0.37 40363 1.45 061090 0.17 661790 0.20. 8621316 0.17 0254711 0.13 002424 0.55 09177 0.27 90 430 0.34 6E4102 0.11 118326 0.82

0.20 2/15246 0.30 40408 0.82 061096 0.18 86182 0.12 06714 9.17 66549 0.13 602422 0.62 81178 0.27 81084 0.30 6E4163 0.11 798414 0.76

1.35 295247 0.44 40409 0.82 66140 0.30 021628 0.12 862148 0.17 86549 0.14 002438 0.65 64179 0.33 (9085 0.38 614104 0.11 11P4IC 0.97

2.65 265248 044 40410 0.82 86141 0.32 021821 0.13 662146 0.17 865498 0.14 802432 0.87 10180 037 BF 986 0.30 6E6101 0.22 198428 0.66

0.27 295294 0.44 40411 3.10 BC147 0.13 66182L 0.15 862144 0.10 665491 0.15 002448 0.70 10181 0.37 89081 0.35 6E6102 0.22 118426 7.08

0.27 2115295 0.44 40594 0.87 861470 0.13 1321821A 0.15 6621416 0.10 BC557 0.14 002446 0.87 81182 0.37 (9088 0.30 MJ2955 1.35 1182955 0.70

0.19 21152% 0.44 40595 0.98 66148 0,13 061821/3 0.15 862141C 0.18 86558 0.13 802454 0.69 BFI83 044 131 889 1.37 MJE340 0.62 TIP3055 0.59

0.19 205298 0.44 40673 0.80 661488 0.13 061143 0.12 002370 0.15 BC559 0.15 1302450 0.85 BUM 0.41 81950 0.27 14.03713 0.62 11534 1.05

0.19 265447 0.16 40669 1.30 661486 0.13 1361834 0.12 86218.4 0.13 BCY70 0.21 602464 0.72 69185 0.37 89051 0.27 63E371 0.86 11542 0.50

0.19 265448 0.16 AC126 0.48 96149 0.15 861838 0.13 662388 0.13 62971 0.26 602462 0.93 BFI94 0.16 81052 0.27 MA520 0.50, TI543 047

0.38 205449 0.20 42121 0.411 BCI49C 0.15 821836 0.13 662306 0.13 06972 0.18 00433 0.44 BFI95 0.16 989% 1.35 6.1E521 0.70 11090 0.22

0.22 265451 0.38 ACI28 0.48 001576 0.15 8C1831. 0.15 8623913 0.16 B0115 0.88 60434 0.46 B9196 0.16 6/1101 0.55 1412955 1.85 11091 0.27

0.22 295458 0.35 42151 0.43 661584 0.15 13618314 0.15 (62390 0.17 80131 0.55 65435 0,46 BFI97 0.18 B(039 0.55 141143055 1.05 T1S92 0.33

0.22 265459 0.32 A2152 0.54 1161588 0.15 9618316 0.15 81.2574 0.18 611132 0.75 80436 048 81198 0.19 BSX19 0.35 988902 0.33 11593 036

0.22 265460 0.65 66253 0.59 861594 0.17 6618316 0.15 662580 0.19 60135 0.40 80437 0.55 (8199 0.19 115120 0.35 X81103 0.44 210200 0.17

2.20 265484 0.37 801530 0.59 661598 0.17 10184 0.12 1362590 0.19 130136 0.40 110439 0.55 0224.1 0.22 95021 0.35 MPF 104 0.44 210301 0.17

2.65 295485 0.40 461769 0.70 66160 0.30 661946 0.13 BC300 0.43 80137 0.41 80529 049 89225,1 0.27 BU104 1.80 6P5405 0.44 270302 027

0.65 265486 0.40 AC176 0.54 66161 0.38 861846 0.13 BC301 0.43 60138 0.41 80530 055 10244.1 0.38 101105 1.55 1485405 0.27 216303 0.27

0.70 295490 00.4 80187 0.59 66167 0.13 961441. 0.15 96302 0,37 60139 0.43 90535 970 012444 0.33 0126 1.00 MPS406 0.27 ET X304 0.27

0.63 295492 0.64 4618711 0.65 861678 0.13 66184113 0.15 06303 0.54 80140 0.43 60539 0,70 082456 0.44 80204 2.20 685612 0.44 710330 0.22

0.54 265494 0.65 0188 0.54 861684 0.13 BC1M16 0.15 06307 0.16 80181 1.90 110537 0.74 882458 0.44 B0205 2.40 683814 0.33 210500 0.16

0.60 2954% 0.67 461286 0.65 861688 0.13 B6212 0.15 863076 0.16 00182 2.20 80538 0.77 68257 0.35 19006 2.70 rapsass 0.27 2.01530 0.25

0.75 2116027 0.64 40161 1.00 061682 0.13 622124 0.15 863070 0.16 130183 2.35 80539 0.60 89258 0.35 (U709 2.70 611456 0.27
FULL

1.15 266107 0.45 40162 1.00 0616% 0.13 1021211 0.15 BC308 0.16 B0187 0.95 80540 0.60 81259 0.35 9E0401 0.22 820088 2.45

0.30 266108 0.55 89106 0.60 961696 013 862121 0.18 00301511 0.16 B0235 0.46 80(14 1.32 89336 0.42 /0E0402 0.22 8201% 2.15 RANGE

0.30 296109 0.55 49109 0.52 96171 0.22 862121.4 0.16 130300.1 0.16 80236 0.44 8201/3 1.90 61337 0.49 /4E0484 0.17 1110294 049 IN OUR

0.30 206111 0.49 BC107 0.16 961174 0.22 0621216 0.18 663098 0.16 00237 0.44 80020 1.10 (9338 0.52 14E0412 0.22 11/291 0.65 NEW

0.3U 266121 0.41 001074 0.16 001770 0.25 BC213 0.15 96.1092 0.16 60238 0.44 00055 1.90 01939 0.30 6E0414 0.22 118308 0.54 CATALOGUE

0.65 296122 0.44 0E1078 0.16 66178 0.22 1162134 0.15 66327 0.22 802394 0.44 80156 2.10 BF240 0.29 For discounl quantity prices co tact us now
0.75 266123 0.48 86100 0.16 1361784 0.25 BC2136 0.15 86328 0.20 E107392 0.59 BF I 15 0.39 88841 0.30

708530
1045300
104540
11365400

788550
1045505
111456000

034570
7685700
0347000
19472040
1134750

1867500
1841300

1068105
TBA820
764920
1641606
1C116013

TC8270
068730
16740
168750
TCM60
0.4105
TCA444

1041022
T041024
7041034
7242021140
0.61170
104180
11080CP
TLOBICP
110626P

11083611

0198429
8835511

173566
183576
32132816
18133319
11137416
U137419

2.35
245
2.60
270
3.60
280
3.00
210
220
2.29
2.06
2.36
2.45
1.30
1.30
0.60
2.99
2.36
255
2.99
4.50
4.50
300
2.00
1.49
1.65
7.50
1.24
4.75
4.50
2.15
2.15
1.25
590
1.10
1.40
1.45
0.80
0.80
0.60
3.90
3.00
0.80
0.55

MANY MORE
TYPES

STOCKED -
SENO FOR OUR

CATALOGUE

EXPAND AND 1(11M
GROW WITH °

NOT A KIT
BUT A READY
TO USE
MICROCOMPUTER
SYSTEM

AMERICA'S FASTEST SELLING MOST POPULAR 6502
BASED SYSTEM - EASILY EXPANDED
INTO A PERSONAL HOME COMPUTER

The basic KIM 2 includes Hex keyboard and display
audio cassette interface. Teletype Interlace Superb
documentation. 2K monitor software in ROM. Powerful
instruction set The beauty of this system is the ease of

and versatility. with all the possible future requirements catered
for Up and running in minutes Any future benefits from Commodores PET
computer will be software compatible with their KIM system and in fact your
KIM system has the design flexibility to suit any requirements
KIM 15 EXPANDABLE - Expand as you learn up to 65K
KIM 1 - Basic board with above features assembled E160 92
KIM 3 - 8K static RAM card plugs into motherboard El 93 00
KIM 4 - Motherboard (takes 6 x KIM 31 + power supply 996.00
KIM 0 - Prototype board for user designation E4 2 00
The Commodore PET and KIM are both based on the 6502 micro
VDU INTERFACE - Teletype card - takes control E1 50 00
Fully assembled TTY Card -ASCII keyboard in - converts TV set to cheap
computer terminal via aerial socket. Also standard RS232 connector for
micro, computer or modem - 16 lines x 64 characters

SEND SAE NOW FOR FULL DETAILS

CMOS "21
4000 0.22

40228

400I8
03238
402480.22

4002 01..2522

4006

4028134007 0.22
40086 0.99 40299
4009 950 4030
4011

11

0.56 40316
4011 0.22 40358

4012

0

40138

011.i.rs5n 42 44'004:48B

4014
4015
4016

4017B
0.52 4044
105 4045

40111

00198
1.05 40466
0.52 40478

40208 1.15 4049

1.05 40500 0.15
1.00 40510 0.85
0.22 40529 0.86
0.76 40538 O.%
0.22 4054 1.41

0.55 4055 1.65

0.92 1056 1.65
1.10 4059 6.00
0.84 40608 1.15
2.25 4063 1.35
1.30 406611 0.75
1.20 4067 4.85
0.95 4068 0.27
0.86 40696 0.24
195 40700 005
1.00 40710 0.24
1.76 4072 0.27
1.50 40738 0.24
0.96 40758 0.24
0.96 40768 0.99

1077
4078

40818
1682

4085
1086
10890
40930

4094

4e95
4096

4097

4098
45108

0.70
0.27
024
0.27
0.89
0 89
2.10
1.0O

2.30
130
I 30
4 65
1.00
1.20

0511 1.75

4516 2.10
45188 1.20

FULL RANGE IN
OUR NEW

CATALOGUE

TTL & CMOS
1415000

741.5016

7415026
74150311

741.5046
74151011

795129
7415139
741.51411

7415206
74/526N
76.5276
74152811

7415309

741.5376

7411386
7415400
74154211

74154711

741$489

74154911

7415516
74/554N
7415730
741576$
1415091
741583/0
74158511

74159011

1410916
'4/5929
7415930

74159540
7415969

74151076
74101098
74151226
14151236
741512411

74151258
74151269
70.51380
bits i 56p

741.0158/1

74/51609
741.51616

74151620
141.51640

0.26 4/516811 2.43 74049 0.17 74%N 0.70

0.26 41516911 2.43 74058 0.22 74926 1.95

0.26 41517411 133 74066 0.56 741000 1.40

0.25 41517% 1.26 14076 0.55 74107N 0.35

0.29 41.51816 3.95 74089 0.22 7411811 0.95

0.26 413189N 3.74 74096 0.22 7411% 1.40

0.26 4151900 1.00 74109 0.20 7412111 0.29

0.58 41519111 1.00 74119 0.26 1412211 0.55

1.43 415192/1 1.98 74129 020 741na 00.5

0.26 4151936 1.98 74130 0.36 741250 0.45

0.39 4151960 1.28 74149 0.80 741416 0.86

0.50 VAN 0.24 7416% 0.36 14148$ 1.35

0.42 4150211 0.24 14116 0.36 1414511 0.06

0.26 CAM 0.24 74206 0.22 7415011 1.29

0.32 400811 0.24 74236 0.32 14151/1 0.76

0.32 46100 0.24 74258 0.32 741536 0.76

0.29 46140 1.41 74276 0.32 741540 1.20

107 4621311 0.24 743011 0.22 741556 0.70

1.09 42306 0.24 74326 0.30 741576 0.78

1.09 46329 0.24 74376 0.35 7416049 1.10

1.09 46429 0.92 74399 0.32 7416119 1.10

0.26 46.4811 1.38 74406 0.20 7416219 1.10

526 0136 0.54 744146 0.04 7416346 1.10

0.42 41746 0.56 74429 0.76 7416411 1.36

0.42 46769 0.54 74450 1.40 741656 1.36

0.42 41.839 150 744686 0.90 741676 2.50

1.20 46856 1.30 744766 0.80 741701 I.0
1.10 46869 0.64 74486 0.80 74175N 1.00

1.10 46896 4.39 14509 0.22 7417611 0.90

1.20 42906 0.85 74516 0.22 741776 0.98

0.86 46936 0.85 74539 0.22 741806 1.00

1.10 46956 1.04 74540 0.22 7416111 2.00

1.10 461076 1.22 74600 0.22 741826 0.80

1.35 4215011 4.14 74706 0.46 741846 10.0

0.42 4615111 2.47 74728 0.30 741856 1.50

0.42 46154N 314 7423N 0.44 7418BM 3.25

0.90 421579 2.21 74746 0.32 7418911 20.0

0.63 4216011 1.11 74756 0.80 141906 1.40

2.70 461610 1.11 74766 0.45 7419111 1.20

0.50 461629 1.11 74800 0.60 7419211 1.20

0.50 4616.311 1.11 74016 1.00 7419311 120
0.44 01644 1.04 74826 11.00 7419(11 1.20

120 461939 1.11 74E136 1.05 741976 1.00

0.65 4619511 1.04 74846 1.29 1419811 2.00

1.43 40011 0.17 749211 045 74199N 2.00

085 4016 0.17 74936 0.45

1.43 40211 0.17 74940 0.90

1.43 4039 0.17 74956 0.76

NEW LOW PRICES

_11110
Displays 7 tom LEDS Red Gr Yell
Corn anode or oath Small 3mm .10 .19 .19
Red Large 5mm .20 .20 .20
8mm HT E1.50 Extra bright .40 .40 .40

1Ornm FIT E1.55 I/red L0271 E0.55
I 41mm HT E1.57 IR receiver E1.45
18mm HT E1.85 Opto coupler 21.55

FULL RANGE + DATA IN OUR 1978 CATALOGUE

NEW 1978
CATALOGUE
40 page catalogue - nem
enlarged micro section -
largest range of quality
componenls use
franchised suppliers avail
able in OK All VAT inclusive
prices. Over 8.000 line
items plus lots more 459
post paid or 35p io callers
at any of our lour branches

OIL SKTS
low proble IC skis
8 pin 15p

14 pin 16p
16 pit lip
18 pin 27p

27 pin 30p
21 pm 35p
28 pin 45p
40 pin 55p

FULL RANGE OF
Capacitors Diodes

Resistors Cables

Plawskts Cases

Meters in our new

Clocks catalogue

TRiACS cloth pick 1004 10220

leas
4 amp 72p
6 amp 77p
8 amp 829

12 amp 93p

THYRISTORS plastic power
4 amps 8 amps
%00.30 1000 0 47
DOv 0.44 200v 0.54
00v 0.54 400v 0.68

Blanked Texas quality product

16 amp 93p
20 amp E I .B7

25 amp C2.20

12 amps

1000 0.63
2000 0.70
4000 0.90

LOW COST TELETYPE
CONVERT TV SET TO TELETYPE
The new CRT control chip from Thomson CSF SFF96364. Convert
your TV set into an electronic teletype - 16 lines x 64 characters
- requires RAM. character generator and little else for a basic
teletype. Available as chip or full display card.
Full cursor control. 5 volts TTL compatible. line N EW
erase. lull card included UART. Modem, char. CHIP EY 7.20
gen etc. Comp video out from encoded keyboard FULL CARD

E151.00
in.

SEND S.A.E. FOR DETAILS

* MAIL *
ORDER

Express service on all
orders - please add
40p for _p&p to all
orders Telephone
orders on credit cards
EIO 00 minimum

3' 2 DIGIT PANEL METER KIT
Inters(
4106 kit LCD NEW!
display Ball
operated
Contains all
rornponenls
required for
construction plus
PCB. Auto
cell extremely

sabre and
accurale easy
assemble kit

£26.99

COMPONENTS
WE STOCK MORE

Stocking distributors officially appointed

*NATIONAL VERO
*TEXAS ANTEX
MULLARD ELECTROLUBE
*SIEMENS SIFAM
SESCOSEM *ARROW HART

MAKES COMPONENTS BUYING EASY
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FEATURE

DESIGNING

HIGH (EST)~ Fl

AMPS
Audio amplifier design has come a long
long way since its move into semicon-
ductors. Stan Curtis, who has been res-
ponsible for such excellent examples of
the art as the Cambridge Audio and Lec-
son, explains here the black arts of
super-fi designing.

CAREFUL LISTENING TESTS have shown that while an
amplifier that measures badly is unlikely to sound good
one that measures well cannot be guaranteed to sound
good. Thus it is apparent that the traditional measure-
ments of power distortion and frequency response need
supplementing by new and more powerful laboratory
tests. Such tests should more closely relate to the
conditions prevailing when the amplifier is driving
realistic loads and using music signals rather than
sine -waves, which of course represent only one special
case.

ITCAMPLIFIEr
NDER

TEST

AMPLITUDE
BALANCE

MONITOR

VIRTUAL
EARTH MIXING /I //
AMPLIFIER

PHASE BALANCING
CIRCUIT (TYPICAL)

SIMPLE NULLING CIRCUIT

Block diagram of the Peter Walker balancing test.

Balancing Adj.
The first such test was popularised by Peter Walker of
Quad. It is a simple nulling system whiCh attempts to
cancel the output and input signals of an amplifier. With
full cancellation whatever remains must be distortion,
i e. signals added to or subtracted from the original. The
ideal, or perfect, amplifier will produce no residual at the
output of the nulling circuit and any imperfections will
be monitored during a piece of music

....... .in practical terms. thirbalancim of this circusit-is
difficult if p signififa re ,ccuracy is

flermal drifts can f,tg oblem and ally
is dlifICUit to set up f ne ampliIie as

usually the whoie 'ph etwork are be
re -calculated and revel time. Howey is
simpircui usefiglpr staLuing juthowgtgt n
am t.W. s are in SIM t1 ,c OMR of alline
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However, with such high current capability it is
essential that the amplifiers have speaker muting to
prevent switch -on "thumps" (or more accurately, ear-
thquakes) and DC offset protection to protect the louds-
peakers from the effects of 20 Amps of pure DC!

Offsetting Long Tails!
DC offset has been a major problem with many DC
coupled amplifiers (i.e. those having no output capaci-
tor). The offset voltage measured across the output
terminals should not be any more than ± 50 mV. Once
this voltage starts to rise the loudspeaker is subjected to
a DC bias which moves the coil out of the central
position. This in turn causes the coil to heat up and the
power -handling capability of the loudspeaker to be
restricted.

Eventually (and often sooner) the loudspeaker will
blow. Many amplifiers have an offset voltage that is
acceptable when the amplifier is first switched on but
which starts to increase as the amplifier heats up. Such
amplifiers are subject to thermal drift and this drift is
normally due to a component mismatch in the circuit.
The conventional amplifier, with a long-tailed pair at the
input, is "theoretically" free of thermal drift as these will
be automatically compensated for by the DC feedback.

However, this is on the assumption that the first two
transistors (or FETs), forming the long-tailed pair, are
perfectly matched.
The input offset voltage (upon which the output offset
voltage is dependent) is related to the base -emitter
voltage V of each transistor.

e.g. Vos =VBE1-VBE2

This difference can be made almost insignificant by
using a dual -transistor or a monolithic integrated -circuit
differential stage where matching is provided by the
simultaneous adjacent fabrication of the two transistors.
With discrete transistors, however, a close match is
unlikely.

Similarly unbalanced output loading or mismatch of
the collector resistors also increases the offset voltage.
These mismatches also worsen the linearity (and hence
the distortion) of this stage. Thus well designed
amplifiers usually use 1% tolerance resistors in these
positions and adopt balanced circuitry throughout.

The offset voltage is considerably reduced by the
application of local DC feedback that occurs when
emitter resistors are fitted. In this case;

VOS =VSE1-VBE2 +1E1 Ref -1E2 Re2

and so by adjusting the balance between Re, and Re2
with a trimpot a balance can be achieved.

Emitting Resistance
Note that Re =R, +re is the total external emitter resist-
ance and rp is the transistor dynamic emitter resistance.
Thus it can be seen that in the earlier typical example of a
stage without emitter resistors, an inbalance of re and re
will cause a worsening of the offset voltage. More
importantly it can reduce the common mode rejection of
the stage. In this case the common mode is the HT lines
with their ripple to appear at the output of the amplifier.

Of course the presence of emitter resistors also lowers
the AC gain of the stage. For reasons to be discussed later
this is not such a bad thing but in some amplifiers, for

Differential pair with variable emitter resistances balanced by
variation of the potentiometer.

In this circuit the input offset voltage is related to the base -
emitter voltage of this transistor.

Recovering lost gain by use of bypass capacitors across the
emitter resistances.
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FEATURE : HIFl Amps

CLIPPINfl
Ve HT

11V

-Ve HT

Effect of a s'ne wave of varying amplitude as signal upon the DC
offset voltage at the output.

dB

0/L GAIN

80

60

40

20

20dB/DECADE
SLOPE

10` 10 10 10' 10' 10' f Hz

In the case shown in the diagram (unconditional stability) the
open -loop response of the amplifier is stabilised by rolling it off
at a slow 20 dB /decade slope with a single pole at 1 KHz. This
amplifier would be stable with any amount of resistive feedback.
However it will be seen that at higher audio frequencies the
amount of feedback available reduces and so the distortion of
the amplifier will increase. For this reason many amplifiers are of
the -marginally stable- type.

dB A

80
OIL GAIN

20dB/DECADE

FEEDBACK 90°PHASE SHIFT
60

I

C/L GAIN
40

180°PHASE SHIFT
20 -

10 iu i0r 10 10' 10' 10 f H7

In this case the amplifier has a fast roll -off which allows an
improved closed loop performance at higher frequencies but
without careful compensation they are not stable under all
conditions of feedback. Once the phase shift reaches 180° the
amplifier will become unstable so it can be seen that our example
is only marginally stable.

example the GAS Ampzilla. This gain can be recovered
by using bypass capacitors.

Clip -on Off Set
Another situation where abnormal DC offset voltages
occur is following a clipping overload of the amplifier.
When many amplifiers are driven into clipping, the DC
voltage of output rises towards one of the HT lines and
then when the signal comes out of clipping the amplifier
takes a finite time (often several seconds) to recover with
the output DC voltage often oscillating between a
positive and negative voltage before finally settling back
to its nominal zero. Of course, when the amplifier is
driven into clipping the normal negative feedback
system ceases to control the amplifier.

Thus the DC instability is indicative of poor low
frequency stability in the amplifier. Some of the worst
(but not all) amplifiers in this respect, have separate AC
and DC feedback loops and so have big eletrolytic.
capacitors (decoupling the AC loop) which take time to
charge and discharge.

The old Cambridge P 1 00 amplifier had this problem
and the effect on the reproduction of a loud bass note
can be imagined to be as waffley and uncontrolled as it
is. Regrettably many amplifiers still suffer from this
problem.

Quite often some amplifiers go unstable without their
owners becoming aware of the problem. Sometimes the
oscillation may be moderate in level and at a very high
frequency; the only symptom being that the amplifier
seems to run hotter and next -door's electric drill causes
more TV interference than before!

Compensation Phase
To know why some amplifiers are potentially unstable it
is necessary to understand the principles of phase
compensation. Much of the low distortion characteristics
of amplifiers are achieved through negative feedback. If
the phase shift around the feedback loop reaches 360
at any frequency at which the loop gain (i.e. the overall
amplifier gain) is unity the result is a self-sustaining
oscillation at that frequency.

The phase -inversion to provide negative feedback
produces a stabilizing 1 80 (eg. "out of phase") phase
shift, but an additional 180 can be developed in the
amplifier.

The phase shift developed through an amplifier is the
combined phase shift of its several stages, and it usually
develops 180 at higher frequencies. To ensure
frequency stability under feedback conditions, phase
compensation reduces the amplifier gain at those
frequencies for which phase shift is high and it reduces
high frequency phase shift by accepting a greater phase
shift at low frequencies. This is accomplished by adding
response poles and zeros in the form of resistor -capacitor
networks (real or inherent in the transistors) in the
amplifier circuitry.

Equally important, to the owner of an expensive pair
of loudspeakers, is the problem of high -frequency
instability. These days very few high quality amplifiers
are so unstable that they break into oscillation. However,
quite a few respected units are on the edge of instability
and so can potentially become unstable following a shift
in operating conditions or of output loading.
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Sum Theory
The author used another technique at Cambridge
Audio to investigate the changes in amplifier perfor-
mance that are dependent upon the loudspeaker load.
The two channels of a stereo amplifier are driven in
mono but one channel is converted to become non -
inverting. The outputs of both channels are summed and
the resulting signal is monitored. Theoretically both
channels should transmit the signal in the same way and
(for a given circuit design) any distortion, time aberra-
tions etc. should be the same for both channels. It is
often quite possible to balance the two channels (driving
8 Ohm resistive loads) so that the residual is inaudible.
However when one 8 Ohm load is replaced by a real

LHC
SIGNAL

MONITORING
SYSTEM

LOAD

SIMPLIFIED TEST SYSTEM

Using one channel as an inverting amplifier to monitor distortion
produced by the design.

"live" loudspeaker the residual betrays problems
caused by the new load. In a refined form the test works
'well and it did reveal two interesting things;

i) the two channels of the average amplifiers are rarely
identical

ii) some amplifiers work better in the inverting mode
than in the non -inverting.

These tests serve best to indicate imperfections
without generating much data to help the designer. Two
simple but useful tests do generate an awful lot of usable
data. The first is an HF Intermodulation Test.

IM High
The conventional IM test uses an LF (50 Hz) and an
HF (7 kHz) tone in a 4 to 1 ratio and then measures the
sum -total of the sideband (e.g. distortion) components.
This is of little practical value unless the amplifier is
particularly non-linear.

11

IGNAL
OURCES

12

PASSIVE
MIXING

Intermodulation distortion testing using three frequencies.

SPECTRUM ANALYSER

A IPLIFIER

/7777

2

11 IT

I 111.11

FRED

DISTORTION SIDEBANDS

dB

The HF IM test uses two tones of, say, 15 000 Hz and
15 100 Hz and the resulting side -bands are viewed on a
spectrum analyser. The frequencies can be altered to

suit whatever simulation that is desired, e.g. two
sopranos trying to sing the same note.

By repeating the tests at different levels it can be seen
that many amplifiers have a performance which varies
appreciably with signal level, and the test results corre-
late very well in identifying amplifiers with an aggressive
"top end."

Dynamically Noisy
The second test is similar but attempts to measure the
amplifiers' performance under more varying,
"dynamic" conditions. A white noise source has a
harmonic and amplitude structure which is variable and
random and thus provides a better simulation of a music
signal than does a sine -wave. The noise signal is passed
through a bandpass filter to define its frequency res-
ponse. The bandwidth and centre -frequency can be
altered to suit the investigation as can the overall
operating level. The output of the amplifier is fed to a
spectrum analyser where the out of band components
can be studied. Again this test is very useful for studying
the effects of different loudspeaker loads but more
significantly for subjecting the amplifier to random
momentory "clipping" overloads.

SPEC 1 NMI
ANAL YSEF

RANOPASS
FILTER

NOISE SAND
SIMPLFIED VERSION OF NOISE BAND TEST

Noiseband testing with a spectrum analyser, the sidebands
produced by the amp are clearly visible.

A Channel and A Log
Possibly the most complex type of testing in use is a
form of input and output signal comparison used by
Analog Engineering Associates in the U.S.A. and, in a
simplified form, by Mission Electronics in the U.K. AEA
have developed a Transient Distortion measurement
system that uses music as a test signal to evaluate circuit
performance under dynamic conditions. This system
consists of a dual channel analogue to digital convertor
which is designed to have a resolution of 1 part in
65 536 or 0.001 5%.

One channel of this is used to sample the input music
signal whilst the second channel samples the output
signal via a precision attenuator. The digitally encoded
output of the convertors is fed to a computer memory
system for later analysis. Instead of trying to compensate
for the amplifiers phase and frequency response with a
passive circuit (as in the earlier simple nulling circuit) a
frequency sweep is made through the amplifier to
generate a "transfer function" which the computer can
use to correct the data during the subsequent error
analysis.

Once a series of measurements have been made in
the course of playing a passage of music the resultant
data can be subjected to a series of Fourier and
Coherence analytical calculations. Put simply, this
means that any difference between the input and output
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FEATURE : HIFl Amps

0
MUSIC
SOURCE

A -A
FILTER

r16
SIT

A -D
CONVERTER

AMPLIFIER
UNDER
TEST

CLOCK

LOAD

PRECISION
ATTENUATOR

A A
FILTER

COMPUTER MPU

16 BIT
A -U

CONVERTER

DISC
MEMORY

FFT
PROCESSOR

VDU

HARD
COPY

PRINTER

Analog Engineerings Transient ntermodulation Distortion
Measurement System, used in Britain by Mission Electronics.

signals can be described in a form that is useful to the
engineer and related to the structure of the music signal
at that instant. Unfortunately this test show that, as yet,
no perfect amplifier exists - each type of amplifier.
circuit produces its own particular types of "transient
error."

Out of The Rut
A few years ago power -amplifier design had settled
into a satisfying rut. In the U.K., the Quad 303 and the
Cambridge P -Series had achieved very satisfactory
performance figures and they were generally considered
to be good amplifiers. In the U.S.A. the Crown DC300
hac achieved an almost theoretically perfect specifica-
tion and was hailed as "State of the Art."

However, the first crack to appear was caused by new
loudspeaker designs. Some had very demanding
impedance curves which in some cases presented a 2
Ohm load to the amplifier. Such a low value of load
(almost a short circuit to some minds!) operated protec-
tion circuits in many amplifiers, limiting the current to
protect the output transistors.

The operation of these caused a very unpleasant
"clipping" sound in some cases and even strange
"clicks" and "bangs" in other cases. Thus alerted it
became apparent to some designers that conventional
protection circuits were turning partly -on quite
frequently in the course of a piece of music and so giving
a sort of premature clipping action.
Without any doubt the best results are achieved when
the output stage is devoid of any protection AT ALL. The
output stage should be designed to deliver all the current
a load demands without limiting. Consider the repro-
duction of a bass drum. If the amplifier starts to limit the
start of the "thump" the sound pressure will collapse
and the b.ass-drum will appear to have no body and thus
sound unrealistic.
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CONVENTIAL
PROTECTION
CIRCUIT

+Ve

Q3

Q4

-Ve

A study of the circuit of a conventional V -I protection circuit will
show that as the protection transistors turn -on they become a
'non-linear resistor' across the bases of output transistors Q3
and Q4 and as such create unpleasant distortion. One solution
tried by some companies was to slug the bases of Q1 and Q2
with a capacitor to provide a time -delay to prevent the protection
operating except during a sustained short-circuit.

In this protection circuit the FET starts to turn -on when full -
power is delivered into a 2 Ohm load. The main advantage over a
conventional protection circuit is that the limiting is "soft" (i.e.
very gradual) and thus audibly acceptable and secondly that the
distortion is much lower - and still only about 0.1 % at limiting.

The output -stage should ideally be able to sink the full
energy of the power -supply until its regulation causes
the current to limit progressively. So in a good amplifier
design the.output-stage and the power -supply must be
designed as a single item and not as separate circuits.
Several amplifiers are designed like this. The Lecson
AP3 Mk II, the BGW models 500 and 750, and the
Mission Power Amplifier. The Lecson AP3 / 11 can, for
instance, deliver nearly 20 Amps to the load before the
mains fuse blows and the BGW model 750 even more.
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y4DC A FEFDRAC
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"WV
AC FEEDBACK

If the amplifier now has to drive a caparitivp load eg.
'eectrostatic speakers, or complex crossover networks;
another pole is added at the output eg

dB

OPEN
LOOP

CLOSED
LOOP

UNCONDITIONALLY STABLE Hz

Above: Effect of adding an extra pole at the output of an
unconditionally stable amplifier, such as might be added by a
complex crossover network. Below: Same condition applied to
marginally stable type. Phase shift now borders on 180° , i.e.
oscillation.

dB

OPEN
LOOP

CLOSED
LOOP

MARGINALLY STABLE

20

z

Circuit diagram showing a typical circuit
which would prove to be prone to DC
instability when in use. Note that
separate paths exist for AC and DC feed-
back.

fly
O

In the case of the inconditionally stable amplifier the
only ill -effect will be some "ringing" in the closed loop
step response - but in the case of the marginally stable
amplifier it may go completely unstable. The most
popular "belt and braces" solution to this problem is to.
fit a resistor -inductor network at the output to "cancel -
out" the effect of the capacitive loading, thus

0
-10 CP-

L

R
0

RL

ifYi//

Ever wondered what this circuit in the output of an amplifier is
for? Wonder no more - it's to aid the output stage in handling a
capacitive loading by partially cancelling the effect.

It is interesting to note that some marginally stable
amplifiers omit those components as, in the practise,
most speaker cables have sufficient resistance and
inductance. However, some of the new "Super -Cables"
(Litz and Lucas, etc) have a very low resistance and
almost no inductance but some capacitance - and their
use with certain amplifiers has caused instability, with
the amplifier (or speakers) eventually blowing -up!

Ell

Next month Stan Curtis goes on to consider the
effects of phase and bandwidth (amongst other
odd things) upon amplifier performance and asks
what do we want from an amplifier? - The answer
may surprise you all!
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BARREL TYPE X -Y
PLOTTER ASSEMBLY

X -Y PLOTTER
ASSEMBLY

it I.

PAPER TAPE
READER ASSEMBLY

BARREL TYPE X -Y
PLOTTER ASSEMBLY

120V Stepping Motors. Provision for Pen
(Pen NOT supplied). As Picture £55 ea.
Alternative motor for non -reversible require-
ments. Recorder / Printer applications etc
£48 ea. P&P both versions £2.50.

X -Y PLOTTER ASSEMBLY
Due to large purchase we have an assembly
consisting of frame with X & V assemblies
(no pen - but provision provided) Two high
quality STEPPING MOTORS. Bed size
12 x9
Motor options 120V only £39.50 ea. 120V
(can be changed to 12/ 24V), data supplied
£46.50 ea. 12/24V £84 ea. P&P all ver-
sions £2
10% Price Increase on orders after July 14

PAPER TAPE READER
ASSEMBLY

Rigid alloy frame 8 hole High quality
stepping motor Directly driven from 120V
reads 30 char. per sec. Reversible. Can be
DC Stepped faster or slower. Steel paper
guides.
Without Opto-sensor £27.50 ea. With
Optics £45 ea. P&P £2.

STEPPING MOTORS ONLY
Motors as used in plotters etc. All motors
200 steps per revolution 20 oz. inch torque.
120V 1000-0-1000 ohm. Can be changed
with care to 12/24V. Data supplied LB ea.
P&P £1 Supplied for 12/24V operation
£13 ea. P&P £1
Just think about the uses!

NOW -INCREASE AREA GIVEN TO

PICK-A-PACK AT 50p per lb
LARGER VOLUME OF NEW COMPONENTS YOU CAN'T

AFFORD TO MISS

* TRANSISTORS/DIODES/

RECTIFIERS. ETC. *
Guaranteed all full spec devices Manufacturers'
Markings.
At 5p each
BC147; 2N3707; BC1728; BC2518; BC3488;
BC171A/B: BC413; D10; BC182: BAX13.
1N937, BA102BE: BZX83; TIS61: 2N5040.
At 10p each
BFX85: 1N4733A: SN 7451N; BYX10-15KV
0.36A; BYZIO 15p ea. TIP30 - 20p ea. TIP34A
- 50p ea. BD538 - 40p ea. Heavy Duty Bridge
Rectifier - 20p ea. CA3123E - El ea. BDY55 -
£1 ea. 2N3055 - 40p ea: TIP31B 12p ea.
TBA560C0 £2 ea: 1 N4436T-T03 Flat mount 10A
200piv E1 ea 2N5879 with 2N5881 Motorola
150W Comp, pair £2.
8D535: BD538 Comp, pair - 75p.
Linear Amp 709 - 25p ea.
High Speed Voltage Comparator 710 - 15p ea
P&P Extra on all items.
FINNED HEAT SINK - single TO3 - size 43/4in x
3in x 11/4in 50p ea. P&P 75p.
Texas Bridge Rectifier 55805-50V 5A. 60p ea.
P&P 20p.
MOTOROLA POWER TRANSISTORS type
W0993/441.103 Min voltage 500. 20p ea P&P
15p.

BUILD YOUR OWN BUS
Approx 11/2 metre multiway ribbon cable termin-
ated each end with a 50 -way female edge connec-
tor Takes 0.1 printed circuit board E2 ea. P&P
75p.

LOOK AT THESE PRICES
BURROUGHS 9 digit PANAPLEX numeric display. 7 segment
0.25 digits with red bezel. £1.95 ea. P&P 30p.
MINIATURE NIXIE TUBE type ITT 5870ST. Digit size 0.5'
Wire ended. SOp each P&P 20p. 4 for £1.75 P&P 35p
TRANSFORMERS 115V AC input. Secondary 30V and 2.6V
10VA. 50p ea. P&P 50p.
CALCULATOR CHIP. GENERAL INSTRUMENTS type
GIMT4 with Data. £1.60 ea. P&P 20p
21 -WAY SELECTOR SWITCH. Single pole with reset coil
240V AC coils. Additional switch contacts for auto reset etc.
£1.75 each. P&P 75p.
SNAIL BLOWER 110V AC 500 MA. Brand new by Airflow
Developments. Quiet and very good looking. £3.50 ea. P&P £1.
POTTER & BRUMFIELD 18-48V DC Relay. 3 pole c/o. Heavy
Duty. Plug-in type with base 150p ea. P&P 25p.
MINIATURE KEYBOARD. Push contacts. Marked 0-9 and A -F
and 3 user definable keys. El .75 ea. P&P 35p.
MULLARD CORE LA4245 at 15p ea. P&P 10p.
CLARE REED RELAYS 24V DC Coil. Single pole make. Size
Ws x 7/16 x 7/ 16 at 25p ea. P&P 10p.

OSCILLOSCOPE TUBES
Brand New Boxed. - Carriage all tubes £3.25.
Telequipment S52, £10 ea: D51, E15 ea; S42, £10 ea; D53A.
£20 ea: D52. £15 ea: S31. £10 ea: Bradley 200, E85 ea:
Advance 053000, £85 ea; GEC types 924F. £25 ea; 924E,
£17.50 ea; 14968. £75 ea: Brimar 013-51GH, E65 ea:
D10-210GH /32, £40 ea: D13-46GM. £35 ea

NOT BOXED - NEW - WARRANTED. Telefunken D14-131
replacement for Solartron CD I 740. Cossor CDU150, S.E. Labs
SM112 and GEC/ MOV 1474 at E55 ea.

LOOK AT THESE PRICES
ROTRON CENTAUR FANS. Size 4.5 x 4.5 x 1.5 115V 5
blade Ea ea. P&P 75p
Min. PLUG-IN type RELAYS. Plastic covers. 2 -pole c/o 24V.
25p ea. P&P 15p.
CROUZET/MURTEN SCHWEIZ MOTORS. 110V 50HZ 4
rpm. Gear box can be removed. 75p ea. P&P 75p.
FRAMCO MOTORS. 115V 50HZ Input single phase. 1/12th
HP; 1450 rpm: on silent mount. New condition £2.75 ea. P&P
1.11.75.

PYE DYNAMICS THICK FILM 1MHZ Clocking Oscillator. 5V
supply. Size 19 x 25 x 6mm. Drives one TTL load 72p ea. P&P
15p.
COMPRESSOR UNIT. Compact 115V 50HZ single phase
1 5A continuous 1425 rpm. Outside piston housing approx 3
£18 ea. P&P £12.
BROOKE CROMPTON & PARKINSON extractor fan assem-
bly 240V operation.E2.75 ea. Carr £3.25.
MAGNETIC DEVICES. Plug-in RELAYS 240V AC 3 -pole c/o.
Heavy duty 10 amp. Complete with base. Ex brand new
equipment. NOT USED. 3 on sub assembly £2.50 P&P £1 or
£1.25 ea. P&P 45p.
SMALL MAINS TRANSFORMER 240V Pri. 1 2V 100MA sec.
60x40x 42mm 50p ea P&P 75p.
G.I. BRIDGE RECTIFIER type WOl (ideal for above) 17p ea.
FAIRCHILD FNDIO 7 segment display 0.15 Red. Common
cathode 65p ea. P&P 15p.
MULLARD TUNER MODULES - with data.
LP1171 combined AM /FM IF strip 10.7MHZ. E3.50 ea. P&P
50p.
LP1179 FM front end with AM tuning and 87.4MHZ to
104.5MHZ tuning. 10.7MHZ IF. £3.50 ea. P&P 50p
The Pair E5.75 P&P 75p.
POWER UNIT MODULE containing 2 small. 3 med & 1 large
ferrite cores: 3-703 power transistors, caps. resistors, high
powered diodes. 9 transistors, 3 min fuse holders. etc. £1.50 ea.
P&P £1.25.
GENERAL ELECTRIC OPTO-ISOLATORS type H15VX504.
65p ea. P&P 15p. 10 for ES. P&P F.1

TELEPHONES. Post Office style 746 Black or
two-tone £8.50 ea. Modern style 706 Black or
two-tone grey E4.50 ea. P&P El each. Old black
style £1.50 each. P&P £1.
HANDSETS only 706 style £1.75 each. Older
style £1. P&P 75p
TELEPHONE EXCHANGES. Eg 15 -way
automatic exchange only from £95.
* 1000f Feed thru Capacitors 10 for 30p. P&P
15p.
HIVAC Miniature NEONS. App 60V Brand New 10
off 20p. P&P extra.
GRATICULES 12 x I 4cm high quality plastic 15p
ea. P&P 10p
LARGE RANGE OF ELECTROSTATIC VOLT -
METERS. From 0-300V 2 £3, to 20KV max.
General guide 5KV 31/2 E5. Thereafter £1 per KV.
P&P 75p.
DON'T FORGET YOUR MANUALS. S.A.E. with
requirements.

ITT -CREED
Punches and Prints on Yll
paper. Complete with Power
Supply Solid State. Size
15x11 3/4x22 deep £13 ea

TRIPODS WITH PAN
AND TILT HEAD

will take 56Ib load E22.50 ea

EX -MINISTRY
MARCONI 0-6 WATTS

Multi Range. Multi Impedance
POWER METERS E25 ea

MARCONI VALVE
VOLTMETER

TF428B
NOW E12.50 ea

1/2" MAG TAPE
Approx. 2.000 ft. NOW 25p each, P&P £ 1 . Or 5 for £1. carr.
£2.75

FOR THE VDU BUILDER tube M28-13GH 23 x 17cm at £12
Base connections supplied.
Heads for PERTEC 8000/7000 - enquiries.

POWERFUL MINIATURE GERMAN 12V
REVERSIBLE MOTOR. No load current 70MA.
excessive load 400MA. Size 11/2x13 / 16'' dia.
Shaft 5/16 x approx 1/ 16- dia 50p each. P&P
40o

PLESSEY VDU. No keyboard - weird electronics. E60 ea.
TELETYPE KSR33 from E275 each. Polished Wooden Cases to
take normal .OWERTY' KEYBOARDS. or can be carefully cut to
take any size. E3 each. P&P £1.50.
Odd 33RO not cased - can be demonstrated £160 ea.
Limited quantity of 35RO - 20ma loop - can be changed to
ASCII code (3 hours' simple work and El 0 parts) OUR PRICE
EXCLUDING PARTS REQUIRED E70 ea.

A MILLION MUST GO
HIGH NOISE IMMUNITY LOGIC.
DUAL IN LINE 16 -PIN CERAMIC. 12V Rail. Con -
ventional TTL package. Guaranteed full spec
devices. Full data. 2p ea.
MIXED PACKAGE - Et P&P 25p

Es -Ministry Teletype Punches 8 level 110 char per sec. £50 each.
AMPLEX TM7. Nice condition £225.
TELETYPE ASR33 with 20ma loop. Good condition Special
low price E395 ea

Minimum Mail Order £2. Excess postage refunded. Unless stated - please add £3.25 carriage to all units
VALUE ADDED TAX not included in prices - Goods marked with *121/20/0 VAT, otherwise 8%

Official Orders Welcomed. Gov./Educational Depts., Authorities, etc., otherwise Cash with Order.
Open 9 a.m. to 5.30 m. Monday to Saturdayp

,.;...----------,),,.. ja ,tii, ,
An o ,., '6 , em 111: IIVII A STD 'ITt ,

. -- - - ...---- --'
7/9 ARTHUR ROAD, READING, BERKS (near Technical College, King's Road). Tel: Reading 582605
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AUDIO AND BRAND NEW -

TEST EQUIPMENT 'TO
CKS

NO RECONS.

CENTRE
Only regular stocks listed - other makes and models available.

Telephone your order with Access and Barclaycards

iET .1111-2-. /4".:;t..

\
4D10A DM2

LONDON'S TEST GEAR CENTRE SWR

OPEN 6 DAYS A WEEK 9 am -6 pm
SCOPES
C1-90 1 MC, single beam with probes
MS15. 15MHa Bart/mains, portable
456 Scope x 6MH: single beam
4DIOA. Scope x 10MHz Dual beam
4025. Scope x 25MIla Dual Beam
PROBES x 1 x 1012.95.0 109.95x1 7.95 For 456 4010A/4025 and Gould Advanced

DIGITAL MULTIMETERS
D m235 Sinclair portable 31/2 digit 52.90
PDM35 Sinclair Pocket 31/2 digit 29.95
DM2 Sinclair Portable 31/2 digit 48.95

(Mains adaptors 3.95. DM2 carrycase 6.48)
LM3A 3 Digit
LM3.5A 31/2 Digit

Miniature with large LED displays
Recharge Betts and charger 17 ranges

79.50
92.50

LM40A 4 Digit 136.00
LM300 3 -digit Miniature battery operated 17 ranges 79.50
LM350 31/2 -digit ') with LCD displays 10 A /mV resolution 93.60

79.50
280.00
129.50
205.00
310.00

L M 3. 5 A

MULTI -METERS - GENERAL PURPOSE & ELECTRONIC
Multi -Range Instruments featuring AC/DC volts. DC current Resistance Ranges all with mirror scales

except T1/ IT 1.2 / T12/ TM 3A (TM3 AC volts only), some with AC current etc
TM 11 incredible 120 Range Electronic Multi -meter '130.00
TM3B AC Microvoltrneter 3MHz -.4 Megohm 117.50
TM6B Broadband voltmeter 300KHa-400MHa 178.00
3801R 100P /volt 23 Range (plus transistor checker) Large scale 32.50
PROE 20k /volt 26 Range. Large scale 29.95
7061 50k /volt 36 Range Multi -meter 22.50
TmK500 30k /volt 22 Range Multi -meter (plus Continuity Buzzer) 19.95
680R 20k /volt 52 Range Pocket Multi -meter 34.50
7200 20k /volt 22 Range Double Multi -meter 16.95
Micro80 201 i volt 26 Range Pocket Multi -meter 17.90
ITI-2 203 /volt 16 Range Popular Multi -meter 10.95
LT22 20k/volt 19 Range Pocket Multi -meter with carry case 14.50
T12 5k/volt 13 Range Pocket Multi -meter 8.50
TI /LT101 1 k /volt 12 Range Pocket Multi -reeler . 6.95
K200 FET Multi -meter 38 Ranges 3MHa 77.70

GT101, 20K /Volt 23 Ranges/ Transistor Checker / Conitnutty Checker 19.95
AVO Re and a large range of replacement tests leads in stock

GENERAL EQUIPMENT

LP30 30MH: Low Pass Filter
CX3A 1 50watt 3 -way AE Switch
DC25kV 100 Meg CV Probe
9 Valk. CAP Subs Box
FX2000 Mel Marker
LC1 Um,/ Log. Checker
CT1 Continuity Checker
M0063 Signal Injector
TT169 In Orcuit TR Checker 49.95
L81 Transistor /Diode Checker 18.95
3101 Clamp Meter 0/1 K ohm 0/150/300
600 AC Volts 0 /300 Amp 29.50
C3042 SWR & FS Meter 9.95
M8319 2x100 Wad Audio Wan Meter 17.50
'500V Megohrneter 500 Megohms 48.00
'1000V Megolorneter 1000 Megohms 55.00
'21/2 Amp Venable Transformer 18.00
'5 Amp Variable Transformer 29.00
'10 Amp Variable Transformer 40.00
TM12 Multi -range Transistor/Diode checker
Adjustable Volts etc 130.00
100 Range Capacitance Decade 48.60
1 ohm - 11 Meg Resistance Decade 48.80

SVVR50 SWR Power Meter 19.50
TE2OD 500MHr RF Gen 49.50

4.95
7.50

11.95
2.95

11.95
26.00
21 00

7.50

LEVELL RC OSCILLATORS
TG 152 Series RC Oscillators
Sine/ Square output 3Ha-300K Ha

TG152D 69.95
TG152 Dm (with meter) 89.95

TG200 Series RC Oscillators
Stne/ Square output 11-1,1MHz

TG200D . 93.85
TG200 Dm (with meter) 112.50
70200 Dmp (Meter & Fine control) 117.50
TG66A Digital Sine Wave Decade control

0 2H,1 22MHz 249.50

CSC LOGIC PROBES
AND MONITORS

LM1 Monitor
LP1 Probe 10MHz
LP2 Economy 1 5MHz

31.00
33.48
19.44

MICROPHONES, SPEAKERS
AND COMPONENTS

LARGE RANGE IN STOCK

ALL PRICES INCLUDE VAT
Correct at time of preparation

EXPORT AND E & 0 E

QUANTITY DISCOUNTS

4e-1.

0 a 6
 413.-e  f

,e79-3

087 7 0111 68MHz Fleck. Belt.
Freq. counter E140
MAX100 100 MHz 8 digit bell
operated counter E83.75

TM 1 1 TMK500
CALL IN AND SEE FOR YOURSELF

AUDIO ELECTRONICS
301 EDGWARE RD., LONDON W2 1BN

01-724-3564. OPEN 9-6, MON-SAT.

ELECTRONIC COMPONENTS AND EQUIPMENT

TM 3

FRU
CATALOGUE

SEND STAMPED
112.,, UK,

ADDRESSED ENVELOPE
MIN 9', .

FOR YOUR COPY
NOW

TWO NEW SUPER MODULES
170W INTO 4 OR 8 OHMS

By popular demand we have designed higher powered versions of our well known
modules. The CE 1 704 which gives 170W into 4 ohms and the CE 1708 which gives
170W into 8 ohms are physically similar to the original types and have the same

combination of compatible performance features which makes CRIMSON amplification
audibly superior to the competition and the only choice if you have an ear for music. We
have also produced suitable power supplies which again use our superb TOROIDAL
TRANSFORMERS, only 50mm high, with a 120-240 primary and single bolt fixing.

Write or phone for more information and biased opinions.

Hume Europe'
POWER AMPLIFIER MODULES
CE 508 50W/8 ohms 35-0-35V E16.30 E16.60
CE 1004 100W/4 ohms 35-0-35V £19.22 E19.30
CZ 1008 100W/8 ohms 45-0-458 £23.22 £23.00
CE 1704 170W/4 ohms 45-0-456 E29.I2 £28.46
GE 1708 170W/8 Ohms 60-0-608 E31.90 £31.04

TOROIDAL POWER SUPPLIES
CPS I for 2 x CE 608 or 1 I CE 1004 £14.47 £18.40
CPS 2 for 2 x CE 1004 2/4 x CE 608 £16.82 E20.57
CPS 3 for 2 x CE 1008 or I x CE 1704 £17.66 £21.35
CPS 4 for 1 a GE 1108 £15.31 £19.18
CPS 5 for 1 x CE 1708 £22.68 f26.50
CPS 6 for 2 x GE 1704 or 2 x CE 1708 £23.98 027.70

HEATSINKS
Light Duty 50mm 2 C/W EOM £1.30
Medium Power 100mm I.4'G/W £1.60 £2.40
Disco 'Group 150mm 1.1 - C/W £2.30 £3.65

THERMAL CUT-OUTS
Recommended for improved reliability
70 C for use with tree air beatstak EIHO ELM
411 C For use with Ian cooled healsink f 1.60 E1.90

TKO. , Typically< .0I%
any power. IkHz. 8
ohms

T.1.0. insignificant
Slew Rate Limit 258/a S
S/N Ratio 110d0

Freq. Response 10liz-35kHz.
-3d8

Stability . Unconditional

Protection Drives any load
safely

Sensitivity 775mV 1250mV or
100mV on Request'

Size 120 x BO x 25mm

CRIMSON
ELEKTRIK

Please nate our new address and
telephone number. Stamford House.
Stamford Street, Leicester LEI 681.
Telephone 105331531722.

Home prices include V.A.T. and postage. C.O.D. 90p extra, £1 00 li.dnit, Export no
problem. European prices include carriage, insurance and handling, payment in Sterling
by bank draft, P.O., International Gtro or Money Order. Outside Europe, please write for
specific quote by return. Send SAE or two International Reply Coupons for full literature.
Favourable trade quantity price list on request High quality pre -amp circuit 20p

ALMARC & VECTOR GRAPHIC
"Nobody Does It Better"
INTRODUCING THE VECTOR 1 COMPUTER

 S-100 BUS
 HIGH QUALITY

 LOW PRICE

Whatever your application Vector Graphic and Almarc
have the answer. Mainframes, Memory, I/O Boards,
Disk Systems, Processors, and the unmatched High
Resolution Graphics board. Send for our catalogue
today.

OTHER PRODUCTS:
Solid State Music, including 8k Static Ram Board,
£98.95.

ALSO:
Cromenco, North Star, Dynabyte, and, our best product,
"Service".

Write for details to
ALMARC DATA SYSTEMS LTD.

24 CHESTERFIELD DRIVE
BURTON JOYCE, NOTTINGHAM

TEL. 0602 248565
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PROJECT

LCD DIGITAL
MULTIMETER

A Digital Multimeter is, in our opinion, a
workshop and A. S. Webb BSc, of Watford
meter that can be built for less than half the

PSST! - WANT A DMM that has
five DC and five AC ranges of both
voltage and current as well as six
resistance and four capacitance
ranges at a price that is far less than
any equivalent commercial unit?
You'll have to build it yourself of
course-but then that's half the fun
and if you follow the construction
information exactly and make use of
the calibration service we have
arranged, your meter should perform
accurately and reliably for many
years.

The basis of the DMM is the
Intersil 7106 digital panel meter IC
(featured in October/ March '77)
which has excellent linearity and
auto zero facilities and directly drives
the 31/2 digit Liquid Crystal Display.
The low current consumption of this
device enables the unit to be battery
powered and hence completely
floating from the circuit under test.

This project is aimed at the more
experienced constructor due to the
fairly high component density and
reasonably intricate switch wiring,
and should not be attempted unless a
soldering iron bit of less than Vain
and small pliers and cutters are
available.

Handling Of Components

The usual precautions must be
observed when handling the MOS
devices used in this project, but it
may not be realised that other
components are liable to damage
through mal-treatment. The 1%
precision resistors should be handled
with respect, their wires bent with
pliers and soldered in as quickly as
possible, since excessive heat may
permanently alter their resistance
values and the switch wafers should
be handled with care prior to

must in any well equipped electronics
Electronics, has designed just such a
cost of an equivalent commercial unit.

D M 900
DIGITAL FAULT METER

of IF
;

pArrtA mAinA
tiatt

1 it), 0.
DC AC DC AC 0 k0 kt1 100 niI0

I
C

2002 20 2002 20urrent Volts

Capacitance

Read

ON

WATFORD ELECTRONICS
INPUT

2 A HIGH LOW

Fig. 1. View of the final unit. Note, in order to ensure that the input sockets do not
foul the PCB yet allow the probes to be inserted, the sockets should be mounted
10mm from the bottom of the case.

SPECIFICATION
Input Impedance
Display
DC & AC volts

DC & AC current

Resistance

Capacitance

Accuracy
Overrange Indication
Polarity Indication
Autozero
Display Test
Input Protection
Power Consumption

10M
3 1/2 digit LCD
200 mV to 1 000 V
in 5 ranges, resolution
to 0.1 mV
200 uA to 2 A in
5 ranges, resolution to
0.1 uA. Max. voltage drop
200 mV. R MS reading on
sine waves only.
200R to 20M in
6 ranges, resolution
to OR1.
2n0 to 2u0 in
4 ranges, resolution
to 10p
1% ± 1 digit (on prototype)
1 in MSD, other digits blank

5mA average, single
9 V supply
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DISPLAY DRIVES
The segments of the LCD display are
directly driven by the ICL7106 (pins 2-19
and 22-25) in conjunction with pin 21 (back -
plane drive). Liquid Crystal Displays will
become damaged if a DC voltage is con-
tinuously applied to them and must be driven
with an AC signal. To turn on a segment a
wave form of equal amplitude but 180 de-
grees out of phase with the square wave
backplane drive must be applied to that
segment.

The 7106 generates the appropriate seg-
ment drives for all digits internally, but the
drive signals for the decimal points and
polarity indication segments are generated
by external circuitry.

The decimal point drives are provided by
the components around IC2C,D and IC3D.
These are two input exclusive OR gates
driven by the backplane square wave and by
voltages from the range switch.

Consideration of the truth table of an
exclusive OR gate will show that with the
backplane square wave applied to one input
we can produce an output from the gate that
is the inverse of this signal (segment on) by
taking the other input to the gate high.

SW2D activates the appropriate decimal
point.

Polarity indication is provided by the
circuitry around IC3A,B and C.

The signal at pin 20 of IC1 can be used to
drive the minus segment directly, that is its
output is a square wave out of phase with the
backplane drive when a negative signal is
applied to the 7106, in phase when the input is
positive.

However, in this circuit we provide a +
sign for positive inputs (formed from - and-:
segments) and a - sign for negative inputs. As
the output from pin 20 drives the colon it is,
usually, necessary to invert it in IC3B.

Outputs from the AC and capacitance
stages are negative and in this case IC3D
takes care of blanking the polarity display.

The resistance range is arranged to show
only the colon.

The control inputs of the decimal point
gates and the wiper of SWIG are connected
to IC1 pin 37. This pin is normally held at a
voltage 5V below V+. By taking this pin to
+V supply all segments of the display will be
"turned on". This display test, enabled by
shorting the two pins on the PCB, should
only be activated for a few seconds as pro-
longed operation will drastically reduce
display life.

A stable source of reference voltage is
required at many points in the DMM circuit.
The 7106 provides just such a voltage, PIN 32
(common) being maintained at a voltage 2.8
V below the positive rail.

This reference voltage, as well as being
used elsewhere in the circuit, provides the
basic reference voltage for the 7106's input
circuitry. The 7106 is calibrated to a 200mV
full scale - to accomplish this 100mV
potential difference must be set up between
Ref Hi and Ref Lo (pins 36 and 35 respec-
tively).
This voltage is derived from the potential
divider formed by RV1 and R26.
C9 and R27 set up the 7016's internal

oscillator frequency while C7, 8 and R25 are
concerned with the auto zero and polarity
circuits.

Having dealt with the components in-
timately associated with IC1 we now move
on to deal with the rest of the DMM circuit.
DC Voltage & Current Ranges.
SW1 is the function switch and when set to
DC volts, the five DC voltage ranges are

HOW IT WORKS
selected by SW2B, which is connected to the
input alternator. The input resistance is
always more than 10M, and exact division is
achieved by using precision 1% resistors
throughout the chain. The voltage selected
by the wiper is fed via SW1F and a 1M
resistor to pin 31. This resistor and a capaci-
tor to ground serve to filter any noise, and
also to limit the current fed into the input
should an overload voltage be applied. With
SW1 set to DC current ranges, the input
current is passed through one of the five
current measuring resistors. The maximum
voltage across one of these is 200 mV at full
scale. The 2 A range is connected by a third
socket on the front of the case, since a few
milli ohms of switch contact resistance
would produce a significant error. The unit is
protected from excessive currents by a 2 A
fuse in the common line.
AC Voltage + Current Ranges
On AC voltage ranges, a iOn capaci-
tor is switched in series with the input
line to remove any DC component present.
The signal is fed through the attenuator as
before and then via SW1E to the AC conver-
tor. SimilarlyAC currents are fed via SW1E
to the AC convertor. This is a precision
rectifier IC4 using a TL081 J-FET input op
amp, so that there are no problems with input
bias current. The gain of the circuit is set by
RV2 and the negative component sampled by
the 10M resistor and filtered by 100n capaci-
tor C4. The resulting voltage may be RV2 to
be equal to the RMS value of a sine wave to
the input of the DMM, and is then fed via
SW1F to ICI.
Resistance Ranges
A simplified circuit is shown here, the op amp
IC6 is another TL08/ and will try to maintain
the voltage at its input at common voltage.

R range

\het

COM

Vout

Hence the output voltage must be:
V out = R Test' . V Ref'

R Range -
and is proportional to the resistor being
measured (R Test' ).

V Refl is derived from a potential divider
between +Ve and common, and is set by
RV3. IC5 is a voltage follower, and is fed via
SW1D to the bottom of the resistor chain in
the attenuator. SW2A selects the range in
reverse order to the voltage ranges, and its
wiper is connected to the input socket by
SW1A and to the input of IC6 by SW1C and
another R -C network for filtering and
protection. The output of IC6 is boosted by
an emitter follower Q1, since the current
on the 200 ohms range is quite high, and then
fed to the other end of R Test' via SW1B. The
offset voltage of the op -amp is zeroed by
RV4, but a small offset from zero exists on
the 200 ohm range because of the switch
contact and the fuse resistances. The
voltage output proportional to R Test is
attenuated by about ten times and fed to IC1
via SW1F.

BATTERY TEST
The unused position of SW2 on the DC
voltage range is fed from a potential divider
between common and the battery negative
(OV) rail so a voltage governed by, though
not proportional to the battery voltage is fed
to IC1. The resistor values are arranged to

give a reading of 10.00 when the battery
voltage has dropped to 7 volts, but at other
voltages the readings are meaningless due to
the 2.8V reference voltage.
Capacitance Ranges
Using a simplified circuit, if V Ref' is
joined to V Out' , then V Out' will equal the
common voltage since the op -amp is acting
purely as a voltage follower. Hence C test is

fully discharged. If V ref' is now suddenly
taken to a 'positive voltage, the output will
begin to ramp negative at a rate determined
by R Range' and C Test' , and for a given R
Range' the time taken to reach a given
negative voltage is determined by and is
proportional to C Test' . In practice, a quad
J-FET op amp type TL084 is used for IC9. The
first stage IC9A is the integrator just de-
scribed and in the rest state with Q2 off , the
output and input are joined by the range
resistor selected by SW2E. IC7 is a hex C
MOS invertor which produces the timing
control signals. IC7A and B form a monost-
able, triggered by pressing the READ button
SW4. Having connected C Test but before
pressing SW4, the op -amp will have dis-
charged C Test' as above. IC8 is a CMOS
analogue switch type 4016, which in the rest
state has both stages OFF. IC9D is another
integrator which due to the very high input
impedence of the TL084 and low leakages of
the 4016 will hold any voltage on C17 for
many seconds. When the button is pressed,
the output of IC7B goes low, unaffecting IC7
D and E but making the output of IC7C go
high, thus turning on IC8B shorting the
capacitor and making the op amp output
equal to common voltage. At the end of the
monostable period, C17 will be fully dis-
charged and IC7B output goes high, in turn
turning off IC8B. Simultaneously IC7D and E
are triggered by the positive edge and IC7D
output goes low, turning on Q2 and hence
connecting the range resistor to the positive
rail, causing IC9A output to start ramping
negative. IC7E drives IC7F output high, and
causes IC9B output (which was previously at
the +Ve rail) to go negative from the com-
mon rail an amount determined by the two
resistors R45 and R46. This voltage is an
exact multiplication of the common to +Ve
voltage, and is fed to the inverting input of
IC9C, a comparator. Since the non -inverting
input is fed from IC9A output which is still
ramping negative, the output of IC9C
switches positive, turning IC8A on and hence
connecting the input of IC9D to the + Ve rail
via a resistance. Hence IC9D output will also
start to ramp negative. Remember this has all
happened within microseconds of the end of
the monostable period.

After a while, IC9A output will go more
negative than IC8A and isolates the input of
IC9D completely. The voltage on IC9D out-
put is proportional to the value of C Test, and
will only be discharged by leakage. This
voltage is fed via an attenuator to SW1F and
then to IC1. Since IC9 is a quad op amp, no
provision is made for offset nulling, so a
negative current is fed into the attenuator to
counteract any offset. Calibration is achieved
by adjusting the current fed into IC9D input
during the measuring period by RV5.
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PROJECT : LCD Multimeter
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Watford Electronics, 33 Cardiff Road,
Watford, can supply a complete kit of
parts for this project. The kit, which
includes predrilled case and punched
and screened front panel, will be sold
at a special introductory price of
£49.95 plus 8% VAT and £1 p&p and
ins. Test Leads are available for an
additional £1.50.

Watford are also to offer a calibra-
tion service. This service will apply to
working units only and will cost
£5.75 all inc.

V
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Fig. 2. Full circuit diagram of the DM M excluding the capacit-
ance measuring circuitry. R1 and FS1 are not mounted on the
main PCB. Note that although a protection network is incorpo-
rated, it is wise to ensure that a high range is selected before the
meter is applied to the circuit under test.

Fig. 3. Below, left and right, circuit diagrams of the capacitance
section, a patent has been applied for in respect of this design.
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COM

IC7C
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assembly and the wipers only rotated
to position 1 if necessary since it is
possible to bend fixed contacts
without noticing, the damage not
being discovered until testing of the
DMM takes place. To replace a
damaged wafer after assembly is
complete is an extremely difficult
operation.

The most delicate part by far is the
display itself. This should be
examined carefully for defects in the
glass and then kept in its cardboard
wrapper until ready for use. It must
be pressed into its socket with
extreme care, and easing the
soldercon pins with a piece of tinned
copper wire before insertion is
recommended.

Note the LCD display should not
be subject to temperatures greater
than about 60' C and should not be
exposed to strong sunlight for any
period of time.

Construction

If it is hoped that a DMM will
result with a similar specification to
the prototype, the parts list must be
followed closely, as must these
instructions. The use of a double
sided board makes construction a
less onerous task than would have
been the case with a single sided
design. However, to avoid the
considerable expense of plated
through holes connections from one
side of the board to the other are
made with copper wire or, better still,
with pins designed for this purpose.

The resistors should be fitted to
the PCB first, noting that there are
three types specified, carbon film for
non critical applications, metal oxide
for long term stability and the 1%
components. Interchanging of these
would cause loss of accuracy. The
capacitors and transistors may be
fitted next, together with the pots
and IC sockets. The use of these is
strongly recommended. Do not fit the
soldercon pins for the display yet,
since subsequent handling of the
PCB will almost certainly cause
damage to them. Fit the vero pins,
noting that the two for the
capacitance socket wiring are
inserted from the opposite side of the
board.

The switches may now be
prepared. The knob shafts should be
cut down to 9mm in length, and then
turned fully anti -clockwise to the end]
stop (viewed from the front). Next the
nut and washer are removed and the
ring to fix the number of positions set
to the six hole. Rotate the shaft five

26

SW2 D

TO Al
IOFF BOARD)

Fig. 4. Diagram showing the interconnec-
tions between the wafers of SW1 and 2.

positions clockwise to check that
there are only six positions in all,
then rotate back to the original
position and replace the nut and
crinkle washer. Repeat with the other
switch assembly.

Prior to removing the studding
carefully pull out the wafer drive
shaft and cut to a length of 30mm,
remove any burrs and reinsert. Next
unscrew the 8BA nuts from the four
lengths of studding, and cut these to
a length of 37mm each. Fit a nut to

INPUT
HIGH

I -

--

T

INPUT
A COMmON

SW1A

SVVIC

SWIM

SVV1E

K (COM)

one end of each piece of studding,
putting the remaining washers and
nuts aside for use later. Beware-the
centre of the assembly will push out
very easily in this state causing a loss
of springs, balls and temper.

Place the switch operating
mechanism on the non component
side of the PCB with the number '2'
on the casting nearest to the display
location and pass two studs through,
the switch and PCB. It is possible to
fit the wafers in any of four positions,
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PROJECT : LCD Multimeter
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Fig. 5. Component overlay for the DM M circuit board, points marked  are through board links and points marked * are terminal
pins. Only one side of the pattern is shown for clarity.

RESISTORS (' 1% Hi -stab, t
2%, other 1/8W 5%)

R1
'R2, 40
'R3, 41
'R4 42
'R5, 43
'R6,9
"R7
R8
R10
'R11
R12
R13 19, 24, 28

29, 30 31, 32
R14, 37
R15
tR16,18 2147,49
R17 36,39 50
I -R20,48
R22
R23
fR25
tR26
827,34,44,46
R33

1/4W MO

OR1
10M
1 MO
100k
10k
1k0
110R
180
100R
1OR
1R0

IMO
10M
10k
10k
4M7
100k
1k0
39k
47k
24k
100k
2k2

PARTS LIST
R35
R38,51
R45
POTENTIOMETERS
multi turn 3/4in cermet
RV1
RV2,3,5
min. vert.
RV4
RV6

CAPACITORS
C1
C2,4,6,10
12,14,15,16

C3,1 1
C5

C7

C8

C9
C13
C17

170k
47k
150k

1k0
10k

10k
100k

10n 2kV disc ceramic

100n 100 V polycarb-
onate
1 Ou 1 6V electrolytic
1 On 100 V polycarbon-
ate
220n 100 V polycarb-
onate
470n 100 V polycarb-
onate
100p polystyrene
1 n0 polystyrene
1 u0 100 V polycarbon-
ate

SEMICONDUCTORS
IC1
IC2,3
IC4,6
IC5
IC7
IC8
IC9
Q1 2

D1 2,3

SWITCHES
SW1
SW2
SW3
SW4

ICL7106
CD4070B
TL081
741
CD406913
CD4016B
TL084
BC214L
1N914

8 pole 6 way
5 pole 6 way
miniature toggle
push button

MISCELLANEOUS
31/2 Digit LCD display, PCB, IC sockets, 2A
20mm fuse plus chassis mounting holder,
battery connector, case (type NJSF 1), display
filter, 4mm sockets, knobs, wire, 50 link pins
12 connecting pins, handle, screened cable.

only one of which is correct. Place
the wafers on the bench with the
visible wiper contact away from you,
ensure the wiper tongue on the
centre ring is to the left and that the
flats in the centre hole lie parallel to a
line joining the fixing holes. Hold the
PCB component side uppermost
while supporting the switch and
studs and with IC1 to the right, slide
the wafer over the studs and drive

shaft. SW2 (the left hand switch) has
three wafers and SW1 has four
wafers. Fig. 7 will clarify this. With
the wafers in position, the fibre
washers and nuts may be fitted and
tightened. The switches should now
be tested with an ohmeter before
proceeding to ensure no damage has
been done during assembly.

The switches are now wired, using
tinned copper wire and silicone

rubber sleeving, since using PVC
insulated wire would promote the
possibility of melting due to the close
proximity of the switch contacts, and
with up to 1 KV around this is highly
undesirable. An exploded view of the
switch wiring is shown in Fig. 4,
and this should be studied very
closely.

The switches should be wired
starting at the wafers nearest the PCB
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and working upwards. The end of the
tinned copper wire should be
soldered to the first tab, a length of
silicone rubber sleeving cut to the
exact distance between the tags to be
joined and slid over the wire, and
finally the other end soldered. The
signal input to IC1 is brought from
the switch by a screened lead, with
the braid soldered to the 'common'
pin adjacent to the relevant switch
tag, and cut off and sleeved at the
other end.

As stated above tracks on opposite
sides of the board are joined by
tinned copper wire or special pins
which are inserted and then broken
off short before soldering. The holes
next to the display socket must be
joined before the soldercon pins are
fitted, since soldering close to them
on the wrong side of thePCB can
cause wicking of solder into the
socket making it unusable. Having
fitted these, the display socket pins
may be fitted in the normal manner.

Having checked the board for
assembly and wiring errors, the IC's
may be inserted, being especially
careful with IC1 which requires quite
a high insertion force. Finally poke a
piece of 20 SWG wire into each pin
of the display socket to ease them
and then fit the display. There is
normally no indication of which pin is
number 1, but by holding it at an
angle to the light and looking for an
outline of the digits, the correct way
up may be found.

The unit is now ready for testing.

Testing and calibration
Connect up a 9 V battery and select
the DC voltage range with 20V FSD.
The current consumption should be
about 5mA, and the display should
read 0.00, with the plus and minus
signs alternating. Check the voltage
between the common and positive
rails. which should be 2.8V± 0.4. No
measurements should be attempted
with the DMM until calibration is
complete as these will be
meaningless. The accuracy of the
whole instrument depends upon the
setting of RV1 so this must be set
first. It may be adjusted by
comparison with a meter of known
accuracy or by using a Weston
standard cell (1.0186 volts), and it is
likely that advertisers will be offering
a calibration service. Which ever.
method is chosen, two wires are
attached to SW1A and B wipers,
positive and negative respectively
and connected to the test circuit.
Seledt the correct DC range and
adjust RV1 until the correct reading

28

Fig. 6. Above, view of completed circuit, and Fig. 7 below, view
of wiring around the range switches.

is obtained. If 1% resistors have
been used where specified, changing
to the next range should give a
reading of exactly one tenth, and
the next one hundredth, allowing for
the plus or minus one digit accuracy.
Calibration should ideally be done on
the 200 mV range since this does not
involve the attenuator, but this is not

normally very easy. As many ranges
as possible should be checked to
ensure overall accuracy. The DC
current ranges may be checked also,
and should agree to a high accuracy
- but remember the 2A range
resistor is not yet connected.

The AC voltage ranges may also
be calibrated by a comparison
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PROJECT : LCD Multimeter
method, preferably starting with a
low voltage transformer or a signal
generator. The frequency response
should be good over the audio
spectrum, but this has not been
measured accurately. As before, the
potentiometer, RV2 this time, is
adjusted until the desired reading is
obtained. When switching down
ranges, the response will probably
fall off at reading of 10 or so due to
the rectifier, so the instrument should
not be used at such low readings.
The mains voltage may be checked
with care, and mind fingers on the
switches. There should be no polarity
indication on AC ranges, but the
colon may occasionally flash with no
input since the minus sign is
blanked.

The ohms ranges should be
calibrated with a standard 1%
resistor, and possibly those in the
capacitance circuit may be left out for
this purpose. First switch to the 20k
range, when the colon to
indicate resistance range will be seen
and only the left hand 1 and decimal
point to indicate overrange, i.e.
infinite resistance. This overrange is
the same on all ranges incidentally.
Shorting the input leads together
should give a low reading which may
be reduced to 0.00 by adjusting
RV4. Now insert the 10K-1 %
resistor and adjust VR3 to read
10.00, switching ranges should read
1.00 and .10. Check with the other
resistors that calibration is correct.
On the 200R range a small offset
from zero will be observed, this being
due to the switch wiring and
contacts, and should not exceed
0.5R it should be taken into account
when measuring low resistances
however.

In order to calibrate the
capacitance range, it is essential to
have an accurate capacitor of value
between 1n and 1 On. This will
probably be a polystyrene or silvered
mica type. Switch to the 2n
capacitance range and short the two
read button pins. The reading should
be unstable for a second or two and
then settle to a low reading. Now
connect the test capacitor across the
two pins for the capacitance test
sockets. Shorting the read pins
should now give a much higher
reading and by adjusting RV5 and
again shorting the pins the reading
should be adjusted to the value of the
capacitor under test. (If it is more
than 2n, obviously the 10n range
will be used). Now switch up a range
and short the pins when a reading of
one tenth of the previous one should
be achieved by adjusting RV6 and a

reading of one hundredth on the next
range.

Re -check the setting of RV5 which
may have altered slightly and then
re -check RV6. This has set the
capacitance ranges for best linearity,
but due to stray capacitance,
significant on the lowest range, an
offset reading of three or four will be
shown without a test capacitor. This
is purely an offset, and capacitance
readings down to 10pF or so can be
made ignoring this offset.

All ranges should be checked as
rigorously as possible to catch any
faults before the unit is used in
earnest. The battery condition may
be checked by switching to DC volts
and the fully clockwise position of
SW1. The resistor network has been
arranged to give a reading of 10.00
at 7 volts, below which the
instrument will malfunction and the
battery should be replaced.

Final assembly
To protect the display, a piece of
clear perspex or Darvic approx. 65 x
40mm and no more than 1.5 mm
thick is required. This is stuck to the
reverse side of the front panel with
Evostick or similar adhesive. Mount
the push button with its pins
orientated to line up with the holes in
the PCB. Similarly mount the on -off
switch with only a single lockwasher
behind the panel. Fit the two
capacitance terminals and line up the
solder tags with the vero pins on the
reverse of the PCB. Offer the board
up to the front panel and with only a
lockwasher on each rotary switch,
the panel and board should be
parallel to each other, with the
display just clear of the Perspex and
central in the window. Now fit the
switch nuts and knobs, and wire the
toggle and push switches and
capacitance terminals to their
respective pins. Solder the battery
connector leads to the pins adjacent
to the on off switch, and three wires
to the wipers of SW1A and B and the
2 amp position of SW2C. Mount the
three 4mm sockets in the front of the
box and connect the OR 1 ohm
resistor and fuse holder as shown on
the diagram, then finally connect the
wires from SW1 and 2. The battery
may be held in position with a simple
aluminium bracket. It is also possible
to adapt certain types of battery
holder to take six batteries of the H P 7
size. Finally screw in the front panel
and your digital multimeter is ready
for use. Make up a couple of leads
using very flexible wire and use
probes which will stand the voltages
and currents to be measured. En

SAVE Efts WITH
THE MONITEL

Telephone call charge calculator and clock.
See separate advertisement.

FREESpare battery /s with Casio (on request)

CASIO MQ-5

Clock/Calendar plus
Two Alarms, Alarm
Timer, Time Memory
and Calculator.
24 -hour Alarm and
Timer (with count-
down). Time and Date
calculations. LCD dis-
play. Around 18
months' battery life. ±
15 seconds/month
accuracy

Superb case. hinged cover.
1/2 x21/4 x31/2 2.6oz.

CASIO MO -2. As MQ-5
but %z 4%x 11/4
CASIO LC78 MINI
CARD (illustrated). LCD. 1000 hrs.
batteries. Vs s 31/2 z 21/2

£39.95
£34.95

£16.95

FX-48 SCIENTIFIC
MINI CARD

Similar to LC78 but
also have scientific

miludolleal functions.
0 211 ° ° es Available July/Aug.

  Ea al Ei is I £24.95

CASIO QUALITY AND VALUE

314111-17B (left) RRP £35 95 £29.95
Stopwatch. Dual Time Zone 8 4mm thick

310311-16B (right) RRP £44 95 £34.95
Stopwatch Dual Time Zone 7 45mm thick

dwrIA010;;..

31QS-126 (left) RRP E49 95E39.96
Stopwatch Dual Time Zone 7 7mm thick

38CS-14B (right) RRP £64 96E49.95
Chronograph Normal, net, lap and lst-2nd place
times to 1 100 second 7 9mm thick
Also CASIO Sports. Alarm, World Time and Ultra -Slim
models. LADIES' WATCHES
SEIKO Calculator Watch (C165) £135
CITIZEN Multi Alarm (£1351 £108
CASIO CALCULATORS
ST 1 Four-way stopwatch (24.95.LCD LC822
£10.95. LC78 £16.95. AQ-1000 Clock, Alarm, Stop-
watch £19.95.
CASIO SCIENTIFICS
Digitron FX-31 £11 95 FX-39 £15.95. FX-140
£17.95. FX-120 £19.95. FX-360 £49.95. LCD:
DX -2200 £19.95. FX-3000 £25.95.
NEWII FX-8000 Available July/August. Scientific
similar to FX-3000 plus 1,100 second stopwatch. 5
different timers, etc £29.95.
Send 25p for our illustrated catalogue Prices include
VAT and P&P. Send your cheque, PO or phone your
credit card no to

Dept. E.T.I.

TEMPUS 19/21 Fitt." Mr.'"
Carnbridge C81 1EH
Telephone (0223) 312866
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4" Oscilloscope

SPECIFICATIONS

ETI MAR

£99

ELECTRICAL DATA
VERTICAL AXIS (Y)
Deflection Sensitivity
Bandwidth (between 3 dB points)
Input Attenuator - (calibrated)

- 100m V /division
- DC - 5MHz
- 9 step 0.1, 0.2, 0.5, 1, 2. 5.
10, 20, 50V /div

SYNCHRONIZATION
Selection
Synchronization Level

POWER SUPPLY

- Internal, external
- Continues from positive to
negative

Input Impedance - 1 Meg /40 pf in shunt Input voltage - 115/220V AC t 10% at 50
Input Voltage - Max - 600V P.P 60Hz

Power Dissipation = 18W
HORIZONTAL AXIS (X)
Deflection Sensitivity - 0-400mV /division CRT DATA - 4in. - flat face, single beam
Bandwidth (between 3 dB points) - 1 Hz-350KHz - Maximum high voltage
Gain Control - Continuous; when time base in 1.5kV

EXT position - Fitted with 8x10 division blue
Input Impedance - 1Meg filter graticule

Input Voltage - Max - 600V p.p
PHYSICAL DATA

TIME BASE Dimensions - 14cm (h) x 20 5cm (w) x 28cm
Sweep Range (calibrated) - 100msec/div to lusec/div in 5 (d)

steps Weight - 4.3Kg (approx)
FINE Control - Variable between steps - in- Stand - 2 position flat and inclined

cludes time -base calibration posi- Case - Steel, epoxy enamelled
tion Front Panel - Aluminium, enamelled epoxy

Blanking - Internal - on all ranges pr nting

To:

Oscilloscope Offer
ETI Magazine
25-27 Oxford Street
London W1R 1RF

Please find enclosed my cheque for E109.00 (including VAT and
carriage) made payable to ETI Magazine for my 4in. oscilloscope.

Name

Address

Please allow 14 days for delivery.

1
In our recent survey, 25% of readers
requested an oscilloscope offer or
project. Well, here it is - a full
specification 4in. 'scope for under
£100!

An example of this oscilloscope cart be seen
and examined in our reception at our Oxford
Street offices.

30
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KET PLACE
Digital Alarm

Size: 105mm wide 115mm deep x 55 mm high.

OUR PREVIOUS digital alarm clock offer (which we have run
for several years) was a real success - over 10% of ETI readers
own these We have been searching around for one of even
better value and have come up with a winner - with an equally
good spec and at a much reduced price; the Unik Time Digital
Alarm.

This clock features a large, bright LED display in a really
stylish case. It's really easy to set lift up the hinged panel on the
top and all the controls are there including fast and slow setting
buttons. The hinged panel, when down, acts as the snooze
switch - easily found by that early morning groping hand to
give you 9 minutes extra in bed.

Mains operation only (240V/ 50Hz) with a 12 hour display.
-AM /PM- and -Alarm set- indicators are on the front while an
internal switch enables you to display the last significant minute
and seconds if you wish.

2
Q
Q

Q

lfl

£13.95
(Inclusive of VAT and Postage)

An example of this clock can be seen and
examined in our reception at our Oxford Street
offices.

To:

Unik Time Offer
ETI Magazine
25-27 Oxford Street
London W1R 1RF

Please find enclosed my cheque PO for £8.95 (payable to
ETI Magazine) for a Unik Time Digital Alarm Clock.

Name

Adress

Please allow 14 days for delivery

LCD
Watch

11111110

The enormous numbers involved in ETI offers has
enabled us to arrange a real bargain - a full spec LCD
watch with adjustable metal bracelet for under half the
going rate.

This watch gives continuous display of hours and
minutes press the button once and you'll get the date
(American style). After a couple of seconds the display
automatically reverts to time but if you press again you'll
get a continuous seconds display.

Press another button and you get a back light,
enabling you to see the display in the dark. Setting, or
resetting is simplicity itself and a 'hold' facility allows
you to set the watch spot on. The accuracy is mag-
nificent, as with all the current range of digital watches
and battery life is well in excess of a year.

e9-95
(Inclusive of VAT and Postage)

An example of this watch can be seen and
examined in our reception at our Oxford Street
offices.

To:

LCD Watch Offer
ETI Magazine
25-27 Oxford Street
London W1R 1RF

Please find enclosed my cheque/PO for f9.95 (made payable to
ETI Magazine) for my LCD Digital Watch.

Name

Address

Please allow 14 days for delivery

-J

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978 31



.
SINCLAIR PRODUCTS'
Microvision TV now in stock 3200. PDM35 digital

BATTERY ELIMINATOR
BARGAINS

multimeter E25.95, mains adaptor 33.24, deluxe 71./ games power unit stabilized 7 7V 100ma
padded case E3.25. new DM235 digital mule £3.f0 3 -way rnonsla with switched output snd
Printer PALA.. Cambridge programmable calcu-
lator E13.15, prog. library 32.45, mains adaptor

4 -way multilack 3 / 41/2 / 6V 100ma 32.92,
6/71/2/ 9V 300ma E3.30, 100ma radio models

£3.20.

S-DECS AND T-DECS'
S-DeC E3.311. T-DeC E4.44, 0 -DeCA E4.52.

same size as a PP9 battery with press stud
connectors 9V E2.55, 6V E2.55, 41/2V E2.55,
9V+9V E4.50, 6V+6V E4.50. 41/2V+ 41/2V
E4.50. cassette recorder ..tins unit 71/2V

p -DeC8 1E5.73, 16 dil or 10705 adaptors with 100ma with 5 pin din plug 32.155, tar consorters
sockets E2.14. 12V dc input. output 9V 300ma E1.150, output

CONTINENTAL SPECIALITIES
71/29 300ma E1.50.

PRODUCTS'
EXP300 36.21. 00350 E3.40. EXP600 CIAO. BATTERY ELIMINATOR KITS
EXP650 33.1111. EXP48 32.43. PB6 £8.54. Send sae for free leaflet on range 100ma radio

PB100 E12.74. LM1 E30.99. LP1 E33.411. LP2 type. with press and stud connectors 41/2V

E111.44.
E1.50, 6V E1.50, 9V E1.110. 41/2 .-4'1V E2.50,
6 +6V E2.50, 9+9V 32.50, cameos type 71/2V

TV GAMES 100ma with din plug E1.50,1reary-duor 13 way

Send s a e for free data. New racing car Iv games
typee41/2/6/7/81/2/11/13/14 17/21/25/

chip AY -3-8603 plus economy kit E20.613, Tank
bane chip AY -3-8710 plus economy kit E17.95,
stunt motorcycle chip AY -3-8760.1 plus economy

28/34/42V 1 Amp E4.66, 2 Amp E7.25,
Stymy type. for low humlnmeistor stebilised

3/41/2/6/7Yr/9/12/15/18V 100ma£3.20L 1

lot E17.95. 10 game paddle 2 chip AT -3.8600 Amp E11.40. Variable voltege stabilised models
2-18V 100ma E3.50. 2-30V 1A E9.95. 2-30Vplus economy kit E14.70, AY -3.8500 chip plus

economy kit E5.55. modified shoot kit E4.54, rifle 2A 314.95.
kit £4.95, colour generator kit E7.50. Attractively

Cr comforter. 12V de input. output 9V 300ma

cased assembled to games 4 genre models
(tennis, football, squash and pelota) black and
white 311.95. Colour 314.50. Deluxe 6 game
colour model with pistol attachment 321.95. TV

E1.50, output 71/2V 300ma 31.50.

BI-PAK AUDIO MODULES
games mains adaptors £3.10.

Send s a e for data S450 tuner 323.51. ALSO
MSS. PA100 E16.71. SPM80 E4.47. BM780

MAINS TRANSFORMERS
115.95541(60 133.74. Stereo 30 E20.12.

6-0.6V 100ma 79p, 1 'ha £2.38. 6.3V 11/2a
£1.55, 9-0-9V 75ma 74, la 31.119, 2a E2.60, BULK BUY OFFERS
12-0-12V 50ma 79p, 100ma 90p, la E2.45,
13V 1/2a 95p, 15.0.15V le E2.79, 30-0-30V la

secMinimum purchase £10 any mix from this sectionM

E3.59.
154148 1.3p. 154002 3.6p. BC212 Sp. 741
Bdil 15p. NE555 8dil 29p. 723 1441143p. Dan

JC1 2, JC20 AND pens 59p. AC76023N exact equiv of SN76023N

JC40 AMPLIFIERS
A range of integrated circuit audio amplifiers

with improved heat sink 79p. Plastic equivs of
popular transistors BC108 3.4 BC109 4.4p.

supplied with free data and printed circuits JC12
BCY71 4.4, BCV72 4.49, 253055 Sp. Fuses

3. 5Amp
6 watts E1.60. JC20 10 watts E2.95. JC40 20

20mm x 5rnm cartridge 25, 5. 1, 2.
3.4p.

watts E4.20 Send s a e for free data on our range
quickblow type 0.7p, antisurge type

'AW 0.1p, 1W
of matching power and ;mew kits

Resistors 5% Ell 10 ohm to 10M.
14. Polyester capacitors 250V 01, 022. 033.

FERRANTI ZN414
047m1 2.7p, 015m11.1p, 068inf 1.4p, 0 lmf
1.5p, 0 22mf 3p, 0.33m1 2.5p, 0 47ml 4.4.

E12 63V 15 to 6800pfIC radio chip 31.05. Etna parts and pcb for radio
t3.55, case El Send 5 a e for free data

Polystyrene capacitors
2 1/2p. Ceramic upecitors 50V El 2 22pf to

PRINTED CIRCUIT
1000pf 1.7p. E6 1500pf to 330009f 1.7p,
47000912p. Electrolytes 50V, 47 1. 2mf 5p.

MATERIALS 25V 5mf Sp. 10m1 4p. 16V 22rnf Sp, 33. 47
PC etching kits economy 41.70. standard E3.52, 100mf 14. 220 330mf fp. 470m1 11p. 1000m1
50 sq ins pcb 40p. 1 lb FeC1 E1.05, etch resist 61/2 p. ZOMBIS 400mW E24 2V7 to 33V 15.5p.

Preen 0 1W home., vest 100pens economy 44, den 73p, small drill bits pots sub -miniature
to 4M7 6.14. Potentiometers 1/4W 4K7 to 2M2
log or lin single 214, dual 76p.1 /32 ins or 1mm 20p each, etching dish 64,

laminate cutter 75p.

SWAN LEY ELECTRONICS
DEPT. ETI, 32 GOLD53L ROAD, MANLEY, KENT IRS aez

Mail order only Please add 30p to the tool cost of order for postage. Prices include VAT Overseas customers
deduct 7% on items marked' and 11% on others Official credit orders welcome

MAINS

D
ELECTRONIC

AIERM
CLOCK

IMMEDIATE
DELIVERY

ETI
RECOMMEND
THIS
MODEL

Unik Time Stylish Design
Large Bright LED display
Choice of black or white case
ALL with red display on black background
Tilted front panel for easy viewing
Silent operation, all electronic
Space age technology L.S.I. circuitry
Alarm and 9 minute snooze repeater
A.M. /P.M. indicator
Seconds Display
Size 105mm x 115mm x 55mm high
Fully guaranteed

£8.95
INCL. V A T
POST PAID

THREE FOR £26.00
POST FREE

/ UrUNfK TIME

/ .3 
/L.

NENRg All mail to: Henry's Radio
404 Edgware Rd. London W2
PHONE 01)723 1008

BRAND NEW COMPONENTS
Linear Circuits
709 OILS 20p LM382N 105p
741 011.8 lip 1M1303 110p
741 D11.14 35p 1M3900 SOp
747C DIL14 50p 1M3909 64.
748C DIL8 34. MC1310P 150p
CA3011 80p MC1312P 180p
CA3014 130p MC1314P 300p
CA3018 80p MC1315P 524
CA3020 160p MC1330 100p
CA3028 124 MC1458N 35p
043035 140p MC14965 eop
CA3036 170p NE555 lip
CA3042 174, NE556 80p
CA3043 180p NE560 300p
CA3046 54 NE561B 354,
CA3052 150p 0E5628 354
CA3054 114 NE565A 120p
CA3075 150p NE566V 150p
CA3080 70p 56567V 17*
CA3081 124 55760035 200p
CA30439 1150p SN76013N 144
CA3090 400p SN76023N 140p
CA3123 154 SN76033N 200p
CA3130 90p TAA6214 215p
CA3140 90p 154120S 85p
LM300H 130p 784540 204
UA301AN 309 TBA641 240p
LM304H 150p TBA800 70p
U1/13081-1 90p 784920 320p
U4318CN 170p TCA270S0 200p
0.43245 75p TDA1002 450p
1114339 BOp TDA1022 570p
1.143805 50p 7042020 320p
1.1143815 105p 25414 75p

CMOS
4000 16p 4040 90p
4001 12p 4041 sop
4002 lip 4042 75p

4007 lip 4043 84
4008 949 4049 28p
4009 46p 4050 45p

4010 50p 4051 134

4011 12p 4052 84
4012 16p 4066 35p

4013 35p 4068 16p

4015 80p 4069 tap
4016 45p 4070 14
5017 55p 4071 14
4018 90p 4072 20p

4020 60p 4073 24
4021 659 4075 24
4022 859 4078 16p
4023 15p 4081 14
4024 64 4510 110p
402o 15p 4511 70p
4027 34 4516
4028 74

70p
4518 66p

4029 90p 4520 70p
4030 50p 4585 104

TTL
7400 10p 7496 44
7401 14 7497 244
7402 10p 74100 95p
7403 14 74104 40p
7404 lop 74105 409
7405 13p 74107 28p
7406 29p 74109 46p
7407 29p 74110 414
7408 14 74111 70p
7409 14p 74116 164
7410 10p 74118 54
7411 14 74119 130p
7412 21p 74121 24
7413 25p 74123 40p
7414 45p 74125 46p
7416 27p 74126 414
7417 27p 74132 714
7420 10p 74141 45p
7421 29p 74142 202p
7422 17p 74145 65p
7423 25p 74147 1359
7425 2m 74148 124
7426 24 74150 62p
7427 25p 74151 49p
7428 34p 74153 60p
7430 10p 74154 106p
7432 24p 74155 46p
7433 34 74156 63p
7437 24p 74157 40p
7438 24p 74160 60p
7440 14 74161 1309
1441 54 74162 110p

7442 40p 74163 1109
7443 90p 74164 614
7444 110p 74165 90p
7445 70p 74166 100p
7446 70p 74167 274
7447 55p 74170 1755
7448 54. 74172 400p
7450 13p 74173 1200
7451 13p 74174 90p
7452 14 74175 70p
7454 14 74176 90p
7460 14 74177 110p

7470 23p 74178 120p
7472 22p 74181 11155
7473 22p 74182 74
7474 20p 74185 120p
7475 26p 74190 70p
7476 20p 74191 104
7483 75p 74192 74
7485 90p 74193 70p
7486 26p 74194 94
7489 100p 74195 70p
7490 24p 74196 70p
7491 85p 74197 92p
7492 46p 74198 150p
7493 24p 74199 150p
7494 Nip
7495 55p

2102145555/
2107
2708
AYS-1013

424
100

350p
750p
3110p

MC6800
MC6810
MC6820
MC6850
80804

1150p
310p
4259
550p
5959

Trarnislom BC479 lip 71P344 94 2529260 10p
AC125 lip BC547 11p T1P3413 124 2529268 4
ACI26 lip BC548 lop I7X107 14p 253011 24
AC127 17P 8C549 Itp 77X108 14 2193053 14
AC128 114 8C960 lip 7711109 14p 253054 50p
AC176 lip 8C558 155 Z70300 16p 253055 50p
AC186 2Ap 8C559 14 Z711301 1811 253121 259
AD161 34 BCY70 14p 7111302 24 253133 259
AD162 34 8CY71 14 7171303 24 253440 514
AF124 27P 13C172 14 ZTX304 2517 253441 120p
AF125 27p 80115 54 7711310 14 253442 1359
AF126 27p BD131 35p 2111311 14p 2N3702 4
AF127 27p BD132 35p 711(314 24 253703 4
AF139 34 80133 44p 711)1341 21P 253704 fir
AF239 44 80135 36p ZTX500 169 253705 *
I3C11079 op 80136 34 Z111501 159 2513706 Op

1301071302 OP BD137 35p zr1502 209 253707 9p
DC108 9P B0138 39p 71X503 209 253708 Bp
8C1068 ep 80139 359 7111504 25p 2513709 se
BC108C 109 130140 34 2711530 355 253710 SP
BC109 SP BF24413 36p 777(550 249 253711 59
BC109C 14 BFX29 24 25696 34 253715 10p
882114,47

7p BFX87 209 2N698 28p 253823 659
7p 0F1184 23p 2N697 14 253819 24

BC149 8P 13F088 20p 25699 50p 203824 759

8C115587

9P BP(50 15p 25706 14 ,03866 659

8C lip BFY51 15p 25706A 13p 2N3903 op
80159 9P BFY52 15p 251708 209 253904 lip
BC167 8p BU105 170p 2N914 22p 203905 Sp

BC168 ip 81.1205 144 25918 30P 253906 *
9C169 BP BU208 160p 25919 54 204037 30p
8C169C 9p MJ2955 94 25920 54 2N4058 14
BC170
BC171

*9,, p4M9PFsA10062 33% 2205993029 20,,24 225540419 110p2p

80172 7P MPS456 34 251131 23p 204061 125

80173 9p TIP29 40p 251132 23p 255179 SOp

BC177 14p 71P294 44 2511302 34 255457 32p
8C178 14p TIP298 40p 201303 54p 255458 30p
BC179 14p 7929C SOp 251304 54p 2N5459 32p
8C182 10p 11P30 40p 2N1613 24 255777 50p
BC182L 10p 7930A 44 251671 134 ok,....
BC183 10p 79306 55p 2542160 100p 0,47 10p
BC183L 10p 7930C 755 752243 24 0A91 55
130184 100 1931 SOp 252297 44 ,..),

5P
BC1841. 10p 71P314 50p 252368 I5p -

PP

All orders despatched by return of post Prices VAT inclusive

8C207 10p 71P318 134 252369 14 1100994 59
Please add 20p for carriage All components guaranteed brand new

8C212 14 TIP32A 135:11Pr

252846
154031 4p
154002 4p

and full specification Callers most welcome at our new premises
8 30am to 6pm Monday to Saturday All prices valid to August 31PCB c2204 °pep rl',P33;C 65p 252484 24

BC212L 10p 793213 75p 202094A 23p
252904 27°2:

3.61,

Send large SAE for our detailed list

BC2I3 10p TIP32C 80p 2N2905 225

802131. 10p 7933 75p 2529054 22p Repeats.
BC214 10p 7933.4 80p 252906 24 7805 60p /824 1114 7905 SOp 7924 80p L513091( 90p

BC2141 10p T1P3313 103p 529064 22p 7812 60p 781.05 50p 7912 SOp 791.05 709 1543171( 3009

BC478 1 TIP34
8C477 19p 7

781.12 509 7915 80p 791.12 74 1M323K 50*
933C 11/9 252907 24 7815 60p

2N29074 255 7818 560 781.15 50p 7918 Nip 791_15 70p 119722 44

Carbon Film Resistors
High stability low noise 0 25W E 1 2 series from 4 7 ohms to I

Megohrn Size 7 5 x 2mm Any selection
each 100+ 1000+ 5000+
0.4 0.3p 0.75p 0.7p

Special development pack of 10 of each value 4 7 ohms to 1

Megohm a total o1650 resislors 55.10
Potentiometers
Carbon track Log and Linear values
5K -2M2 single gang
5K 2M2 single gang switched
52 dual gang stereo
Pre1(.set2M Potentiometers
Subminiature type available in horizontal or vertical mounting
0 1W rating 100 ohms to 2M 4 each
Ceramic Capacitors
Miniature ceramic plate type 50V PC mounting Available from
22pF to 1000pF in E I 2 series and 1 500pF to 0 047 in E6 series

2p each
Polyester Capacitors
Mullard C280 series 250V PC mounting
0 01 0 015 0 022 0 033 0 047 4p; 0 068 01 41/2p: 0 15
0 22 6p; 0 33 0 47 fp: 0 68 12p; 1.0, 15p; 2 29 F 24p.
Electrolytic Capacitor.
Atrial leads
25V 10 22 47 5p: 100 7p; 220 10p; 470 14p: 100* F
23p. 63V 1 0 2 2 4 7 10 5p; 22 479F 7p.
Terbium Seed Capacitors
0 1 0 22 0 33 0 47 1 0 22 4 35V llp
4 7 4 25V 6 8

-
25V 10 4 25V 12p

22 ,O) 16V 47 46V 68 @ 3V 100 1 3V 14p

Opteelectronics
All the following are Class 1 displays

Red Green Yellow Cis

0 125 111.209 111.211 111.213 3p

02 FL17117 FLV310 FLV410 3p
16p 19p

01704 0 Sin CC 90p 01727 0.51n CA 180p
01707 0.3m CA 90p 131747 0 Sin CA 1130p
OIL Sockets

8 pin 11p 14 pin 12p 16 pin 13p 24 pin 30p

240.
52p
6Sp

Quantity discount on any mix M. CMOS and linear Circuits 25+
10% 100+ 15%

C. N. STEVENSON (E2) 236 High Street, Bromley, Kent BR1 1PQ
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It is only a matter of time before the 'smart' car comes along - cars have been
relatively simple hydromechanical machines without the intelligence that a
powerful electronic system could provide .... but that simple era is about to end.

THE ELECTRONIC REVOLUTION in the car industry is
with us - the level of electronic sophistication in
production cars is increasing at a surprising rate,
bringing with it improved performance and high
reliability.

In the past the electrical system in cars was a well
known area for failure, wouldn't complex electronics be
even more failure prone?

At first sight it seemed that failures would be inevit-
able. Cars offered an environment far more hostile to
computers than the air-conditioned and dehumidified
chambers they had been used to. Temperatures under
the bonnet range from -40 C to 140 C. Salt spray,
dust and vibration are constant menaces. And the car
has a power supply "which, by computer industry
standards, has limited capacity, minimal regulation, and
is quite noisy,- as a General Motors' engineering report
put it. The odds against success seemed heavy at first.

Gradually techniques were worked out that promised
success. Manufacturing methods became exacting -
and expensive. When building the 'Lean Burn' elec-
tronics package, said Chrysler's Huntsville general
manager, Arthur E. Douyard, "We actually try to make
the unit fail during assembly. We expose it to 185 -
degree temperatures three times, including a final
period up to 10 hours. We also pass -fail the unit by
computer five times. Finally, we audit ten per cent of the
units we ship to grade our quality control standards.'"

The ten-hour test figure was not casually arrived at.
"Any malfunction with an electronic device should show

up quickly - usually within the first ten hours," says
Sidney L. Terry, vice president for public responsibility
and consumer affairs of Chrysler. "After that the elec-
tronic components should never wear out. Chrysler
engineers estimate that for every pound the industry has
invested in electronic voltage regulators, the customer
has saved nine pounds in replacement costs, and that
customers have saved four pounds for every pound we
have invested in electronic ignition."

This is a good record - for relatively simple devices.
For more complex systems, serviceability suited to the
auto repair shop will have to be worked out. "Repair of
computer -type equipment will of necessity be at the
module replacement level to be practical," the SAE was
told by Frank P. Caiati and James F. Thompson of GM's
Engineering Staff. "Isolation to a failed module will be
the technological challenge. It is very necessary that a
high percentage of module failures be self -indicating,"
so the usual vagaries of trial -by -replacement trou-
bleshooting could be avoided.

"The MSI and LSI semiconductor technology of
today lends itself to modularity," Ciati and Thompson
added. Like car radios, the first complex electronic
system used in a production car - the Bendix fuel
injection for 1957 - used valves. Soon thereafter the
valve was replaced by the transistor, much smaller and
less power-hungry, while back in the semiconductor
labs, the age of the integrated circuit was being ushered
in.

In 1959,- explains Chrysler's Terry, "a commer-
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cially available chip contained only one component of a
circuit. By 1964, the number of components per chip
was up to ten. By 1970, the number of components
was up to about 1000, and by 1976, up to 82,000. At
the same time, the cost per unit dropped sharply."

The electronics industry soon discovered that the
most efficient way to use those 80,000 components was
to organise them into a computer -like general purpose
logic chip - the microprocessor. With that much power
available in a very small package, the car industry had to
pay attention to microprocessors. "These new LSI
microprocessor chips, as used in calculators, started the
industry looking at applications in which their added
cost could be handled,- says Donald E. Colvill, staff
engineer for electronic engine controls of GM's Delco
Electronics Division. "To an engineer," he adds, "a
computer is always attractive from a technology stand-
point."

It was one thing to decide to use this know-how of the
semi -conductor industry, and quite another to decide
exactly how to use it. There are two main types of
computer, analogue and digital, and each has its
strengths and limitations. The car industry started with
analogue computers, but it is moving rapidly and
irrevocably towards digital computers today.

The analogue computer was initially the most popular
because it is simpler and well suited to doing many of the
jobs that the car system requires. As its name hints, it
works through the setting up of an electronic circuit that
is analogous to the conditions in the mechanism that it's
controlling. In an analogue computer, multiplication by
a constant, for example, would be done by an amplifier
of fixed, pre-set, gain. Analogue circuitry 'mimics' the
motions of the machine and /or the mathematical equa-
tions that describe what it does. Analogue computers
can be quite versatile, but for use in cars they're usually
tailored in design to suit just the job they have to do.

Analogue Circuitry
Analogue circuits started strong in cars and are still
doing many important jobs in them. The Bosch and
Bendix electronic fuel injection systems use analogue
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computers, for example. Analogue designs were chosen
because they're fairly easy to change and adjust during
vehicle development and during the evolution of the fuel
injection system. For similar reasons Chrysler chose an
analogue computer to control its Lean Burn spark -
adjustment system. First launched in the 1976 model
year, this functioned with 99.9% reliability on the initial
field of 60,000 cars. Now in 1978 it's available on all
Chrysler's eight -cylinder engine families.

Analogue circuitry also does the computing in the
black boxes used in the closed -loop Lambda -sensing
controls that make the so-called three-way catalysts
work in the cars now on the US roads. Such systems
were first marketed by Volvo and Saab at the end of
1976, using Robert Bosch electronics. Now for 1978
Ford's Pintos and Bobcats with automatic transmissions
for the California market have such closed -loop or
feedback controls. Both Motorola and Ford's own plant
supply their analogue electronics. GM's Delco Elec-
tronics Division makes analogue controls for the similar
air/fuel ratio control being fitted to some Buick, Olds-
mobile and Pontiac subcompact models, also for the
California market. Ford uses Bosch exhaust pipe sen-
sors, while GM's come from the AC Spark Plug Division.

Two 1978 GM models have new spark control
systems that also have analogue computer circuitry. One
is Delco Electronics' Electronic Spark Control, which is
called the Turbo Control Centre by its user, Buick, which
employs it on its turbo -supercharged V-6 engines in the
Regal and LeSabre sports coupes. This ingenious device
uses a Delco Remy vibration sensor mounted on top of
the inlet manifold to tell when the engine is detonating.
Electronic filters on the sensor's output pass the high
vibration peaks in the range of five to seven kilohertz that
GM considers to be the signature of pinking or detona-
tion. Analogue circuitry in the Electronic Spark Control
modifies the spark dwell, and thus the spark timing, by a
signal it sends to a special electronic module in the High
Energy Ignition. Working every other crank revolution, it
can retard the spark up to 20 degrees in two -degree
increments until the detonation stops. It is designed to
cope with extreme conditions in the running of the

Fig. 1. Left, a Delco Remy module, part of an electronic
controller for the GN 3 -way catalyst system.
Fig. 2. Below, the spark control computer, part of the
Chrysler Lean Burn System.
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sensitive supercharged engine, such as a very heavy
load on a very hot day.

This spark control system is a closed -loop device, the
first of its kind to be placed in volume production. Delco
Electronics' other new spark controller is an open -loop
design, the Electronic Spark Selector used on 1978
Cadillac Sevilles (except for the diesels, of course). This
has sensors that tell it engine speed, manifold vacuum,
coolant temperature and the engine cranking condition.
From these, an analogue computer advances or retards
the whole spark curve to suit the running conditions.
During engine warmup, for example, it retards the spark
so the catalyst will reach working temperatures more
quickly. Like the detonation sensor, this too allows the
engine to be run with a great spark advance under most
conditions, favourably affecting mileage. Cadillac ex-
pects an overall improvement of about one mile per

Fig. 3. Microprocessor control circuitry allows Chryslers new
AM/FM Stereo Search radio to recall ten stations from its
internal memory. A LED display shows the frequency and
number of the selected station.

gallon from its use. And the Electronic Spark Selector is
built to "fail soft". Should it stop working, the engine
simply keeps running with the last spark curve it was
using before the failure.

Both Cadillac and Buick offer yet another engineering
feature that combines analogue -type electronics with a,
simple logic chip. The new GM application is in the
Automatic Level Control for the rear suspension, deve-
loped jointly by Delco Electronics and Delco Products. It
uses an Optron diode sensor to measure the distance
from the axle to the frame, and then through the
analogue and logic circuits, it adds or subtracts com-
pressed air (from a 150 psi supply) in the special shock
absorbers to bring the rear of the car to the correct level.

Number Crunching
With all these applications, analogue computation is
well established in the electronic systems of today's
cars. But it has a strong and promising competitor.
digital computation. It reaches similar ends in a different
way. While the analogue system is computing by
making comparisons between different voltage and /or
current levels, the digital system is carrying out the
various calculations mathematically, just as you would
on a scratch pad or calculator. You might say that digital
computation is to analogue as a desk calculator is to a

Fig. 4. The Aston Martin Lagonda, below, has the drivers seat
computer controlled through servomotors. The seat can be
pre-programmed with two sets of adjustments (for husband and
wife drivers).



slide rule. Actual physical relationships play a
part in the analogue circuit's findings, while the digital
computer gets its results by doggedly doing the actual
math - very quickly.

While the digital device gives results that are in-
herently accurate, the electronic components of the
analogue device must be "trimmed", during assembly
and testing, to make sure that the complete circuit gives
the right answers. This seems to show an edge for the
digital device, but that's not necessarily so. Many of the
inputs to digital computers will begin as analogue
signals, such as a varying voltage from a temperature or
throttle position sensor, and will need to be converted
into digital language that the computer can understand.
Such an analogue -to -digital converter will also need to
be trimmed, or calibrated, for accuracy. And digital -
to -analogue converter will also need to be trimmed, or
calibrated, for accuracy. And digital -to-analogue con-
verters for the computer's output will also be needed so
it may perform automotive tasks.

Until recently it was simply unthinkable to fit a digital
computer into a production car, because it was too big,
too expensive, or both. Now, with the arrival of the
microprocessor that limitation is beginning to be
removed. A digital computer needs a central processing
unit (CPU) to do the work. It also needs a fixed or
permanent memory (known as ROM for read-only
memory) of substantial size to tell it what to do and when
to do it, and in addition to that a temporary memory, or
RAM (random-access memory), in which it can store
data it needs for continuing its calculations. All this can
now be etched on one or more small LSI chips, forming a
microcomputer.

Small and powerful though it may be, such a micro-
processor doesn't come cheaply. It costs tens of thou-
sands of dollars just to tool up to make the special masks
needed to etch them in production. Also, to avoid
needless waste they must be tailored as closely as
possible to the applications for which they're needed. A
nervous period of courting between the motor and
semi -conductor industries is now ending, as each better
understands the needs of the other, and microprocessor
uses are increasing rapidly. From one in 1977 the
number of applications has jumped to five in 1978, and
there'll be many more in 1979, after the technique
proves its value and reliability.

MISAR Sparks It Off
The beachhead for microprocessors in cars was esta-

blished in the '77 model year by Oldsmobile and
Delco-Remy with their MISAR spark control system used

in Toronto. Standing for Microprocessed Sensing and
Automatic Regulation, MISAR senses crankshaft rota-
tion, manifold vacuum and coolant temperature, and
from these decides which of more than 200 ignition
advance points on a -map" of possibilities suits the
engine best at that instant. These points are stored in a
ROM with a capacity of 1024 ten -bit data words. Two
LSI chips are at the heart of the Rockwell CPU that
computes which point will be used at any moment. It
completes the 335 -odd instructions its program requires
in about 12 milliseconds giving a fresh spark timing at
that interval. MISAR works by switching the HEI dis-
tributor's own electronic module on and off.

Three other microprocessors are used to do jobs that
are less vital to the running of the car. One is another
Chrysler Huntsville development, an advanced solid-
state search -tune radio. It has a ten-digit keyboard that

Fig. 5. Fifth among the digital microprocessors in the 1978 cars
is the miles -to -empty system used, as an option, in the Lincoln
Continental Mark V. Its LSI chip carries the equivalent of 3600
transistors on a surface less than a quarter -inch square. Picking
up indications of car speed and fuel tank level, it calculates the
distance travelled, fuel used and the resulting miles per gallon.
Then it multiplies fuel mileage by the amount of fuel left in the
tank to get the miles -to -empty reading shown on the dash.

TO EEC - ELECTRONIC ENGINE CONTROL
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Fig. 6. Above, diagram of the Electronic Engine control system
featured in the 1978 Lincoln Versaille.

Fig. 7. Below, diagram of the Delco Electronic Spark Control as
used on the Buick turbo -charged V-6 engines.

SENSOR

DETECTOR

SPARK DELAY

7 7 ... 7 7 7 7

can be used to choose stations directly by their
frequency, or from the radio's computer memory by a
push of a single button. Automatic searching for other
stations, at two sensitivity levels, can be initiated by a
foot switch. The frequency chosen is shown by a
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light -emitting diode display. This "thinking" AM/FM
stereo radio is offered in such top -line models as the
Dodge Diplomat and Magnum and the Chrysler
LeBaron, Cordoba, Newport and New Yorker Brougham.

The fourth microprocessor available in the '78
models is an option on the 1978-1 /2 Cadillac Sevilles,
those without diesel engines. It's at the heart of a system
called Tripmaster, which uses a large LED display made
by AC Spark Plugs in place of the conventional spee-
dometer and introduces LED displays for the fuel level
and, at the right of the dash, for engine speed, coolant
temperature or time of day - whichever the driver
selects by pushing a button. A small panel holds a dozen
pushbuttons for selecting operating modes or entering
data into Tripmaster.

Its CPU, a Motorola 6800 microprocessor, allows the
Tripmaster to do many navigational tasks. It can handle
time, distance and average speed calculations, and it
can relate them to the rate of fuel consumption and the
amount of fuel left in the tank. Drawing information from
the electronic fuel injection, it can read out the instant-
aneous fuel mileage and the average mileage for the
journey. Its present ROM capacity of 4000 eight -bit
words is enough to let the Tripmaster handle these jobs,
and it be expanded by several multiples in the future,
using the same CPU, to permit it to take over all engine
functions and many other control tasks in the car.

Looking Forward
This is a promising array of digitally -controlled auto
systems. Many more are waiting on the sidelines. We
can expect, for example, that most and perhaps all of the
present analogue car computers will be converted to
digital operation in the course of the next several years.
Speaking to the SAE about electronic fuel injection in
1976, Jerome G. Rivard, then of Bendix and now with
Ford, said that "In the interests of cost reduction and
higher production volume, the current hybrid analogue
design will undoubtedly be replaced ultimately by a
design based on digital EFI controller to be in production
for the 1979 model year and to be in wide use in 1980.
United Technology's Essex Group has also built and
tested a digital injection computer, while Chrysler will
use such a controller with its forthcoming Electronic Fuel
Metering system. Its key microprocessor suppliers are
expected to be the RCA Corp. and Texas Instruments.

The systems on the 1 978 cars are the exploratory first
wave for the mass invasion of microprocessors that's
coming on the 1981 models. To meet the tougher
emissions and economy standards then, the tiny LSI
chips will take over control of all main engine variables
spark timing, EGR valve flow, choke control on carb-
uretted cars, fuel preparation and fuel/air mixture
control. The Motorola 6800 microprocessor, used
already in Tripmaster, will be the key CPU for General
Motors and, apparently, for Ford as well.

Those responsible for developing these new systems
make no secret of the fact that the central brain, the
CPU, has raced far ahead, in design, of the sensors and
actuators that are the eyes and muscles of the brain.
These are still relatively primitive, and all too susceptible
to inaccuracy or failure under automotive operating
conditions. Also many of them produce analogue out-
puts instead of the digital data that the microprocessor
would prefer to receive. This is the area in which the
mechanical and electronics engineers will have to
cooperate most genially if good results are to be
achieved. Ell

SINTEL
THE SINTEL SIX DIGIT MAINS CLOCK KIT

with BLEEP ALARM and TOUCH SWITCH SNOOZE

 HIGH BRIGHTNESS DISPLAY

 AUTOMATIC INTENSITY CONTROL

 DEEP RED DISPLAY FILTER

 SLIM WHITE CASE 205mm x 40mm v 14Ornrn

 BATTERY BACKUP

 CRYSTAL CONTROL FOR IMPROVED ACCURACY

Order as ACK + BBK + STK

lailaganum

The ACK is also available without battery backup and crystal control Order as ACK
The ka is supplied complete with the exception of a mains plug cable and battery

E34.50
E28.80

DATABOOKS
Illustrating Basic £2.45
Intel Memory Design Handbook E5.20
Intel 8080 Microcomputer Systems User's Manual E8.50
Intel 8085 Microcomputer Systems User's Manual £6.50
Motorola Booklet From the Computer la the Microprocessor £1.80
Motorola McMOS Detabook Vol 5 Series B) E3.50
Motorola M6800 Microprocessor Applications Manual £12.95
Motorola M6800 Programming Manual £5.35
National SC/ MP Introka User's Manual £0.75
National SC, MP Technical Description E1.80
National Semiconductor TTL Databook E2.10
RCA CMOS and Linear IC Databook £5.45
Texas Instruments Pin Configuration Guide A very useful set of gloss cards showing top and bottom pm -out
views of 7400 ICs plus many others IT I Memories. Op -Amps. etc I

£2.95
Z80 Assembly Language Programming Manual E7.50
Zilog 280 -CPU Technical Manual £5.60
Zilog 280 CTC Product Specifications £0.80
Zilog ZBO-P10 Technical Manual E3.30
DATASNEETS at 75p each on IM6100. 6800. SC/MP. CDP 1602, 2650. TMS5501. TMS8080 9131
Z800 P Intel 8085 Also free data on some components.
BEST OF BYTE Volume 1 3C0 pages £11.95

Some Popular Memories available from SINTEL
ISee ETI DATA SHEET SPECIAL July 19781

2102 450 nsec 1K STATIC RAM
2102 650 nsec STATIC RAM
2708 1K x 8 bit UV ERASABLE ROM
8508 600 nsec 1K STATIC RAM

E1.85
£1.85
E8.80
E8.05

ASSEMBLED LATCHED COUNTER MODULES

Our range of Industrial Latched Counter Module Kits is now available ready -built These counters use both
CMOS and TTL ICs and will save you considerable design purchasing building and de -bugging time. Each
module uses a set of red LED displays, and features a single inline plug and socket Instructions are provided.
For lull details please send for Catalogue

TTL CMOS

Part No Built Pan No Kit Part No Built Part No Kit

21401
4 digit
6 digit

481-404
715-484
293-484

E13.22
E23.38
E33.76

526-412 £10.52
657-412 E17.96
721-412 E25.65

985-568 E13.02
512-568 E22.63
393-568 E32.31

548-470
569-470
191-470

E10.42
£10.11
£25.85

NEW PRICES AND SOME NEW CMOS ADDITIONS
If you need your CMOS by return - buy it from SINTEL

CD4000 0.15 CD4027 0.44 CD4051 0.82 CD4086 0.84 CD40182 1.40
CD4001 0.17 CD4028 0.77 CD4052 0.82 CD4089 1.39 CD40192 1.40
CD4002 0.17 CD4029 1.03 CD4053 0.82 CD4093 0.80 CD40193 1.40
CD4006 1.04 C04030 0.50 CD4054 1.04 CD4094 1.69 CO40194 1.19
CD4007 0.18 CD4031 2.00 CD4055 1.18 CO4095 0.94 CD40257 1.48
CD4008 0.87 C04032 0.89 CD4056 1.18 CD4096 0.94 CD4502 0.81
CD4009 0.50 CD4033 1.25 CD4059 4.29 CD4097 3.35 CD4510 1.01
CD4010 0.50 CD4034 1.71 CD4060 1.00 CD4098 0.98 C04511 1.25
CD4011 0.18 CD4035 1.06 CD4063 0.98 CD4099 1.85 CD4514 2.47
CD4012 0.20 CD4036 2.86 CD4066 0.55 0040100 2.50 CD4515 2.82
CD4013 0.43 C D4037 0.85 CD4067 3.35 CD40101 1.61 CD4516 1.01
CD4014 0.83 CD4038 0.95 CD4068 0.20 CD40102 2.13 CD4518 0.97
CD4015 0.83 CD4039 2.78 CD4069 0.20 CD40103 2.13 CD4520 1.04
CD4016 0.48 CD4040 0.97 CD4070 0.46 CD40104 1.10 CD4527 1.43
CD4017 0.79 CD404 1 0.75 CD4071 0.20 C040105 1.06 C 04532 1.21
CD401 8 0.83 C04042 0.69 C D4072 0.20 CD40106 0.62 CD4555 0.78
CD4019 0.50 CD4043 0.88 CD4073 0.20 CD40107 0.89 C 04556 0.78
C 04020 1.11 CD4044 0.84 CD4075 0.20 CD40108 5.36 MC14528 0.93
CD4021 0.90 CD4045 1.26 CD4076 1.17 CD40109 1.03 MC14553 4.43
CD4022 0.82 CD4046 1.20 CD4077 0.39 CD40160 1.19 IM6508 8.05
CD4023 0.18 CD404 7 0.89 CD4078 0.20 CD40161 1.19
CD4024 0.70 CD4048 0.50 CD4081 0.20 CD40162 1.19
CD4025 0.20 CD4049 0.50 CD4082 0.20 CD40163 1.19
CD4026 1.55 CD4050 0.43 CD4085 0.64 CD40181 3.40

For our full range of components send for Free Catalogue
Our Offices are at 109 Cowley Road. Oxford. but please do not use this as a postal address

PRICES VALID UNTIL 31st AUGUST 1978
OFFICIAL ORDERS ARE WELCOME from Companies. Gout Depts Natn Inds . Unws Polys
ORDERS: C W 0 add VAT 8%+35p p&p TELEPHONE and CREDIT (Invoice) ORDERS add VAT Cad 8% A 60p
p&p minimum charge (the balance will be charged at cost) Please see FAST SERVICE EXPORT ORDERS welcome.
no VAT but add 1(1%. (Europe) 15, (Overseas) for Air Mail p&p For Export postage rates on heavy items - contact
us first

ORDERS TO: SINTEL, PO BOX 75A, OXFORD
Tel: 0865 49791
FAST SERVICE: We guarantee that Telephone Orders for
goods in stock, received by 4.15 p.m. (Mon. -Fri.) will be
Wwiliwtched on the wine day by 1st Clean Post (some heavy
items by parcel post) and our stocking is good. Private
customers should telephone and pay by giving their Access or
Barclaycard number, with a minimum order value of £5.
Official orders, no minimum.
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The new '78-79 edition 5
catalogue is packed full of

new merchandise including
MICRO PROCESSOR

BASED KITS.
There are over 2,000 items

in the 120 pages for your
Night of Delight and

50p WORTH OF FREE
GOODS

Send for your copy now.

Overseas orders,
except for N Ireland,

Please add 35p
to cover despatch by Air

Address

Signed

Doram Electronics Ltd
P.O. Box TR8
Wellington Road Estate.
Wellington Bridge,
Leeds LS12 2UF

M11.11111.11E1.111111111

EDITION 5 CATALOGUE U
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HOME COMPUTER
Tandy have recently introduced the Radio Shack TRS-80 computer system to this
country. Phil Cornes, Gary Evans, Graham Wideman and Mark Czerwinski have
been putting the machine (pity it wasn't time sharing) through its paces.

THE NAME TANDY will be familiar to many of you. Of
American parentage the company have over the past few
years opened up a large number of retail outlets in this
country dealing mainly with audio equipment and in
most cases, components. Those of you who frequent the
larger Tandy stores may well have noted the appearance
of a home computer, as Tandy's TRS-80 home com-
puter system has been on demonstration in many since
March. So what is the TRS-80 and how does it compare
with similar systems?

What You Get
The TRS-80 system comprises of four separate units.
The first, a standard 'Realistic' CTR 41 portable mains/
battery cassette recorder, is used for long term storage of
programs, information and data files.

The second is a video display unit which provides up
to 16 lines of 64 alpha numeric characters. Each of these
1024 character locations can be further sub -divided into
a 2 x 3 matrix giving an overall 128 x 48 matrix. The
6144 resulting positions on the screen can be individu-
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ally lit or dimmed as required, from within a program, to
produce all manner of continuous or interrupted
graphics.

Thirdly we have the power supply unit, which gives
a 17 volt AC output, used to power the last item of
hardware, the CPU, memory and keyboard package.

The CPt1 is a. Z80, the memory comprises of level
1 BASIC in 4K ROM, 4K of dynamic RAM for program
storage and 1K static RAM for the video display. Also
included are the voltage regulators, the cassette and
video interfaces and the integral standard 'QWERTY'
keyboard. Also supplied are a 232 page instruction
manual and two cassettes, one blank for retaining your
first efforts in programming the other with two games
programs - Blackjack and Backgammon. In addition all
leads required to connect the four units together and to
the mains are provided.

Initial set-up is quite easy - simply put all four units
on the same table and plug them all together. All three
connections to the keyboard i CPU unit are made via
five -pin DIN plugs and ARE interchangeable. The
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sockets are labelled and we are assured that swapping
leads will not cause any damage. Plugging into the
cassette recorder is less obvious since two of the plugs
can be interchanged with no identification other than
being of different colours.

Having said all this though, after setting up the
system a couple of times one will be familiar with all
these points and in practice we don't see many problems
with these connections.

First Impressions
Switching the system on requires the pushing of two
on /off switches. The first is on the front of the video
display and the second is on the back of the microcom-
puter itself adjacent to the plug and socket which
connect the power to the main unit. With this done it
takes only three or four seconds for
READY

> -
to appear in the top left corner of the screen. The >
symbol is presented to inform you that the system is in
the state in which it can accept entries from the key-
board, the symbol itself is called a 'prompt'. The - is
called the cursor and is presented to show you where the
next character input will be displayed. A quick flick
through the manual revealed on page 225, the listing of
what appeared to be a very useful program, a combined
function and RAM test which it is claimed "Puts the
TRS-80 through its paces - All of them" and having
looked through the program we could well believe it.

The program starts off by using every statement and
function that level 1 BASIC is capable of with checks in
the program to make sure that all is as it should be and
with error messages printed for a failure. The program
then goes on to write numbers into all empty RAM
locations, reading them back to check that they were
written correctly and finally it displays a sort of simple
test card that can be used to check the alignment and
centering of the picture on the screen. Care should be
taken when typing this program in as there an error in
the manual which has to be corrected as you enter the
program. (There is a slip of paper included with the
manual which corrects the few printing errors that have
crept in). It is well worth dumping this program onto tape
(see below) as if you are anything like us it takes about
half an hour to put it in (using the well tried and trusted
single finger poke and hope method).

WITH A BIT OF
PLAYING ABOUT WE
DISCOVERED THESE BIG
LETTERS, ABOUT TWICE
REGULAR SIZE.

The TRS-80 passed the test, this was the point at
which we considered the system to be well and truly
commissioned. The command CSAVE is the one used to
dump programs to tape but the one you'll most likely
want at first is CLOAD, the magic word for loading one of
the programs included with the machine. Having
amused ourselves with these for an hour or four we can
take a look at the hardware and software in more detail.
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Looking at the total system, there are advantages and
disadvantages to -having four separate units. The main
"pro" is the flexibility of being able to move the
keyboard, video monitor and cassette recorder to suit
your convenience (and making it easier for Tandy to
provide machines for different markets), although longer
leads would have helped on some units. It might have
been better, however, to combine the cassette record
and power supply with keyboard thus reducing the
packages to two.

Not For Hard Types
The keyboard itself, while not of "professional''
quality is more than adequate being a full QWERTY
typewriter style design. One point to watch is that the
keyboard will not accept a new key entry until the
previous key has been fully released. Even an inex-
perienced typist, when entering often encountered
groups of letters (eg. key words) will notch up speeds
that wiil lead to displays such as RN, LST etc. Level II
BASIC (see later) will remove this problem.

As mentioned above, the keyboard case also includes
the CPU, memory and other assorted circuitry.

We don't feel that this system would be much fun for
hardware enthusiasts. It's difficult to manage when
taken apart, the keyboard and main board are attached
to an easy to break flexible cable with no plug. No I/O
ports are on board, which rules out simple add-ons, such
as switching devices on and off, hooking up a speaker,
and other popular experiments and applications. The
back connector brings out the address, data and control
buses. Thus a separate box with interface adapter could
be added. Also on this connector are the keyboard lines,
which would presumably facilitate adding more key-
boards (possible numeric pad) in parallel with the
existing one. The keyboard interface is done not with a
Peripheral Interface chip as might be expected, but with
ordinary buffers and latches, a cheap but less flexible
system.

To summarize, this product does not appear to be
aimed at the serious hardware person. Add-ons are
difficult, although Radio Shack is coming out with an
I / 0 unit. In addition, an S-100 interface is in the works,
according to Radio Shack literature. The TRS-80 must
then be best suited to software type, keyboard plus
video and printer applications.

Data may be recorded on cassettes by means of the
built in cassette interface which converts the data to a
series of audio tones. Thus, any reasonable quality
cassette recorder will do the trick. The cassette itself
should also be fairly good since any tape "drop -outs"
mean lost data. Tandy will supply five minute -per -side
cassettes for this purpose although we have used C60s
with no problems.

The recorder supplied with the TRS-80 (the CTR-41)
has connections from the keyboard to the "AUX"
input, "EAR" output, and also the remote on/off jack.
Thus, when recording or playing cassettes, the operator
(you) pushes the desired keys on the recorder and the
TRS-80 switches the recorder on and off at appropriate
times. You also need to set the volume level when
playing back tapes. When recording, a dummy plastic
plug must be stuck in the MIC jack to deactivate the
built-in condenser microphone. The CTR-41 features a
tape counter, very handy for finding your programs.
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One dislike about the cassette system was the fact
that the TRS-80 maintains control of the cassette
machine at all times as long as the remote plug is left in
you have to keep removing the plug to fast forward or
rewind a tape to the desired position (This could easily
be overcome by fitting a simple on /off switch in the
main unit to short the remote jack and thereby provide a
computer control / manual override switch).

Video Display
Designed specifically for the TRS-80 the video moni-
tor accepts the signal from the keyboard unit and
displays it on a 12 inch CRT. The video signal is fairly
standard with OV for sync level, 0.6V for black level with
peak white at 2V. Impedance is 750R. The circuitry is
isolated from the rest of the system by an opto isolator.

Power Supply
Nothing much to say about this, it converts the mains to
a 1 7V AC unsmoothed output.

The Manual
This item is almost as invaluable as the Z80 MPU
itself even if you've known BASIC all your life. It starts
off by assuming you have never seen a computer before
and it takes you easily and clearly through everything
that you could ever want to know about BASIC and its
implementation on this machine, starting with switching
the machine on and ending with how to set up data files.

One thing we particularly liked about the manual
was the trouble Tandy have taken to make sure that
some of the sample programs don't work so that they
can then go on to fully explain the error messages that
the TRS-80 can give and how to interpret them and then
go on from this to learn how to correct (de -bug) your own
programs.

Another very useful section of the manual is an
appendix which gives the listings of 11 subroutines to
enable the TRS-80 to perform all the scientific and trig.
functions that the interpreter can not do directly. These
routines are numbered and arranged in such a way that
they fit easily into any program you are writing that
needs them while at the same time requiring only half a
dozen lines of program each so they don't take up too
much program memory.

Software
As a home computer system, the TRS 80 is probably the
least hardware oriented we have seen. There are two
points which support his thinking: you can't get at the
internal hardware without voiding the warranty and
there is no hardware interface capability other than to
the display and the cassette recorder.
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The interior of the TRS-80 reveals two
PCBs, one of which carries the keyboard
while the other deals with the rest of the
TRS-80's circuitry. The flexible connector
that joins the two boards can be seen
bottom left while the expansion bus is at
top left.

In the market at which the TRS-80 is aimed however
the potential customer will be influenced by what he
sees (ie packaging) and by what he can be led to believe
about it (by advertising, by friends, by using the system,
and even by reading electronics magazines). That
customer's attention will be focused on the keyboard
and display not on the internals. It won't matter to him
that a Z-80 incorporates efficient machine language
instructions for data searching and moving or that it's a
microprocessor that can run at a 2MHz clock rate. He
will be more interested in what it can do as opposed to
how it does it (he's buying capability, fun and perhaps
even status, not speed).

A Look At What You Get On The Soft Side
The TRS 80 comes with "Radio Shack Level 1 BASIC"
in 4K ROM. Level 1 claims to support "standard BASIC
statements". But whose standard? It seems to be
Tandy's since some important capabilities are missing
(for example exponentiation and array dimensioning).
All calculations are performed in floating point with 5 or
6 decimal place accuracy. Twenty-six numeric variables
are available (A to Z) along with one numeric array
variable. Two 1 6 -character string variables can also be
used. Actually, these are more properly called "string
things", since they cannot be compared, manipulated,
indexed or used in any but the most mundane ways. You
can input and output using them, but that's all folks.

The display produced by the TRS-80's version of backgammon
makes use of the (limited) graphics capability of the machine.
However, as can be seen, a quite acceptable display can be
produced by the system.
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Cassettes can be used to handle programs (CSAVE
and CLOAD commands) or data (PRINT*and INPUT*
statements). Since whatever you have in memory will be
wiped out if you cut off the power (intentionally or
otherwise), having a cassette recorder to store your
information permanently is invaluable. And it makes
entering of other people's programs (such as the Back-
gammon and Blackjack games supplied by Tandy)
especially convenient.

Speaking of which, the Backgammon game makes
extensive use of the TRS 80's rather limited graphics
capability there are virtually no special graphics cha-
racters - you've got to construct whatever image you
have in mind by turning on some points on the display
(48 points vertically by 128 points horizontal). This can
be tedious. Mind you, in the low cost home computer
system field this is not unusual. To compensate you can
write sub -routines which draw vertical and horizontal
lines, draw patterns, fill them in etc.

You And Your Program
Immediately after powering up your display and key-
board, the following will appear

READY
At this point you can
1) do simple calculator type computations (immediate
execution)
2) bring in a programfrom tape.
3) type NEW and enter a program

Program statements are preceded by line numbers to
distinguish them from immediate execution statements
and keep them in order. A LIST command is available to
display the program. Unfortunately the cursor control
keys cannot be used to edit this display, so if you want to
change a line in a program, you must retype the entire
line.

Output which would otherwise stream by while your
program is executing can be frozen by depressing any
key. Unfortunately, if you interrupt the program itself,
you cannot modify the variables it is using and then
return to the point of interruption. So your only altern-
ative is to rerun the program and in many cases, that's a
nuisance.

As for error messages, they are confined to WHAT?
HOW? or SORRY (along with an indication of where the
problem is). These terse messages are not unexpected
when you consider that the interpreter was written to fit
into 4K of ROM. In a tradeoff of readability against the
amount of program code you can fit into the standard 4K
of RAM, Level 1 has a "shorthand dialect". For
example. G.=GO TO, N.=NEXT, and P.=PRINT.
However, REA. seems to be a shortform of dubious value
for READ (probably done for consistemcy).
The TRS-80 character set is shown below, note that some minor
variations between this set and those on current production
machines may be noted. In addition to these characters, the
screen is divided into 6144 cells each of which may be lit or
dimmed to form graphic characters.

THE TEXT ON THE TRS-8B LOOKS LIKE THIS. EACH CHMACIER

IS A FIVE BY SEVEN DOT MATRIX. THE COMPLETE SET LOOKS

LIKE THIS:

ABCDEFGHIJKIJIHMETUVIIX1RI3456789A:-,,./

WI/ 0 Vilf0?[\)"

Make It Fit
The overriding philosophy controlling the design of this
interpreter seems to have been "make it fit". It's hard to
believe that a 4K interpreter is anything but "stripped
down" after you've used this one and it is somewhat
unrealistic (no pun intended) for Radio Shack to claim,
as they have in their sales literature, that "applications of
the TRS 80 are limited only by the imagination and
ability to write programs". Try something quite un-
imaginative like sorting a list of names. Good luck! You'll
need it.

Level II
From the sketchy details available on Level II BASIC, an
interpreter written by Microsoft, the statements and
functions to be available would appear to make this
version of BASIC at least as powerful as PET's including
many editing features. In fact we would go so far as to
say that Level II is the most significant upgrade for the
TRS-80. We wonder how logical it is to sell a home
computer with such a limited BASIC and then offer the
upgrade as an option. Will this turn people off com-
puting, or will most of them jump for BASIC II anyway?

Level II BASIC will cost you £79 when it apears in
July. We also understand that a Level II machine is to
cost £79 more than a Level I model. This combined with
the £229 pounds Tandy are asking for converting a 4K
system to 1 6K seems to indicate that in these areas at
any rate expanding your system with Tandy's help will
prove expensive. As far as the RAM goes, however, you
could buy the devices yourself, conversion involves
taking the 4Kx1 devices from their sockets and replacing
them with 1 6Kx1 chips. Change a few jumpers and your
machine is now a 16K model. Cost - about £100.

Other hardware items are planned but there are no
firm dates or UK prices fixed yet though we do have
some US prices from which we can make an educated +
or - 10% guess.
1. SCREEN PRINTER reproduces anything displayed on
the screen including graphics at 2200 chars. /sec (price

about £480)
2. LINE PRINTER 110 chars. / sec,5x7 dot matrix com-
mercial standard impact printer (price about £1000)
3. MINI DISK of which the TRS-80 can operate 4. 80K
bytes per disc. 1 25K bytes per sec transfer rate. 1/2 sec
average access time (price each about £400)

We were not as impressed with the TRS-80 as some
of the other machines in this price bracket we have
looked at. Lack of hardware access, and software which
is primitive, combined to make it a less attractive product
to anybody with even a little experience in home (or for
that matter any) computers.

The Level II BASIC would make the machine a far
more attractive proposition than at present and even
with the additional £79, still an attractive choice on the
grounds of cost.

The end result is that if you're in the market for a
machine like this you should look very carefully at what
you need and what you can get for the money.

During the review it was discovered that it was pos-
sible to get 32 characters to the line from the display (fat
letters) by recording a string onto tape as a data file and
then CLOADing this as a program. Sometimes using
this method you lose some of the facilities of the TRS-80
and have to remove the power to restore them. (This is a
standard facility of level 2 BASIC by the way).

Anyone for a users club? ETI
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15-240 Watts!
HY5
Preamplifier

HY30
15 Watts into 80

HY50
25 Watts irito 80

HY120
60 Watts into 80

HY400
240 Watts into 40

POWER

SUPPLIES

The HY5 is a mono hybrid amplifier ideally suitedfor all applications All common input functions
(mag Cartridge tuner etc ) are catered for internally. the desired function is achieved either by a
multi -way switch or direct connection to the appropriate pins The internal volume and tone circuits
merely require oonnectingto external potentiometers (not included) The HY5 is compatible with all
I L P power amplifiers and power supplies To ease construction and mounting a P C connector is
supplied with each pre -amplifier
FEATURES: Complete pre -amplifier in single pack - Multi -function equalization -- Low noise -- Low
distortion -- High overload two simply combined for stereo
APPLICATIONS: Hi-Fi Mixers -- Disco Guitar and Organ -- Public address
SPECIFICATIONS:
INPUTS Magnetic Pick-up3mV Ceramic Pick-up 30mV Tuner 100ntiV Microphone 10mV-
Auxiliary 3-100mV: input impedance 47k0 at 1kHz
OUTPUTS Tape 100mV Main output 500mV R M S
(ACTIVE TONE CONTROLS Treble - 12dB at 10kHz: Bass - at 100Hz
DISTORTION 0 1% at 1kHz. Signal /Noise Ratio 68dB
OVERLOAD 38dB nil Magnetic Pick-up SUPPLY VOLTAGE - 16 50V
.Price £5.22 + 65p VAT P&P free
HY5 mounting board B1 48p + 6p VAT P&P free.

The HY30 is an exciting New kit from I L P it features a virtually indestructible I C with short circuit
and thermal protection. The kit consists of I C.. heatsink, P C board 4 resistors, 6 capacitors.
mounting kit, together with easy to follow construction and operating instructions This amplifier is
ideally suited to the beginner in audio who wishes to use the most up-to-date technology available
FEATURES: Complete kit - Low Distortion -- Short Open and Thermal Protection -- Easy to Build
APPLiCATIONS: Updating audio equipment -- Guitar practice amplifier Test amplifier -- Audio
oscillainr
SPECIFICATIONS:
OUTPUT POWER 15W R M S into 8t) DISTORTION 0 1% at 1 5W
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10E-17-16kHz -- 3dB
SUPPLY VOLTAGE tt- 180
Price £5.22 + 65p VAT P&P free.

The HY50 leads I L P -s total integration approach to power amplifier design The amplifier features an
integral heatsmk together with the simplicity of no external components During the past three years
the amplifier has been refined to the extent that it must be one of the most reliable and robust High
Fidelity modules in the World
FEATURES: Low Distortion -- Integral Heatsink -- Only five connections - 7 Amp output transistors
- No external components

APPLICATIONS: Medium Power Hi-Fi systems -- Low power disco -- Guitar amplifier
SPECIFICATIONS: INPUT SENSITIVITY 500mV
OUTPUT POWER 25W RMS in 8t) LOAD IMPEDANCE 4.16i) DISTORTION 0 04% at 25W at
1 kHz
SIGNAL/ NOISE RATIO 75dB FREQUENCY RESPONSE 10/-17-45kHz - 3dB
SUPPLY VOLTAGE 25V SIZE 105 50 25mm
Price £6.82 + 85p VAT P&P free

The HY120 is the baby of I L P 's new high power range designed to meet the most exacting
requirements including load line and thermal protection this amplifier sets a new standard in modular
design
FEATURES: Very low distortion Integral Heatsink -- Load line protection - Thermal protection --
Five connections -- No external components
APPLICATIONS: Hi-Fi -- High quality disco Public address -- Monitor amplifier -- Guitar and
organ
SPECIFICATIONS:
INPUT SENSITIVITY 500mV
OUTPUT POWER 60W RMS into 80 LOAD IMPEDANCE .4-16t) DISTORTION 0 04% at ROW at
1 kHz
SIGNAL/NOISE RATIO 90dB. FREQUENCY RESPONSE 10Hz-4,5kHz -3dB. SUPPLY VOLTAGE
-I- 35V.
Size 114 x 50 x 85mm.
Price £15.84 + £1.27 VAT P&P free.

HY200 The HY200 now improved to give an output of 120 Watts has been designed to stand the most
rugged conditions such as disco or group while still retaining true Hi-Fi perfornianCe
FEATURES: Thermal shutdown Very low distortion -- Loadiline protection - Integral Heatsink --

120 Watts into 8Q APPLICATIONS: -- Disco - Monitor - Power Slave -- Industrial Public address
No external components.'

SPECIFICATIONS:
INPUT SENSITIVITY 500mV
OUTPUT POWER 120W RMS into 80 LOAD IMPEDANCE 4-160 DISTORTION 0 05% at 100W at
1 kHz
SIGNAL/ NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kHz -- 3dB SUPPLY VOLTAGE
- 45V
SIZE 114 x 100 x 85mm
Price £23.32 + E1.87 VAT P&P free.

-The HY400 is I.L.P 's "Big Daddy" Of the range prOducing 240W into 401 It has been designed for'
high !lower disco or public address appecations If the amplifier is to be used at continuous high power'
levels a cooling fan is recommended The amplifier includes all the qualities of the rest of the family to
lead the market as a true high power hi -fidelity, wer module

FEATURES: Thermal shutdotren - Very low distortion - Load line protection -- No external
components
APPLICATIONS: Public address Disco -- Power slave -- Industrial
SPECIFICATIONS:
OUTPUT POWER 240W RMS into 4t-) LOAD IMPEDANCE 4-16t) DISTORTION 0 1% at 240W at.
1 kHz
SIGNAL / NOISE RATIO 94dB FREQUENCY RESPONSE 1OHz-45kHz 3d8 SUPPLY VOLTAGE
-45V
INPUT SENSITIVITY 500mV SIZE 114 x 100 x 85mm
Price £32.17 + £2.57 VAT P&P free.

PSU36 suitable for two HY30 s E5.22 plus 65p VAT P P free
PSU5() suitable for two HY50 a E5.52 plus 85p VAT P P bee
PSU 70 suitable for 2 HY 120 s E73.75 plus II 10 VAT P P free
PSU90 suitable for one HY200 [12.65 plus 1.1 01 VAT P P tree
PSU180 suitable for two HY2000 s or one HY400 E23.10 plus I 1 85 VAt P P bee

tiTA$. ",

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS

I.L.P. Electronics Ltd. Please Supply

Crossland House Total Purchase Price
I Enclose Cheque D Postal Orders El Money Order D

Nackington. Canterbury Please debit my Access account El Barclaycard account Li
Kent CT4 7AD Account number

Tel. (0227) 64723 Name & Address
Signature
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Beginners Guide to Electronics £2.65
Beginners Guide to Transistors Reddihough £2.55
Electronic Measurement Simplified c Hallmark 0.20
Electronics Self Taught Ashe £4.40
Beginners Guide to Integrated Circuits Sinclair £3.15
Principles of Transistor Circuits S. Amos £4.75
Understanding Electronic Circuits sinda.r E4.10
Understanding Electronic Components Sinclair £4.10
Beginners Guide to Radio King £3.15
Beginners Guide to Audio sindair£3.in
Beginners Guide to Audio L R Sinclair £3.20

COOKBOOKS
TV Typewriters Cookbook £7.40
CMOS Cookbook £8.00
TTL Cookbook £7.55
Active Filters £11.00
IC Timer Cookbook £7.50
IC Op -Amp Cookbook £9.40

APPLICATIONS
Advanced Applications for Pocket Calculators J. Gilbert £4.20
Build Your Own Working Robot D. Heileman E3.35
Electronics and Photography R. Brown £2.30
Fire and Theft Security Systems B. weir £2.00
How To Build Proximity Detectors and Metal Locators J. Shields £3.35
How To Build Electronics Kits c.pei £2.10
Linear Integrated Circuit Applications G. Clayton £5.00
Function Circuits Design & Applications Burr Brown £15.95
110 Electronic Alarm Projects R. M. Marston £3.45
110 Semiconductor Projects for the Home Constructor R. M. Marston £2.95
110 Integrated Circuit Projects for the Home Constructor R. M. Marston £325
110 Thyristor Projects Using SCRs R. M. Marston £2.95
Handbook of IC Circuit Projects Ashe £2.30
Practical Electronic Project Building Ainslie and Colwell £2.45
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Audio Handbook G King £6.50
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How To Build Speaker Enclosures Badmaieff £3.10
Master Hi-Fi Installation King £2.80
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Logic Design Projects Using Standard ICs J. Wakerly £5.10
Practical Digital Design Using ICs J. Greenfield £12.50
Designing With TTL Intergrated Circuits Texas Instruments £9.05
How To Use IC Circuit Logic Elements J. Streater £3.65
110 COSMOS Digital IC Projects for the Home Constructor R. M Marston £320
Understanding CMOS Integrated Circuits R. Melen £3.90
Digital Electronic Circuits and Systems R. M. Morris £3.50
MOS DIGITAL ICs G. Flynn £4.60

-COMPUTING
Microprocessors and Microcomputers B. Sowick £18.00
Microprocessor/ Microprogramming Handbook B. Ward £4.10
Microprocessors D. C. McGlynn £8.40
Introduction to Microprocessors Aspinall £5.90
Modem Guide to Digital Logic (Processors, Memories and Interfaces) £4.30
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Applications of Operational Amplifiers Graeme (Burr Brown) £8.30

Designing With Operational Amplifiers Burr Brown £13.75
Experiments With Operational Amplifiers Clayton £3.40
110 Operational Amplifier Projects for the Home Constructor K M. Marston £2.95
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Op -Amp Circuit Design & Applications Carr £4.00
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sent to: ETI Book Service, PO Box 79, Maidenhead, Berks
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Build It Book of Minature Test Instruments a Ha sliand £3.55
The Oscilloscope In Use s.nda,, £3.10
Test Instruments for Electronics M. Clifford £2.40
Working With the Oscilloscope A. Saunders £1.95
Servicing With the Oscilloscope G King £5.60
Radio Television and Audio Test Instruments King £5.90

-SERVICING
Electronic Fault Diagnosis suncLur £3.20
Rapid Servicing of Transistor Equipment c. King £2.95
Tape Recorder servicing Manual Gardner Vol 1: 1968-70 E8.50

Vol 2: 1971-74 £8.50
FM Radio Servicing Handbook King £4.80
Basic Electronic Test Procedures L M. Gottlieb £2.45

EmCOMMUNICATIONS
Communication Systems Intro To Signals & Noise B. Carlson £7.50
Digital Signal Processing Theory & Applications L. R Rabiner £23.80
Electronic Communication Systems G. Kennedy E8.50
Frequency Synthesis. Theory & Design Mannassewitsch £20.40
Principles of Communication Systems H Taub £8.10

limITHEORY
Introduction to Digital Filtering Bogner £9.40

Transistor Circuit Design Texas Instruments £9.35
Essential Formulae for Electrical and Electronic Engineers N M. Morris £1.65
Modern Electronic Maths Clifford £6.70
Semiconductor Circuit Elements T. D Towers £6.40
Foundations of Wireless Electronics M. C Scroggie £4.45
Colour Television Theory Hudson £6.20

REFERENC E
Transistor Tabelle (Includes physical dimensions) E4.10
Electronic Engineers Reference Book (Ed. 4) L W. Turner £27.70
Solid State Circuit Guide Book a. Ward £225

. Electronic Components M. A. Colwell £2.45
Electronic Diagrams M. A. Colwell £2.45
Indexed Guide to Modern Electronic Circuits Goodman £2.30
International Transistor Selector T. D. Towers £5.25
International FET Selector T. D. Towers £4.35
Popular Valve/Transistor Substitution Guide £225
Radio Valve and Semiconductor Data A. M. Bell £2.60
Master Transistor/Integrated Circuit Substitution Handbook £5.60
World Radio TV Handbook 1978 (Station Directory) £8.00
Radio, TV and Audio Technical Reference Amos £24.85
TV Technicians Bench Manual (New Ed.) Wilding £5.10

MISCELLANEOUS
Integrated Electronics J Milman £7.70
Microelectronics Hallmark £3.90
Practical Solid State DC Supplies T D Towers £620
Practical Triac/SCR Projects for the Experimenter R Fox E2.25
Printed Circuit Assembly Hughes & Colwell £2.45

Fallen behind recent advances?
Just starting out?
Need a decent reference book?
ETI Book Service provides an easy
way of getting your hands
on the right title.

rvice. Payment in sterling only please. Orders should be
. All prices include P&P.
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PROJECT

MUSIC
SYNTHESIZER

PART 2 -CONSTRUCTION
In this concluding part of
the article we cover the
assembly procedure for
this compact design.

DESPITE the high complexity of this
project, its construction should pose
no electronic problems to the com-
petent hobbyist. As with any synthes-
iser however, fitting the keyboard and
its associated mechanics will prove
the most onerous task.

Getting Board
Since you have to start somewhere,
the PCBs are the obvious place. There
are five boards all together; power
supply, keyboard contact mounting
(X3) and main synthesiser. The key-
board we will deal with later.

Above: the finished article all set to be
played. This prototype was assembled
using the Powertran Electronics kit,
which includes the woodwork. Below: an
internal view showing the alignment of
PCB and keyboard. Note very carefully
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the relation of the two as there is not
much space to spare. As you can see from
this photo, we used IC sockets on all
devices as it makes things so much easier
if anything untoward should occur.

Assembly of the PSU board is very
,straightforward, but take care fitting
the heatsinks to Q1 and Q3. Wire up
the board to the transformer, and
check that you can obtain the correct
voltages at the output. Adjust RV1
until + 1 2V is obtained on the red
output wire.

Set to as close + 1 2V as you can
possibly measure. Check that an
accurate -12V is present on the blue
output wire. The power supply is now
complete.

Main Line
For the main assembly we're going to
assume that you're using the Power-
tran board. Fitting the components to
this is straightforward with the excep-
tion of the switches and pots.

In order to line up the switches
with the front panel and pots, it is
necessary to space these from the
board - the kit contains suitable
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spacers for this purpose. Non -kit
types have to work out the height of
their front panels from the board and
act accordingly. The switch toggles
must come level with the pot spindles,
when cut to take the control knobs.

In either event glue the spacer to
the board - use some powerful
adhesive such as Super -Glue etc.

Cut the pot spindles before you fix
them to the PCB: it's just too big to
handle and too expensive to crack.
The terminals should be top soldered
onto the board, as should the chiripins
used to mate up with the connector.
Take care the solder does not run
down the pins, else the plug may not
fit at all.

Use insulated wire to link the dual
gang pot RV30 and the waveform
switch to the board. The PCB cannot
be mounted into place until the align-
ment procedures have been carried
out, so there is no excuse for not
checking the assembly very carefully
indeed, especially the IC orientation
and soldering quality. This is a BIG
board which means there is more
space to be careless -check it!

Powerfull Mount
Following the rear panel wiring
diagram, fit the hardware onto the
case, taking care to mount the trans-
former as low down-away from the
main PCB-as possible. This will
lessen the chance of hum being in-
duced into the circuit.

Insulate the mains wiring wherever
possible, and take careful note of the
earth wiring arrangements-lest the
demon hum return to plague thee!
Anything with mains voltage on
should have a rubber sleeve over it.

The photograph shows the
arrangement of PSU and transformer
on the back panel.

4BA
SCREW

PLAIN WASHER

KEYBOARD

- -4
ADJUST THIS HEIGH!' SO THAT
THE KEYBOARD DOES NOT COME
INTO CONTACT WITH THE FRONT
PANEL. IF NECESSARY COUNTER-
SINK THE WOODWORK BENEATH
THE 48A SCREWS IF THERE IS TOO
MUCH GAP

Above: close up of the PSU board moun-
ting within the case. Positioning the
transformer is important to reduce the
risk of hum. Mount this as low down,
away from the board, as possible. In the
foreground the resistor chain for the
keyboard can be seen. Below: overall

Keyed Up?
Now for the tricky bit. The key-
board. This has to be mounted in the
casing first. For this the front panel
should be in position. Fix the brackets
to the ends of the keyboard assembly,
and lower it into place. Follow the
diagram below to adjust the spacing
at either end of the keyboard. If the

PS06
KEYBOARD
BRACKET

WOOD SCREW

It

ADJUST THIS GA SO THAT IT IS
THE SAME AT El IIER END OF THE
KEYBOARD
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SHAKE PROOF
WASHER

view of the machine, to give an idea of
what goes where in the box. Note the
three Chin connectors which fit onto the
PCB on the end of these wires snaking
across the photo. The black area to the
front is the line of keyboard contact
blocks.

gap is more than 0.1", the woodwork
underneath the fixing screws will
need countersinking.

Set the gap between the black
notes and the front panel as shown.

Once the alignment is correct,
screw the brackets into the wood-
work.

FRONPANEL

111111111111---1
ADJUST POST TION_..

On the left is the diagram you'll need to
line up the keyboard assembly with the
casing and front panel. Follow this as
carefully as you can, as if the keys are not
in the right places, the contact blocks will
not line up with the plungers, and the
keys themselves will probably foul the
front panel. Above is shown the align-
ment of keys and panel.
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PROJECT: Synthesizer

lL L OUT
CORREEND IIESISITOR NOTE RESISTOR OF p,

MrAM$1;:

1-01, kNU 01
F

Onto the contacts. Fit and solder
the 27R4 resistors to the three PCBs
as shown on the diagram above. One
will be full with 12 resistors and the
other two have eleven each, one mis-
sing at the right end on one PCB, and
one missing at the left end of the
other. (There are two resistors left
over at this stage.)

Close Contacts Of The Key Kind
Solder in the contact assemblies,
but make very sure that right angles
exist between the block and the PCB.
This is important. Graph paper may
help in lining up.

Leave out a contact block where
the resistors are omitted the diagram
may help.

ELECTRONICS TODAY INTERNATIONAL

NOTE RESISTOR

It

All three PCBs are wired together
as shown in the keyboard wiring dia-
gram taking care to place the 'gaps'
correctly. Get the spacing correct by
lining up the contact blocks with the
keyboard plungers. Note the
positioning of those two spare resis-
tors.

Sand down one side of the contact
strip, and lay some contact adhesive
all over it, and the same with the
soldered -in contact blocks. Make very
sure that before you affix the strip
onto the blocks that you have lined it
up properly, as once the glue gets
hold you've had it.

The contact blocks are very deli-
cate, so handle them carefully, and
don't touch the wires with your

- AUGUST 1978

Contact blocks and resistors and where to
put 'em. Follow the drawing above to fit
the block to the PCB, and then line up the
angle as shown below. On the lower left
is the keyboard wiring diagram which
shows the connecting together of the
boards and the placing of the two spare
resistors. The photograph shows what it
all looks alike when you've finished.

fingers. If you do you'll leave a de-
posit behind which may well cause
malfunction. When satisfied that the
assembly is O.K. position it over the
plungers, and screw it down to the
metalwork. Check that every plunger
operates a contact, and that both
contacts in each block operate when
the key is depressed.

Keyboard completed - wasn't
that bad after all (was it?)

The contact assembly for the key-
board should be the -last thing you fit
into place before wiring up all the
boards as per the interconnection and
wiring diagrams. With this in place fit
the base plate.

470.



Alignment is best carried out with
the front panel removed, and the
PCBs fixed in. Before commencing
alignment though, check everything
very carefully.

When attaching the front panel to
the machine, check that it does not
foul the keyboard, and that the gap
between it and the woodwork is the
same at either end.

Alignment
This will be dealt with in sections.
To aid setting up and alignment proc-
edures, test point waveforms are
given for important nodes throughout
the design.

VCO Alignment
There are several pitch controls for the
VCO. All control voltages are injected
via large resistors and are thus suitaby
attenuated. The pitch bend pot uses a
couple of diodes to produce a dead
zone in the middle of its motion. This
control voltage is then fed in via a
180k resistor and mixed with all the
other control voltages.

Pitch Spread
The keyboard sample and hold pro-
duces 830mV /octave. This has to be
attenuated to 18mV to produce
octaves. To do this, a resistor of 46k
is required. R31 and RV3 consti-
tutes a variable resistor (39k2 to
49k2) that should enable the key-
board pitch spread to be aligned.

Turn RV6, 7, 8, 9 fully anticlock-
wise. Put the transpose switch in its
central position. Set RV5, 4 to their
central position. Play the top note on
the keyboard and measure its
frequency, using a scope or a

frequency meter, or maybe if you are
a musician just listen to it! Now play a '
note one octave below it and adjust
RV3 until the interval is one octave
below it and adjust RV3 until the in-
ternal is one octave. Recheck the top
note and then try the tracking for two
or three octaves down, making any
necessary adjustments to RV3. Note
that the top note on the keyboard is
not affected by RV3 adjustments.
Now put the transpose switch to + 2
octaves and adjust RV12 for a 2 octave
increase. Then switch to -2 octaves
and adjust RV13 for a 2 octave
decrease.

VCO Shape Modulation
1C14, 13, 15 is the VCO shape
modulation circuitry. IC14 is a half
wave rectifier, and is used to sum
together the manual shape voltage

48

1C32
PIN 6

IC33
PIN 6

JUNCTION OF
R119, 9120

IC 12
PIN 7

c\f
0V

.5V

-5V

13/
TV

1CV

JUNCTION OF
R50,R51,053
SET RV1S &RV32
CLOCKWISE

RV11 WILL MOVE THIS
WAVEFORM UP AND DOWN

TURN RV9 FULLY
CLOCKWISE

SLOW OSCILLATOR
CLIPPED

OV

-101/

. POSITION OF
RAMP

10V

CW RV9 -10V

4111=11k. 12V

RESET PULSE 0.065 WIDE .5V43

DIFFICULT TO SEE UNLESS
VCO IS SET AT 10kHz IC11

PIN 6 //)111111111(// OV

IC13
PIN 6

JUNCTION OF
R57,R59

.0.5V

-0.5V
SQUARE WAVE OUTPUT
RV11 & RV10 SHOULD
VARY THE MARK SPACE
RATIO

\\\
OV

WITH RV11 & RVIO
ANTICLOCKWISE

-4V

JUNCTION OF .1V1
1357,R59 WITH RVI1

CLOCKWISE
OV

IC11
PIN 6

IC12
PIN 3
09
PIN 13
IC10
PIN 6
09
PIN 9

FREOUENCY MODULATED
OUTPUT

+5V43

/RAMP WAVEFORM
OV

+5V43 DC

-0.6V DC

-0.6V DC

+80rnV TO -130rr1V
CONTROLLED BY
VCO PITCH CONTROLS

Above: test point waveforms and voltage measurements for the VCO circuit of the
synthesiser. Readings should be taken with as high an impedance meter as possible.

(RV14), and the sine wave voltage
from the slow oscillator. The output
from this circuit is limited to a range of
0 V to about -10 V. As the manual
shape pot is rotated clockwise the
waveform at the junction of R57, R59
will change from a ramp into a

triangle, this being due to the full
wave rectification. With RV14 fully
clockwise and RV15 anticlockwise
adjust RV15 so that the waveform is a
symmetrical triangle.

The last shape generator is a

fast comparator. The ramp waveform
plus the modulation voltage are fed
into the comparator input. The
modulation voltage shifts the DC level
of the ramp and in doing so the com-
parator levels change resulting in a
varying markspace ratio output, IC15
pin 6. The diodes limit the voltage
excursion to about ± 0.5 V.

Set the VCO to + 2 octaves, tune
the keyboard high and play the high-
est note. Now set RV10 anticlock-
wise, RV14 clockwise and monitor

the squarewave output, IC13 pin 6.
Adjust RV1 1 until a very thin pulse is
generated. Rotate RV14 anticlock-
wise and the markspace ratio will
revert to 1 to 1. Now set RV14 to 5 on
the dial and slowly rotate RV15. The
markspace ratio will be modulated at
the speed of the slow oscillator.

There may be some problems with
control breakthrough in the VCA but
this can be minimised with a preset
adjustment, RV22. Turn the VCO and
noise levels to 0. Make sure that the
filter is not oscillating. Put the ADSR
on a fast repeat with fast attack and
decay and no sustain level. Set the
BY-PASS switch to ADSR and look at
the synthesiser output. There will
probably be some control break
through caused by the ADSR, which
will sound like a series of thumps. By,
adjusting RV22 a minimum in the
thump level will be found. Just like
the 3080s in the VCF, best perfor-
mance can be obtained by carefully
selecting IC22.
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PROJECT :Synthesizer

PARTS LIST

RESISTORS (all 1/4W 5% unless stated)

R1, 18, 55, 58, 120, 127
R2, 8. 43
R3, 49, 133
R4, 7
R5, 37, 38
R6, 83, 96
R9
R10, 80, 81
R11, 78, 61
R12, 16, 22, 23, 70
R13, 84
R14, 27, 48, 60, 69, 136
R15
R17, 28, 29
R19, 51, 56, 64, 75, 77, 79,

89, 90, 93-95, 97, 101.
103-108, 122, 128, 137

R20
R21, 57, 102, 114, 119, 132
R24, 30, 47, 86, 118, 121.

126, 131 134
R25, 36, 59, 85, 87, 88, 91,

109, 113 115-117
R26, 35, 39, 82, 92, 98,

100, 135
R31, 65
R32
R33, 66
R34
R39
R40, 62, 138
R41
R42, 74
R44
R45
R46
R50, 130
R52
R53, 54
R63, 71
R67
R68
R72, 73, 110
R99
R111
R112,123
R124
R125
R129
Keyboard chain (37 off)

POTENTIOMETERS
RV1 3
RV2, 23-27
RV4, 5, 15, 21
RV6-10, 14, 17,
RV11 22 28
RV12, 13
RV16, 32
RV19, 33
RV20
RV30 31

4k7
10k
12k
383
6k8
1k0
4k75
68OR
27k
39k
100R
220k
1k5
10M
100k

470k
22k
47k

10k

1 MO

39k2
680k
1308
8708
1M
56k
470R
1 5k
12k1
2k7
309k
150k
120k
7k5
390R
8208
15k
2k2
3k9
390k
82k
330R
8k2
68k
27R4

10k
1M
100k

18, 28, 29 10k
100k
50k
100k
10k
10k
10k

(1%)

(RTC)
(0.5%)
(2%)

(1%)

(0.5%)

(RTC)

(0.5%)

cermet
log
lin
lin
lin preset
cermet
log
log
lin preset
lin (ganged)

C11, 14, 15, 17
C12, 19-21, 35, 36, 31, 48
C13
C16, 28, 33, 46
C22,44
C23
C24
C25, 41, 42, 47
C39,40

SEMICONDUCTORS

IC1
1C2, 3-5, 7, 8, 10, 14, 15, 18,

21, 29, 31-33
IC6, 9, 11, 17, 20, 30
IC12
IC13
IC16, 19, 22
IC25, 26
IC27, 28
IC34
IC35
Q1
Q2
Q3
Q4, 5
Q6, 13, 15, 20-22
Q7, 9, 10, 12
Q8
Q11, 14, 16-19
D1-37
ZD1
ZD2, 4
ZD3
BR1

SWITCHES

SW1
SW2, 3 6, 8, 9
SW4
SW5,7,10
changeover

CAPACITORS
C1, 2, 10, 18, 26, 27, 29, 30, 32, 34

43,45 100n
C3,4 1000u
C5, 7, 8, 37 2u2
C6 330p
C9 1u0

22n
10n
330n
1n0
3n3
22p
5p0
1u0
100u

polyester
25V electrolytic
25V tantalum
polystrene
25V electrolytic
polyester
polyester
polystyrene
polystyrene
polystyrene
ceramic
ceramic
25V tantalum
25V electrolytic

uA 723C

741
CA 3140
LM311
748
CA3080
CD 4001
CD 4016
CD 4030
CD 4006
TIP 29A
BC 213
TIP 30A
BF 244C
BC 182
CA 3046
2N 4859
BC 212
1N 4148
4V7
5V6
3V3
RS 261 772

(2 off)

400mW
400mW
400mW
(1A at 400V)

DPDT 250V AC
single pole slide changeover
1 pole (2 way) rotary
double pole slide

MISCELLANEOUS
Five 1/4.. mono jack sockets, one 1/4 stereo jack socket (all
panel mounting), 37 note keyboard with contact blocks,
woodwork and case to suit, PCBs, three core mains lead, knobs
to suit, 0A5 fuse with holder, 240V to 15-0-15V at 200mA
transformer, three five -pin Chiri connectors, eight spacing
blocks for switches, one foot pedal unit with cable (optional),
grommets.

VCF Alignment

The VCF pitch spread should be set up
as follows. Turn off RV1 6 and RV33.
Switch the filter 'CONTROL' to KB,
the 'RESONANCE' to 'OSC' and the
'AD SWEEP' to 0. Play the top note on

ELECTRONICS TODAY INTERNATIONAL

the keyboard and adjust the
'FREQUENCY' pot to give a 1kHz
sinewave output. Now play a note,
one octave below the top note and
adjust the present RV20 for a one
octave decrease. Check the lower
octaves making any necessary adjust-
ments to RV20.

- AUGUST 1978

Turn the Resonance pot anticlock-
wise until the filter stops oscillating.
Turn up the VCO level and insert a
ramp waveform at a frequency of
about 100Hz. Now switch the VCF
'Control' to RANDOM. The tone of the
filtered signal Should now vary ran-
domly.
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Main overlay for the
Transcendent 2000 syn-
thesiser design. As you
may notice only a little
over half the board is
shown here. The other
half you'll find over the
page.

The reason for this is
simply that with a PCB of
this size our pages are too
small to hold the diagram
and still have it readable.

Foil patterns are not
shown here, and the PCB
is available from Power-
tran - see BUYLINES for
details.

The two sets of con-
tacts shown are mated
with the Chid connectors
from the back panel
wiring. Make sure the
pins are straight, and that
no solder has run down
from the board, or the
plug will not fit properly.

On the lower right is
shown the PSU board
overlay. Note that Q3 and
01 require to be heat-
sinked for correct opera-
tion.

Both the boards should
be checked very carefully
during assembly, and
make sure you use the
switch spacers on the
main PCB. Cut the pot
spindles before mounting
them.

Problems?

P1:1.9 )
)

( s )

P i, )

Any problems in the VCF circuitry are
likely to emanate from ICI 6 or ICI 9.
If there are any large input offset vol-
tages or current mirror imbalances or
output leakage currents, then these
will degrade the VCF performance.
What will probably occur is that there
will be a large DC offset voltage on the
outputs that varies as the resonant

(frequency varies. This may cause
severe signal dipping at certain
frequencies and will only be cured by
replacing the errant 3080.

The filter has two outputs, a band-
pass and a lowpass. The signal
volume will generally be less from the,
bandpass output because this output

50

\-7
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N.J

attenuates all but the harmonics that
lie close to its own resonant
frequency, whereas the lowpass out-
put has a flat response area which
extends from somewhere just below
resonance down towards low
frequencies, and harmonics in this
region are not affected.

Sweeping Statement
The 'synthesiser sound' is generated
by sweeping the VCF resonant
frequency with an AD waveform. This
sweep voltage is variable in both
depth and direction. The sweep pot is
a dual pot; on one of its tracks there is

an AD waveform at one end and the
inverse at the other. Thus the wiper

(
9

990

9

C

s -r

( C )

will pan from a sweep going upwards
to one going downwards. Two diodes
provide a dead zone in the middle so
that a pot position of No Sweep can be
easily found. The second track on the
AD sweep pot is used to provide a
compensating DC level shift so that
the frequency pot doesn't need to be
retuned when the AD sweep depth is
altered.

ADSR Alignment
Set up the VCO and VCF so that a
ramp waveform at 500 Hz is
presented to the VCA. Turn the
RELEASE pot fully clockwise and put
the BYPASS switch in the ADSR
position. Listen to the VCA output
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and adjust RV28 so that the signal
only just disappears. Now you can
play the keyboard and experiment
with different sounding envelopes.

This completes the alignment proced-
ures for the design, and the front
panel can now be fitted over the main
PCB and the control knobs added.

Take care with the panel and key-
board positioning. See the diagrams
where applicable.

Program Sheets
Once your machine is up and run-
ning, you will find that if you use it
frequently, some method of recording
various settings would be useful. This
gives the ability to return to a particu-
lar sound very quickly and can be
particularly useful in stage work.

As an aid to usage ETI is making
available Program Sheets for the
Transcendent 2000. These allow all
control settings to be recorded for any
configuration, and each sheet will
record three completely independent
sound settings. These cost 50p for
six, including postage, from our 25-
27 Oxford Street address. Mark the
envelope "2000 Program Sheets".

Clearing Points
Play testing since last month's
article has shown that the synthesiser
works better if (numbers referred to
circuit diagrams and overlay) C17 is
changed in value to 4n7, as this in-
creases the NPD sensitivity and C9 is
removed entirely from the circuit, this
preventing 'clicking' which
sometimes arose upon operation of
the keyboard.

Two minor gremlins to be laid to
rest. Last month we gave (on the
circuit) the circuit reference for the
Transpose switch as SW3. It should
be SW5. Also the undesignated KB/
Noise switch is in fact SW10. Eli

VCF EXT VC EXT GATE VCF LOW NIGH
FOOTPEDAL IN IN AUDIO IN OUT OUT

22 SVVG
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CHIRI C ONNECTOR
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PROGRAM SI-EET
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4
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. _

-).,it, -*it-,.

.-- -

VOA=

. ..

,,-

011V1.11.

..,
- -.,. ..,,,.-t-. ,t
...... ...._

IJSI HOLM
COWER StNi CFI

,IRA NUT AND
SHAKE PROOF WASUER

By

EXT GATE IN

FOOT PEDAL

VCF AUDIO IN

E XT VC IN

CSII ROANE,

TRANSFORMER

TYE RAP POST

 PUT RUBBER SLEEVING
OVER ALL MAINS CONNECTIONS
AND SPARE LIVE TERMINALS

.12v

DV

CONNEC

RED

BLUE

HIGH

Above: back panel wiring diagram. The connectors attach to the
main PCB as shown on the overlay. The mains switch supplied
with the kit contains a neon and the wiring takes account of this.
If you use a different type of switch, the wiring will be different.
Below: an example of the program sheets for the Transcendent
2000. These are used by simply marking on the settings for each
control.

BUYLINES

A complete set of parts for this pro-
ject, including all woodwork, metal-
work, nuts and bolts, PCBs and com-
ponents will be available from Power-
tran Electronics.

The machine used to illustrate this
article was assembled using this kit,
and constructional details will be
based upon it. Kits will only be avail-
able from Powertran, as will the PCB.
Because the design is based upon a
single board construction, we cannot

SLEEVING

offer advice to people wishing to
modify the synthesiser to a 'modular'
form.

The price of the complete kit, in-
cluding keyboard, will be El 86.50 +
VAT. However, if you're quick and put
in your order before July 30th you can
take advantage of an introductory
offer at an even lower price of El 72 +
VAT.
Powertran Electronics, Portway In-
dustrial Estate, Andover, Hants.
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THE SHUTTLE

NASA's Shuttle seems to have been hidden in the
wake of the Apollos: although it represents the next
(and very important) step in the colonisation of
space, the details of this dumpy 'space bus' have up
till now been somewhat neglected. We take the
wraps off the Shuttle and show that there's still
plenty of high-technology innovation taking place
in the States.

Stage Lighting Unit
A professional -quality unit suitable for a studio theatre: a
two -master control desk allows the lighting for the next
scene to be set up ready for an instant change -over;
19" -rack modular SCR power handling units allow a
choice of 2.5 kW per channel with easy maintenance
and the capability to drive flourescent lamps without
ballast resistors; a modified control curve gives a sub-
jectively more linear light output response; a minimum -
output control gives extended bulb life. All of these
features have been designed into a unit which, without
technical compromise, is still very cheap indeed
compared to current commercial systems.

FEATURE: Rock Sound
Concert sound systems come in many different sizes,
shapes and forms and we've yet to find two that sound
Identical. So how much do you go about designing a
state-of-the-art system which will stand up to the
rigours of the road? We take a look at the 28 ton (yes,
ton) system used by Abba and Rod Stewart when they
toured Australia last year.

CROSS -HATCH GENERATOR

Setting up a TV set can be a worrying
task. At least with this design you
don't have to worry about test
equipment as well - it produces a
UHF signal for direct insertion into
the aerial socket.

54
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Wheel of Fortune
An electronic roulette wheel - not just another LED dice
unit, but an all -singing, all -dancing sonic and visual wheel
of fortune electronic simulation! Step right this way, folks .

THE MK 14 REVIEWED

At under £50 the Science of Cambridge M K 1 4 microprocessor
evaluation kit must surely be the cheapest on the market -
how good is it?

Features mentioned here arc in
an advanced state of prepara-
tion but circumstances may
affect the final contents.
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ADVANCED

PRODUCTS
COMPUTER

S100 PRODUCTS

LOGOS I 8K STATIC RAM
* Low Power
* Selectable Memory Protect
* Totally Buffered
* Battery Back-up
* Address on 1K boundary
* Requires no front panel
* No wait states

ASSEMBLED & TESTED
250ns. 199.95
450ns. 179.95

KIT
25Ons. 149.95 ad)
450ns. 125.95 Cr

Bare PC Board wtOtta $21.95
Now over 1 year successful field experience
"Special Offer" Buy (4) 8K 450ns. Kits $117.00
ea.

Z -80/Z -80A CPU BOARD
* On board 2708
* Power on jump
* 2708 included (450ns.)
* completely socketed
Assembled and tested $185.00
Kit $129.95
Bare PC Board $ 34.95
* For 4MHz Speed Add $15.00

TDL COMPATIBLE Z-80 CPU
* Compatible to TDL * Can be upgraded
software 8 hardware for 4MHz operation
Assembled and tested $199.95
Kit $139.95
Bare PC Board $ 34.95

THE FIRST TO OFFER PRIME PRODUCTS TO THE HOBBYIST
AT FAIR PRICES NOW LOWERS PRICES EVEN FURTHER!

1. Proven Quality Factory tested products only, no re -tests
or fallouts. Guaranteed money back. We stand behind our products.

2. Same Day Shipment All prepaid orders with cashiers
check, money order or charge card will be shipped same day as received.

SUPPORT DEVICES MICROPROCESSORS STATIC RAM HEADQUARTERS
089511 Non Processor 5195 00 240 921.95
A519517 DMA Controller 71 15 Z4304 29.95
03.19519Universalimerrupt .2495 F413800, 19 95

3881 12130 P101 11.25 28'50 24.95
3881 44 14M1111 1495 001802 1995
38821240 CTCI 11 25 80804 12 95

3582.44MM:I 14 95 SALE MPS 23.65
8205/7/5138 Decoder 2.95 8005.1 14 95

8212 8 tat I/O 3.25 2901 21.95
8214 P000ty181 795 29014 29.96
8215 Bim Dover 3.25 TMS 990041 09 95
8224 Clock Gem 355 CP1500 39 95
8224-4 (OAHU 9 75 8502 19.95

8225 Bus Dn., 3 gg WM 'OD 2995
8528 549 Dnepr 239 89013 19.95
6228 Sr. COM. 693 6802P 32 95
82 38 Sy Coin
am Pros p I/0 171:0 SOCKETS

IMS 16K STATIC RAM
* Memory mapping
* Phantom
* Address 18K Bound
* Use with or w/o front panel
* Power 2.1 amps typ.
* Uses 2114

ASSEMBLED 8 TESTED ONLY
450ns. $439 95 250ns. $495.95

BYTE USER 8K EPROM BOARD
* Power on Jump * Reset Jump
Assembled 8 Tested 94.95
Kit 64.95
Bare Pc Board 21.95
Special Offer: Buy 4 kits only $59 95 witch

NOTE: 2708-6 only $5.95

S-100 32K STATIC RAM
* Address 32K Boundary
* Power 45005. 2.8 amps typ.
* No wait states on 2MHz
* Fully Buffered
* Phantom can be added
*2114/TMS4045 or 9135
ASSEMBLED 8 TESTED KIT
250ns. $849.00 250ns. $790.00
45Ons. $799.00 45Ons. $740.00
Bare PC Board w/Data $59.95
SPECIAL OFFER:
Kit without Memory only $99.95. Add
2114 Memory for $160.00 per 8K

8080A CPU BOARD
S100 compatible with 8 level Vector Interrupt
fully socketed.
Assembled 8 Tested
Kit
Bare PC Board w/data

$149.95
$ 99.95

34.95

TARBELL FLOPPY INTERFACE
* S100 Compatible * Uses CPM
* Jumper Selectable * Persci.Shugartetc
Assembled and tested $269.95
Kit $179.95
Bare PC Board $ 39.95
NOTE: For CPM Add $70.00

Documentation Add $20.00

PARATRONICS LOGIC
ANALYZER KIT
MODEL 100A $219.95
(analyzes any type of digital system)
Trigger Expander Model 10 $229.00

'Baseplate 9 95
Model 10 Manual 415
Model 150 Bus Grabber Kit .. 3f:9 00

DC HAYES DATA COMMUNI-
CATIONS ADAPTER
*Telephone/TVVX * S-100 compatible
57 Bell 103 freq. * Originate 8 answer mode
Assembled 8 Tested $279.95
Bare PC Board w/data $ 49.95

WMC REAL TIME CLOCK
* S100 Compatible
* Two interrupts
* Software programmable
*1MHz Crystal Oscillator
Assembled and tested $179.95
Kit $124.95
Bare PC Board w/data $ 29.95

MICRODESIGN MR -16 2716
EPROM BOARD (MR -8 Also Available

at same price)
* Individual Prom Address
* Uses Low cost 16K TI EPROMS
* Optional 1K RAM * Phantom control
Assembled and Tested 174.95
Kit 99.50

DATABOOKS 1 MANUALS
N5C TTL Data 5 395 MAI 5405/LSI Oat* 3.95 Ma VO4 Meci Data 395
NSC Linear Data Mot Vol 5 CMOS Data 2.95
NSC Linear APP/note I 395 Osborne Intro to Micro LW 0 7.50 Mot Vol 8 Lin., Data 395
1150 Line., APP/note il 395 Osborne Otro lo Micro Vol I 750 Mot Vol 9 WIWI., TTL 295
1150 CMOS Owe 295 Osborne inlro to Micro voi II 750 Mot MPU Aoplicatrons 2500
NSC Audio Data 3 95 Osborne 8080 Proem...16g 750 Mot MPV Prog RN Manual 3.95
NSC Vdt Flog Dem 2 95 Osborne 6800 Propraermag 750 Mot Power DaM 2.95
NSC Memory Data 395 Osborne 280 Programming 7 50 Mot Recut., Data 2.95
NSC MOS7LS1 Dora 395 fl Pow Semis Data 750 Mot Smlybing Tram 2.95
NSC Power Transistors a 95 fl TTL Data 895 Alo, hews 295
intel OatabooL 395 ft Transistors 6 Dodos 650 Basic Soliware SRI Via I 011 24.95
wry MC585 Manua, 7 50 Ti Memo, Data 3 95 Basic Software SRI Vot III 39 95
Intel MCS8O Manuel 7 95 II Owoetecnonci, 395 Base Sotwore SRI Vol 15 or V 995
intim LICS40 Manuel 4 95 11 Linear Data 3.95 Base Software SRI Vol VI 49 95
4130 8080 Hand.. 5 95 11 Brown Memory 3.95 Basic Software SRI VoI 00 39 95
MAO Line., Dam 495 711nierIace Oam 495 1978 IC Master 47 50
AMC Schomou Dale 49, Moro,. Sc". °ma ' 23 995

6800 DESIGNER BOARDS
MODULES PROTO BOARDS

* Motorola Compatible Modules'
MEK 6800 D2 Kit $235.00

49500
175.00
75.00
99.00

250.00
36.00

25o0O
37500
295.00
225.00

9600 6800 MPU Module
9601 16 slot Mother Bd.
9602 16 slot Card Cage
9603 8 slot Mother Bd.
9604 System Power Supply
9610 Prototype Board
9615 4KEprom Module
9620 16 port parallel I/O . ,,
9626 8K Static RAM
9626K 8K Static RAM Kit
9630 Extender Card 60.00
9640 Multiple Tuner Prog . 395.00
9650 8 port Duplex Asyn I/O 395.00
Mot 43/86 Connectors w/w or ,-,/t 5.95
AMI EVK 99' 6800 sub Kit 145.00
AMI EVK 100 Kit 269.95

AMI EVK 200 K.I 449.95
AMI EVK 300 Assembled 649.00
EVK Kluge Board 95.00
EVK 16K Byte Ram Board 75.00
EVK 6 Slot Motherboard 35.00
EVK Extender Board 45.00
EVK Solid Frame Chassis 129.00
EVK Connectors 6.50
AMI 6800 Proto Rom 30.00
AMI 6800 Micro Assembler Rom 30.00
6800 Tiny Basic Paper Tape 20.00
6800 Tiny Basic Eprom 125.00

ZILOG COMPATIBLE BOARDS
2-80 CPU 395.00
2DC Disc Controller 395.00
MEM t6/65K Memory 595.00

825314 Timer 27 95
8255 Prop I/O 11.50
8257 Preq DMA 27 95
8259Py9. lm 2795
8275 CRT Contridier 125 00
8279 Prcq. Keyboerd 19.55
6810-1128.8 F1414 4.75
8820 PIA 795
61528 Rarity Int 11 95
8834.1 512 .8 Eprom 12.95
8850 ACIA 795
6852 Sena, Adapter 9.95
6854/0048505C800071r 39.95
6880 Modem 14 50
6862 ModuNtor 17 50
68714 1051Hr OSC 25 95
2350 USRT 995
6880 Bus Dover 2.39
1821 SCO IN RAM 2500
1822 SCD 256 . 4 RAM 16.95
1824 CD 32 x 8 RAM 995
1852 c06 04 +095
855 895

1857 CD I/0 895
620 PIA s 95
85522 WM 9.95
85304:02 15 50
8530003 15.50
4530004 15.50
6530405 15.50
3851 F8 Rog. Store 14 95
3853 Fe Merrcry1/0 la 95

PROMS
2708

084 5 95
12 95

27
17024 495
'7024.6 3.75
2716.5V 44.95
2716.5y, 1217 24.95
17585V 25.95
520340 11 55
520440 995
6834.1 1295
NI 5610 295
825123 295
825126 4.504
825129 95

8 PM war 32
14 Pin kew 37
115111n we 38
11301nwe 60
20 Pin saw 80
22 lAn win 93
8 Pm 5/T 17

S/T
16 Pin 5/T
18 Pin 5/f
22 Rn S/T
24 Pm ST
28 Pin str
40 Pin SR

CONNECTORS
6 Pm Single S/6
15/300.15/E
18/36 Duet 31
22/44 Dual 5/E
40/80 WPM
43/88 Due WIWISIT
50/100105410/r
50/100 IMSAI 5/1
59/100 Mao W
IMSAI Card GoeMs

20
22
37
38
41
49
63

149
I 95
2.36
296
4.95
8.50
475
4.76

95
4/15 00

25 Pin -0 faileninatura
05258 . 325

Hood. 1.25
SW w/Hood 850

N EW CTS
DIPSWITCHES

1-24 25.95 100
211.02 4500s 1.30 1.25 1 15

21102 250ns 1.59 1 55 1 45
2102 125 115 I10
911024PC 7 75 165 1 50
21111.1 4 70 3.95 3.75
211.1 3 75 395 3.55
211.12.7 4.25 410 395
2112.1 2.95 295 265
21101-1 3.95 375 365
2101.1 290 270 255
2114.3 30Ons 995 975 625
211444507s 995 975 825
0454044 995 975 825
73854045 995 975 825
EMM4200A 12 50 11 95 9.95
EMM4402 795 725 6.25
5101C.E 795 795 7.25
updA10 142001 10 95 10 25 9 25
4.11)9140/4 I 10 95 10 25 9.25
41109130/31 12 95 11 95 10 25
F50.60/464186 CCD Only 61895 Fenn
1101 1 95 7 75. 7 25

P a 125/935025 145 n51 1 95 7 35. I 25

WAVEFORM GENERATORS
8038 FuuCtuau Gan 3 95
MC4024 VCO 245
151568 VCO 75
882206 7 ,1601 Generato. 5 25

CHARGE COUPLED
DEVICES
786 CCD Twat time onward Fairchild 460 CCD
780 Memory Mow you Can expenmeril loth CCO
lectwo1ogy at rewonNal price 17 MO*
App104100 note suppl... each Velar owner.
Umitedl

$18.95 each
(reg. 43.00)

CRYSTALS
Nereproceseer TIntegamoe TV Game

Frequency
1 OMB:
1 8432
20557
2 01Mlia

007152MHz
We also stock full of 7400,

2
2 45785017

74LS, 74L Linear and CMOS 1279N:5M.1
ar9 1 520AlSend for pricing or use our 4 !

competitors STD catalog 5 OMHz
5peeing. 0858

7143807

RAMS DYN.
471816x41 251495
4115 80 1 .95

414 . 1 445
4060 41(  1 . 445
4098 46.1 425
2104 40 al 4.95
2707E64 4101 1 425
5261 1 95
5262 1 95
5270 495
5280 495
1103 1 95
40081 2 95
058401.70 15K e 1 19 05
4027.3 495
110645605 41( 1 95

FLOPPY DISK I/0
1771 I/0 /Toni, 22 95
1771.01 FS Mdul.PP7 35 95
4Pd372 NeC 00008 49 95
1781 Dual 710904 .8995

CHARACTER
GENERATORS
8032513.001 15w Upow 950
R032513.002 (51/1 Lower 10 95
R032513.40113 OW Lower 14 95
5058571 1075
MCM85714 10 75
MC118574 14.50
MC416575 14.50

KEYBOARD
E NCODERS
405.2375 13 75
4733800 1375

UARTS/USRTS
71915028151/ 12V1 395
ATS1013 t5v 12VI 550
Av510,44/1612(5.14171 696
ATS1015471853 15V1 695
TmS 8011 t5y. 550
1.46402 995
P55403 995
2350 USFIT 995
5718 AsIros 24 95

B AUD RATE
GENERATORS
MC14411
4702
4001941

055206.4 31 75 0152084 11.96
0152045 31.75 C5S2094 31 .95
C7S2043-13 SI 75 015209.10 $ 1 95
055207.7 61 75

800 MIOGRANNAIILE
CNANACTEN esraearea
Dm bones, .weanSTARWARS

availebie

5.100 Competible 2MHz 0/I
win obtect code on 79,640C1119

3169.55

N AKED PC BOARD
SALE 5-100
240 CPU OTHAC.41
2.80 CPU (TOL COMP I
80804 CPU
86 &al. Logos
86 Ewan Elvtweer
32 37.10 5.100
7919010 Floppy 110
72441 Cemeite
Vettor 8800 Proto
ACP Prow E1d
ACP Extender vo/conn
Realbme Clock
MAC 13 9201 MOM) 95
5.100 6 Shot Mane. EM
vecior 8803 1 1510 7.1
SSM Video I/O
SW 102 Par.15,11/0

3495
3.95
34.95
2195
21 95
59.95
3995
29.55
19 95
27 95
15 95
34 95
3300
3495
29.95
27 95
27 95

UV "[prom.' [rumor
190.1.71/e1 1 II *SONO
Holds 4 Ewan', at a Wye
fIackee by 45 years UV exPenence
M041.6 5.537 9219.66

Proleepormi Inclustwi Modal

ATTENTION KIN NUNS
L'ia==m

:0.'""m."°
Awn

v.stm taa

644.114.6 raw clU:sr"
1

e our tem1 443
1.11

wawa Wan. Wawa* rex 2, 96

ATTENTION PET MINN
Icre

,o6E0.00.0
P ET Comae,. K. M.o...
=7/4=7.:1":::'  Nr..,

ATTENTION 111114111 warns

il 25 4.14.11111 SOS

eyreernon APPLE II MEM14 959.
TV CHIPS
M45320 IV *limb 7 95
MM5369 Prescaler 395
1.7418759 Modulator 3 95
CW300 Sew function 156
MA457100 CO. TV Game 695
PAMS7104 Dock 3 75
4036500.1 11/ Game 595
4035600 Color 11I Curno 24 95
500356151 Colo. Convener 895
A738700-1 Tank Cho 29 95
Rf NIndirieor. with MANI 8 95

A/D CONVERTERS
WOO lc Posits Ni
8701 07 tat &nary 22 tio
VOW 12 NI 821060 .16 45
8705 121iy 15 4,95
9400 ty , 15
11/S0 1 1, 0614 HU, 1 1,
1113:151 Mull.aux aun 195
14061 n had
14081 741 ,017

TV INTERFACES
Roca.Veirm 850
te- I Vs.Ibme7ain 895

Noy A Irmo TV
20 00

Price
55 85
495
5.85
2.95
5.85
5.85

50
4 95
595
595
4 95
495
595

Frequency Pram
60M-17 9 495
614  95
6.5538 4 95
10 0511-Ir 4 95
130801 4.95
14 31818 495
is 01401z 4.95
18 432611.1. 5.95
20 OMNI 495
22 118411H7 595
270880 595
360807 5.95
41501110 595
1006C 12 95

DISPLAYS/OPTO
DL 7041707/CC/CA 300 1.25
FND359 CC .357 95
FWD 300/507/CC/CA 500 1 35
FND 503/510 CC/CA 500 95
END 800/807 CC/CA 800 2 50
Bowmar 9 Man bubble 99
FSC 5024 4 digriCC 803 495

, 9.95,
TIL 305 5 . 7 Array 450
TIL 306 7 mg w/2090 5.95
TIL 3097 sin .70910 895
711 309 7 seg wnogic 795
TIL 311 HE% Displey 925
MA 1003 12 auto cloth 17 95
7.14 1002 4 auge clock 80000 9 95
MA 1010 4 digit clock MCI. 9.95
71514 373/374 dual CC/CA 300 2.20
NSN 583/584 due CC/CA 500 2.50
04511 783/784 dual CC/CA 700 3.00
4725 Oho Isom./ 110
PACT 2 Ciolo Isoiwar 89
41433 Demngton 1501. 1 75

Red Leda 1135 5/1 00
HP 5073 471 00
HP 5082/7731 7x46 90

MONTHLY SPECIALS, S/T sockeis 1000 pcs +0
5R 5/T %et 1000 cos

22 Pin SIT sockets IMO e$ 12

F30.460/464 181 CCU, 1895
AMD11140C0C Static Ram 10 95
1 '5/416 150 Dynamq Rama 8701000.00
ioa or 1489 RS232 Driver 1 25

81304 1 25
8131 245

8833 or 8535
74357 0 74366
75451/52/53
8126 Bus Driver
78105 8a90410,
NICT2 Optorsowor
25104 Sniff Ream.
25194 Snift Rapper
10145056 SW1 Regrster
LM760N.14 Company,
1:15002504 C1OCR Driver
0500215077 Clock Dryer
8120 &West onesnot
7403AN Shin 1,1,1,1e,
9368

47r1P1)2081,166
TEI 505 122
Cromernco T2
Cromernco SYS III

5'149975 00°' re525 0000

Oa

'23000 126600

SPD'Pert'''''''';':."21'0';2000/001 349 00 362 00
536 00 55100

AVE Dual 751 I 30 00 744 95
359 00 369 95

N05 'oc d311.5' 8147

14,19 GO 1479 00

9Low Cosl 5.100 Bus :5:9 9:9Z 710'5595
ADM 2 011ton
5,000 120

Sahel 43 170'9900X

.100
00

owl... SI 00 05 AM 1,..u.11116,
All Ply. win. I tim , iiis only °"'" 215

army. w, Sum on 411 21",...'77°1!.8." 500
006 Oludala 110 11515132 1715 00

175

Caduou.. 1.3..mAn Ald 6 ME( 6800 01 6.1 44500

Oulu, aid It lb.1.411.14 All puuu AIM 1 6501 145 0

5116

:010,Sato, 1..6,4 6100
duunseill Add 0..la 0.0Iasi

6/500
10/2 50

2 39
2/100

89
2 95
2 95
2 95
1 0
1 49
250
359

0

NEW 1

184i if ...Am Lk* 40110.,
4116

...V ...we Cato mew
*NIA coca

GoraranwitYwro
Pa. Cowan. 170 pi no....
Ihnovtome.ECiv

mFIKCant

m.
sic

P. 0. BOX 17329 Irvine, California 92713 New Phone (714) 558-8813
TVVX 910-595-1565

1978 CATALOGUE
END 25c POSTAGE

DISCOUNT COMPUTER
CORNER Dilscounl Computer

Caro Crede Card
51,5 00 51155 00
459900 469500
450 00 462 00

865011
946 .10

Retail Store Open Mon. - Sat.
Located at 1310 "B" E. Edinger,
Santa Ana, CA 92705
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GREENWELD
443 Millbrook Road Southampton
SO1 OHX TeI:(0703) 772501

All prices quoted include VAT. Add 25p UK /BFPO Postage. Mont orders
despatched on day of receipt. SAE with enquiries please. MINIMUM ORDER
VALUE E1. Official orders accepted from schools, etc. (Minimum invoice charge
£5). Export/Wholesale enquiries welcome. Wholesale list now available for
bona -fide traders. Surplus components always wanted.

DIODE SCOOP!!!
We have been fortunate to obtain a large
quantity of untested, mostly unmarked glass
silicon diodes. Testing a sample batch
revealed about 70% useable devices -
signal diodes, high voltage rets and zeners
may all be included. These are being offered
at the incredibly low price of £1.25/1,000
- or a bag of 2,500 for £2.25. Bag of
10.000 £8. Box of 25,000 £17.50. Box of
100 000 £80.

SPECIAL SUMMER OFFERS
Audio IC's

76003N £1.40 76013N £1.00
76023N£1.00 76033N E140
LM380 80p TBA8108 90p

Linear ICs etc.
741(8DILI 180 8 D1 31 24p
555 25p BD1 32 28p
1N4148 2p 2N3819 18p

TTL PANEL
52 logic ICs including 32 k 74161 (4 bit
binary counter) + 16 tant bead caps, R's.
C's. etc. Over E30 worth of TTL alone!!
ONLY £3.00.

DISC CERAMIC PACK
Amazing variety of values and voltages from
a few pF to 2.2uF! 3V to 310/1 200 £1, 500
£2.25, 1,000£4.00.

PC ETCHING KIT MK III
Now contains 200 sq. ins. copper clad
board. 1 lb. Ferric Chloride. DALO etch -resist
pen, abrasive cleaner, two miniature drill
bits, etching dish and instructions. £4.25.

EDGE CONNECTORS
Special purchase of these 0.1 pitch
double -sided gold-plated connectors en-
ables us to offer, them at less than one-third
of their original list price!
18 way 41p; 21 way 47p; 32 way 72p; 40
way 90p.

VEROCASES
Plastic top and bottom. ally panels front and
back.
1237
1238
1239
3007
3008
3009
1410
1411
1412

154x85x40
154x85x60
15485x80
180x120x40
1800 20x65
180e120e90
205x140x40
205x140x75
205x140x11 0

£2.53
£2.79
£3.32
£3.30
£3.50
£3.74
£3.51
£4.05
£5.12

VERO PLASTIC BOXES
Professional quality two tone grey poly-
styrene with threaded inserts for mounting
PC boards
2518 120x65x40 £2.17
2520 150x80x50 £2.45
2522 188x110x60 £3.23

SLOPING FRONT BOXES
1798 171x121x75/37.5 £4.19
2523 220x174x100/ 53 E8.90
Potting box. 71x49x24mm black or white
40p
Hand controller box 94x61x23mm. white
64p

VERO PINS AND TOOL
Spot face cutter for 0 1 or 0.15 pitch 75p
0.1 pins single sided 30p/ 100
0.1 pins double sided 35p/100
0.15 pins single sided 30p/ 100
0 1 5' pins double sided 35p/100
We keep a very large range of VERO pro-
ducts - inc. their recently introduced G
range of cases. and Series II boxes. SAE for
their catalogue.

LOW COST PLASTIC BOXES
Made in high impact ABS. The lids are
retained by 4 screws into brass inserts.
Interior of box has PCB guide slots (except
V219).
V210 80x62x4Omm black 58p
V213 100x75x4Omm black 72p
V216 120x100x45mm black 88p
V219 120x100x45mm white 86p

STEREO AMPLIFIER
CHASSIS £5.50

Complete and ready built. Controls Bass,
treble, volume/on-off, balance. 8 transistor
circuit gives 2 watts per channel output. Just
needs transformer and speakers for low cost
stereo amp. Suitable metal cabinet (W374)
£2.00 - or buy the amp, case and trans-
former for E10.00 and get DIN speaker
sockets and knobs free!!

AMPLIFIER KIT £1.75
Mono gen. purpose amp with tone and
vol. /on -off controls. Utilizes sim. circuitry to
above amp. Output 2W into 8 ohms. Input
matched for crystal cartridge. 4 transistor
circuit. Simple to build on PCB provided.
Can be either battery or mains operated. (For
mains powered version add £2.20 for
suitable transformer). Blue vinyl covered
aluminium case to suit (W372) £1.30.

1977/8
CATALOGUE

48 BIG pages packed with over 4,000
items, many of them illustrated. Discount
vouchers worth 50p. PRICE 30p + 15p
post (Overseas send 60p surface of £1
airmail.) Also included is our current Bargain
List. Send SAE for bargain list alone.

SIRENS
Use in cars. houses, anywhere that a
powerful noise will frighten off would-be
intruders. Uses 4 HP7 baits. Overall size
100x72x6Omm. Only £1.70.

BUY A COMPLETE
RANGE OF

COMPONENTS AND
THESE PACKS WILL

HELP YOU
* SAVE ON TIME -No delays in

waiting for parts to come or shops to
open,

 SAVE ON MONEY - Bulk buying
means lowest prices - just compare
with others!

* HAVE THE RIGHT PART - No
guesswork or substitution
necessary!

ALL PACKS CONTAIN r LILL SPEC. BRAND
NEW, MARKED DEVICES - SENT BY
RETURN OF POST. VAT INCLUSIVE
PRICES.

K001 50V ceramic plate capacitors. 5%. 10
of each value 22pF to 1000pF. Total 210.
£3.35
K002 Extended range, 22pF to 0.10 F. 330
values £4.90

K003 Polyester capacitors, 10 each of these
values 0.01, 0.015, 0.022, 0.033, 0.047,
0.068, 0.1, 0.15, 0.22, 0.33, 0.47e F.
110 altogether for £4.75

K004 Mylar capacitors, min 100V type. 10
each all values from 1000pF to 10,000pF.
Total 130 for E3.75

K009. Extended mylar pack. Contains all
values from 1000pF to 0.470F. Total 290
capacitors to £11.25

K005 Polystyrene capacitors. 10 each value
from 10pF to 10.000pF. E12 Series 5%
160V. Total 370 for £12.30

K008 Tantalum bead capacitors. 10 each of
the following 0.1, 0.15, 0.22. 0.33, 0.47,
0.68, 1. 2.2. 3.3, 4.7, 6.8. a 35V:
10/25, 15/16'22/16 33/10 47/6
100/3. Total 170 tants for £14.20

K007 Electrolytic capacitors 25V working.
small physical size. 10 each of these popular
values 1, 2.2, 4.7, 10. 22. 47, 100e F.
Total 70 for £3.50

K008 Extended range, as above. also
including 220. 470 and 10000F. Total 100
for £5.90

K021 Miniature carbon film 5% resistors.
CR25 or similar. 10 of each value from 1 OR
to 1M. E 1 2 series. Total 610 resistors
£8.00

K022 Extended range, total 850 resistors
from 1R to 10M £8.30

K041 Zener diodes, 400mW 5% BZY88,
etc. 10 of each value from 27V to 36V. E24
series. Total 280 for £15.30

K042 As above but 5 of each value E8.70

PET 2001

SOFTWARE

AVAILABLE NOW!

SOPHISTICATED, INTENSELY

PRACTICAL AND EASY -TO -USE

SOFTWARE, covering:

01 investment Decisions

02 Statistics
03 Mathematics

04 Personal Finance
Management

05 Small Business
Management

06 Appointment
Scheduling

07 Stock Exchange
Portfolio Management

08 P.A.Y.E.

For further details, please apply:

DAVID JAMES
EDINSMITH COMPUTER SERVICES

11 STOKE HILL
STOKE BISHOP

BRISTOL, BS91JL
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NEWS

data sheet
,7208 COUNTER/DECODER/DRIVER INTERSIL

The ICM 7208 is available ex stock
from Rapid Recall Ltd, 9 Betterton
Street, Drury Lane, London, WC2.

Features:
Useful for:
a. Unit counter
b. Frequency counter
c. Period counter
Low operating power dissipation <
10mW
Low quiescent power dissipation <
5mW
Counts and displays 7 decades
Wide operating supply voltage range

2V <I VDD - Vssl <6V
Drives directly 7 decade multiplexed
common cathode LED display
Internal store capability
Internal inhibit to counter input
Test speedup point
All terminals protected against static
discharge

Description
The ICM 7208 is a fully integrated seven
decade counter -decoder -driver and is

manufactured using the Intersil low volt-
age metal gate C-MOS process. As such
it has applications as either a unit,
frequency or period counter. For unit
counter applications the only additional
components are a 7 digit common
cathode display, 3 resistors and a cap-
acitor to generate the miltiplex fre-
quency reference, and the control
switches.

Specifically the ICM 7208 provides
the following on chip functions: a 7
decade counter, multiplexer, 7 segment
decoder, digit & segment drivers, plus
additional logic for display blanking
reset, input inhibit, and display on/off.

The ICM 7208 is intended to operate
over a supply voltage of 2 to 6 volts as
a medium speed counter or over a more
restricted voltage range for high fre-
quency applications.

As frequency counter it is recom-
mended that the ICM 7208 be used in
conjunction with the ICM 7207 Oscil-
lator Controller which provides a stable
HF oscillator, and output signal gating.

Testing Procedures
The ICM 7208 is provided with three
input terminals: 7,23,27 which may be
used to accelerate testing. The least two
significant decade counters may be tested
by applying an input to the 'COUNTER
INPUT' terminal 12. 'TEST POINT'

terminal 23 provides an input which by-
passes the 2 least significant decade
counter. Similarly terminals 7 and 27
permit rapid counter advancing at two
points further along the string of
decade counters.

Counter Input Definition
The internal counters of the ICM 7208
index on the negative edge of the input
signal at terminal 412.

Format Of Signal
The noise immunity of the Signal Input
Terminal is approximately 1/3 the supply
voltage. Consequently, the input signal
should be at least 50% of the supply in
peak to peak amplitude and preferably
equal to the supply. NOTE: The amp-
litude of the input signal should not
exceed the supply; otherwise, damage

VDDLVI

a ANODE

y ANODE

Vss (-VI

CATHODE r6

CATHODE =5

RAPID ADVANCE DIGIT v7

NC

DISPLAY ENABLE INPUT

CATHODE v7

STORE INPUT

COUNTER INPUT

INHIBIT INPUT

RESET INPUT

Fig. 1. Pinout.

RAPID ADVANCE
DIGITS r 5.6. 7

I ANODE

CATHODE ve

CATHODE .3

RAPID ADVANCE
DIGITS e3, E. 5,6, 7

CATHODE .2

CATHODE =I

UR INPUT =.2

UR. INPUT sl

p ANODE

e ANODE

Lx. INPUT =3

ANODE

Fig. 2. Absolute maximum ratings.

Power Dissipation (Note 1) 1 watt

Supply voltage IVDD - Vssl (Note 2) 6 V

Output digit drive current (Note 3) 150 mA

Output segment drive current 30 mA

Input voltage range (any input terminal) Not to exceed the supply voltage

Operating temperature range -20°C to +70°C

Storage temperature range -55°C to +125°C

'Absolute maximum rating define parameter limits that il exceeded may permanently damage the device.

Fig. 3. Typical operating characteristics.

(V00 - Vss = 5V, TA = 25°C, TEST CIRCUIT, display off, unless otherwise specified)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Quiescent Curent IDDI All controls plus terminal 20 connected to
V0 O. No multiplex oscillator

30 100 µA

Quiescent Current IDD2 All controlinputs plus terminal 20 connected
to V00 except store which is connected
to V55:

70 150 µA

Operating Supply IDDS

Current

All inputs connected to VDD, RC multiplexer
osc operating fin  25KHz

210 500- Aerating upply
Current

fir, = 2MHz 700 pA

Supply Voltage Range V00 , 2MHz 3.5 5.5 V

--- 51ver On Resistance 11-D 4 12 ohm

Digit Driver Leakage
I ID

Current
500 µA

Segment Driver
'

Rs
On Resistance

40 ohm

Segment Driver IS
Leakage Current

500 µA

Pullup Resistance of Reset

or Store Inputs
Rp100
RIN

400 Kohms

Counter Input Resistance Terminal 12 either at VOD or Vss potentials 100 Kohms

Counter Input Hysteresis
Voltage

vH IN 25 50 mV

NOTE I This value ol power d ssipatinn refers to that of the package and will not be obtained under normal operating conditrons.

NOTE 2 The supply voltage mull be applied Pekoe Al at the Acme time as any input voltage. This poses no problems with a single power

supply system. It a mu tiple power supply system is used. IT Is mandatory that the supply for the ICM 7208 is not switched on

al ter the other supplies ether wise the device may be permanently damaged.
NOTE 3 The uutput digit drive cut tent must be hunted to 150 mA or less under steady state conditions. (Short term transients up to

250 mA will not damage the device I Therefore, depending upon the LED display and the supply voltage to be used it may be

necessary to include driddiond, segment sums resistors to limit the digit currents.
IIIIII'
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7208 COUNTER/DECODER/DRIVER INTERSIL

may be done to the circuit.
The optimum input signal is a 50%

duty cycle square wave equal in amp-
litude to the supply. However, as long
as the rate of change of voltage is not
less than approximately 10.4V/µ sec at
50% of the power supply voltage, the
input waveshape can be inusoidal,
triangular, etc.

Display Considerations
Any common cathode multiplexable
LED display may be used. However, if
the peak digit currents exceeds 150 mA
for any prolonged time, it is recom-
mended that resistors be included in
series with the segment outputs (ter-
minals 2, 3, 15, 17, 18, 26, 28) to limit
current to 150 mA.
The ICM 7208 is specified with 500µA
of possible digit leakage current. With
certain new LED displays that are
extremely efficient at low currents, it
may be necessary to include resistors
between the cathode outputs and the
positive supply VDD to bleed off this
leakage current.

Display Multiplex Rate
The multiplex frequency reference is

divided by eight to generate an 8 bit
sequencer. Thus the display multi-
plex rate is one eighth of the multi-
plex frequency reference.

The ICM 7208 has approximately
0.5 As overlap between output drive
signals. Therefore, if the multiplex rate
is very fast, digit ghosting will occur.
The ghosting determines the upper limit
for the multiplex frequency reference.
At very low multiplex rates flicker be-
comes visible.

It is recommended that the display
miltiplex rate be within the range of 50
Hz to 200 Hz which corresponds to
400 Hz to 1600 Hz for the reference
frequency.

Control Input Definitions

INPUT TMNL VLTG FUNCTION

1. Display 9 VDD
VSS

Display on
Display off

2. Store 11 VDD

VSS

Counter Inform.
Stored

Counter Inform.
Transferring

3. Inhibit 13 VDD

VSS

Input to Counter
Blocked

Normal Opertn.

4. Reset 14 VDD

VSS

Normal Opertn.
Counters Reset

MAXIMUM COUNTER INPUT FREQUENCY
AS A FUNCTION OF SUPPLY VOLTAGE

70

6.0

5.0

4.0

3.0

20

300

250

200

150

100

50

TA = 25"C

10 2.0 30 40 50
SUPPLY VOLTAGE VDD. Vss

SUPPLY CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE

30.0

25.0

20.0

Q
cc

15.0D

0
10.0

2

sa2

5.0

60 0

TA = 25 C

RC osci 1132 KM:

1.0 20 30 40 50
SUPPLY VOLTAGE VDD V55

SEGMENT OUTPUT CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

600

500

s- 400

CC

t/ 300

I. 200

100

0

6 0 0.001 0.01 0.1 1 0

COUNTER INPUT FREQUENCY 2IN MR:

TA = 25-C
LEO FORWARD VOLTAGE
DROP @ 15 ma 1.8V
5 SEGMENTS LIT

1.0 20 30 40 50
SUPPLY VOLTAGE VDD VSS

60

SUPPLY CURRENT AS A FUNCTION
OF COUNTER INPUT FREQUENCY

TA= 25-Q

6104c RC MUX OSC
E.

1.6KH EXTERNAL MUX INPUT

Fig. 4. Typical performance charactieristics

10

° 888-888-8
L

CON191051 CA1,400(

1

s ov

4

26

vss
25

0 Vor,

V000`-
23

ICM 7206

711

22

V ° 100-1J-1 1006
DISPL A Y 9

10

20 AR,

19

11

17

18

PROCESSING
16

UR NO
.VDD RESET

14 15

°VSS

Fig. 5. Unit counter schematic. Eli
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8 -pin pcb .20 ww .35 2N2222 NPN (2N2222 Plastic .10) .15
1N4005
1N4007

600v
1000v

1A
1A

.08

.15
14 -pin pcb
16 -pin pcb

.20 ww

.20 ww
.40
.40

2N2907
2N3906
2N3904

PNP
PNP (Plastic - Unmarked)
NPN (Plastic - Unmarked)

.15

.10

.10
1N4148 75v 10mA .05 18 -pin pcb .25 ww .75 2N3054 NPN .35
1N4733 5.1y 1 W Zener .25 22 -pin pcb .35 ww .95 2N3055 NPN 15A 60v .50

1N753A 6.2v 500 mW Zener .25 24 -pin pcb .35 ww .95
T1P125 PNP Darlington
LED Green, Red, Clear, Yellow

.35

1N758A 10v .25 28 -pin pcb .45 ww 1.25 D.L.747 7 seg 5/8" High com-anode
.15

1.95
1N759A 12v .25 40 -pin pcb .50 ww 1.25 MAN72 7 seg corn -anode (Red) 1.25
1N5243
1N52446
1N5245B

13v
14v
15v

.25

.25

.25

Molex pins .01

2 Amp Bridge

To -3 Sockets

100 -pry

.25

.95

MAN3610
MAN82A
MAN74A
F ND359

7 seg corn -anode (Orange)
7 seg corn -anode (Yellow)
7 seg corn -cathode (Red)
7 seg corn -cathode (Red)

1.25
1.25
1.50
1.25

25 Amp Bridge 200 -pry 1.95

C MOS - T T L -
4000 .15
4001 .15
4002 .20
4004 3.95
4006 .95
4007 .20
4008 .75
4009 .35
4010 .35
4011 .20
4012 .20
4013 .40
4014 .75
4015 .75
4016 .35
4017 .75
4018 .75
4019 .35
4020 .85
4021 .75
4022 .75
4023 .20
4024 .75
4025 .20
4026 1.95
4027 .35
4028
4030 .35
4033 1.50
4034 2.45
4035 .75
4040 .75
4041 .69
4042 .65
4043 .50
4044 .65
4046 1.25
4049 .45
4050 .45
4066 .55

4069/74 C04 .25
4071 .25
4081 .30
4082 .30

MC 14409 14.50
MC 14419 4.85

4511 .95
74C151 1.90

7400 .10 7473 .25 74176 .85 74H72 .35 74S133
7401
7402

.15

.15
7474
7475

.30

.35
74180
74181

.55
2.25

74H101
74H103

.75
.55

74S140
74S151

7403
7404
7405

.15

.10

.25

7476
7480
7481

.40

.55

.75

74182
74190
74191

.75
1.25

.95

74H106

74L00

.95

.25

74S153
74S157
74S158

7406 .25 7483 .75 74192 .75 74 LO2 .20 74S194
7407 .55 7485 .55 74193 .85 74L03 .25 74S257 (81231
7408
7409
7410

.15

.15

.15

74867489.25
7490

1.05
.45

74194
74195
74196

.95

.95

.95

74 LO4
74 L10
74L20

.30
.20
.35

74 LSOO
74 LSO1

7411 .25 7491 .70 74197 .95 74L30 .45 74LS02
7412 .25 7492 .45 74198 1.45 74L47 1.95 74 LSO4
7413 .25 7493 .35 74221 1.00 74L51 .45 74 LSO5
7414 .75 7494 .75 74367 .75 74L55 .65 74 LSO8
7416 .25 7495 .60 74L72 .45 74 LSO9
7417 .40 7496 .80 75108A .35 74L73 .40 74LS10
7420
7426

.15

.25
74100
74107

1.15
.25

75491
75492

.50
.50

74 L74
74 L75

.45

.55
74 LS11
74 LS20

7427 .25 74121 .35 74L93 .55 74 LS21
7430 .15 74122 .55 74L123 .85 74 LS22
7432 .20 74123 .35 74H00 .15 74 LS32
7437
7438

.20

.20
74125
74126

.45

.35
74H01
74H04

.20

.20
74S00
74S02

.35

.35
74LS3774Ls3

7440 .20 74132 .75 74H05 .20 74S03 .25 74 LS40
7441 1.15 74141 .90 74H08 .35 74SO4 .25 74 LS42
7442 .45 74150 74H10 .35 74S05 .35 74 LS51
7443 .45 74151 .65 74H11 .25.3574S08 74 LS74
7444 .45 74153 .75 74H15 .45 74S10 .35 74 LS86
7445 .65 74154 .95 74H20 .25 74S11 .35 74 LS90
7446 .70 74156 .70 74H21 .25 74S20 .25 74 LS93
7447 .70 74157 .65 74H22 .40 74S40 .20 74 LS107
7448 .50 74161 .55 74H30 .20 74S50 .20 74 LS123
7450 .25 74163 .85 74H40 .25 74S51 .25 74LS151
7451 .25 74164 .60 74H50 .25 74S64 .15 74 LS153
7453 .20 74165 1.10 74H51 .25 74S74 .35 74 LS157
7454 .25 74166 1.25 74H52 .15 74S112 .60 74LS164
7460 .40 74175 .80 74H53J .25 74S114 .65 74 LS193
7470 .45 74H55 .20 74 LS367
7472 .40 74 LS368

9000 SERIES
9301 .85 95H03 1.10
9309 .35 9601 .20
9322 .65 9602 .45

MICRO'S, RAMS, CPU'S,
E -PROMS

74S188 3.00 8214 8.95
1702A 4.50 8224 3.25
MM5314 3.00 8228 6.00
MM5316 3.50 8251 8.50
2102-1 1.45 8255 10.50
2102L-1 1.75 8713 1.50
2114 9.50 8123 1.50
TR1602B 3.95 8724 2.00
TMS 4044- 9.95 8197 1.00

2107B-4 4.95
8080 8.95 2708 9.50
8212 2.95 Z80 PI 0 8.50

MCT2 .95 LINEARS, REGULATORS, etc.
8038 3.95 LM320T5 1.65 LM340K 15 1.25
LM201 .75 LM320T12 1.65 LM340K 18 1.25
LM301 .45 LM320T15 1.65 LM340K24 1.25
LM308 (Mini) .95 LM324N 1.25 78L05 .75
LM309H .65 LM339 .75 78L12 .75
LM309K (340K-5185 7805 (34075) .95 78L15 .75
LM310 .85 LM340T12 .95 78M05 .75
LM311D (Mini) .75 LM340T 15 .95 LM373 2.95
LM318 (Mini) 1.75 LM340T18 .95 LM380 (8-14 Pm) .95
LM320K 5(7905)1.65 LM340T24 .95 LM709 (8,14 P1N).25
LM320K12 1.65 LM340K 12 1.25 LM711 .45

INTEGRATED CIRCUITS UNLIMITED
7889 Clairemont Mesa Blvd., San Diego, CA 92111 U.S.A.

No Minimum
All prices in U.S. dollars. Please add postage to cover method of
shipping. Orders over $100 (U.S.) will be shipped air no charge.

Payment should be submitted with order in U.S. dollars.
All IC's Prime/Guaranteed. All orders shipped same day received.

.40

.55

.30

.35

.75

.30
1.05
1.05

.20

.20

.20
.20
.25
.25
.25
.25
.25
.20
.25
.25
.25
.25
.35
.30
.65
.35
.35
.35
.55
.55
.40

1.00
.75
.75
.75

1.00
.95
.75
.65

LM723 .40
LM725N 2.50
LM 739 1.50
LM741 (8-14) .25
LM747 1.10
LM1307 1.25
LM1458 .65
LM3900 .50
LM75451 .65
NE555 .35
NE556 .85
NE565 .95
NE566 1.25
NE567 .95

SPECIAL
DISCOUNTS

Total Order Deduct

$35 - $99 10%

$100 - $300 15%
$301 - $1000 20%

Phone (714) 278-4394 BarclayCard / Access / American Express / BankAmericard / Visa / MasterCharge
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TTLa by TEXAS
7400 14
7401 14p
7402 14p
7403 14p
7404 17p
7405 14
7406 32p
74°1 3297408 199
7409 19p
7410 15p
7411 24p
7412 24
7413 309
7414 60p
/416

74105 Up254289
74107 34p
74109 55p
74110 559se_74111 17255087
74116 20004
74119

,!--l',,,...

'''''''74120 1109
74121 28p74122 4ap3A
74123 55p

65674125 --
74126 69074128 759255459
74132 759

74283 1909
74284 4000
74285 400p
,74A2, 9903 19°9--'''' WP
74294 200p
74298 200p
74365 1500
74366 1509
74367 160p_ _
74368 150P

200p
74393 2000
7449° 22

7415251 200p
741.5257 120p
7419259 175p
7419298 249p
7415373 2009
7415374 195p
811595 160p
811996 1600
811997 1609
811_998 1600
8128 234300
9301 1600
9302 1759
9308 3169
9310 275p
9311 2750
9312 160p

4000 SERIES
4000 45p
4001 179
4002 17p
4006 955,
4007 1Sp
4008g0p
4009 40p
4010 501,
4011
4012 11:
4013 50p
4014 S4,
4015 840
4016 45p
4017 80p
4018 asp

4514 254
4516 1109
4518 104
4520 100p
4528 1009
4543 180p

4553 450p
4560 250p
4583 90p
4584 909
40014 90p
400135 300P
40097 90P

14433 til
SHIFT
REG.
AM2833 400p

194733 104
194741 22p
194747 709
LM748 35p
1513900 709
1343911 1309
LM4136 1213p

MC13109 1509

MC1458 55p

MC1495 404
MC1496 100p
*6403340 1213p
'MC3360 1209
'MFC40006 124
MK50398 7509
NE531 1309
15E540 200p

TRANSISTORS
AC127/8 20p
60149 700
A0161/2 45p
BC107/8 lip
6C109 lip

'BC147 /8 9p
'6C149 10p
130157/8 10p
13C159 lip
'ElC169C 120
*BC172 12p
8C177/8 17p
BC179 189
'8C182/3 10p
'60184 Ilp
BC187 309

BEY5I/ 2 22p
BFY56 33p
BE690 SOp
81483 7000
88439 450
60X19/20 20p
'BU105 1909
'BU108 2509
'8U205 2209
ISU208 240p
*BU406 1459
MJ481 1750
MJ491 2000
MJ250I 229,
MJ2955 100p
MJ3001 2250

*MJE340 650

TIP41C 79p
TIP424 700
710420 82p
T1P2955 7Sp
7103055 709
71943 34p
71993 309
ITX108 12p
'Z1X300 13P
7TX500 159
MI(502 18P
2TX504 309
2N457A2S09
25696 35P
25697 259
2N697 45p
257064 20P

'254125/622p
20p

254401- 3 27p
254427 90p
254871 64

27p
'255089 27p
255172 279
255179 27p
255191 83,'04202
255194 94

'2N5245 40p
'2N5296 55p
'2N5401 50p
'2554578 414

4130
2N5460 44

DIODES
11Y127 12p
'0447 9p
'0481 15p
'0485 15p
0490' 9p
'0491 9p
'0495 9p
'04200 99

10p
'15914
'IN916 7p
154148 4p
154001/2 5p
154003/4 4
154005 4
154006/7 7p

'3A 600V 72p
4A 100V 95p

'44 400V 1009
64 50V 90p
6A 100V 100p
6A 400V 1209
10A 400V204
254 400V4009

TR1ACS
PLASTIC
JA '

5001/ 661IP

64 4004 OpP

500V 878p
84 4004 759
8A 500V 95p

i4L5 SERIE6A
741500 220
741502 220

27p
7417 27p
7420 l ip
7421 4op
7422 22p
/423 34,
7425 30p

-,e_
74136 ....
74141 709
74142 2011p
74145 900
74147 190p
74148 1509

741904 2217
74L508 22p
741910 249
741913 459
74LS14 100P
741520 22P
741322 29,

9314 16Sp
9316 2250
9322 1599
9368 2001,
9370 200P
9374 204

4019 450
4020 1000
4021 1109
4022 10C9
4023 24
4024 650

LINEAR LC.
sAY1-0212 800p
"AY1-1313 668p
.441.5050 211p
*AT5-1315 800p
'ATS1317 6399

NE543K
2309NE555 30p

5E556 709

NE5616 425p
NE5628 425p
NE565 134

Ilp
110214 14'60214/3
60461 369
BC477/8 30,
'BC 516 1 7 50p
BC54713 169
'13C549C

MJE2955100p
MJE3055 200
'MPF102 459
'MPF103 /4 4017
'MPFI05/ 640P
MPSAO6 30p

'MPSAI 2 500

2N7084 20p
2N91B 451,
25930 181,
251131/220P
251613 25P
2N1711 25p

255485 44p
'2N6027 489
256247 194
256254 134
256290 65p
256292 65p

155401/3 149
161104/ 7 190

11224 45gg 4:9
154 400V 110pP
16A 500V 130pZE ERS

2 7V -33V

1W
40OrnW 9p

150
THYRISTORS
IA 504 409

7426 400
"/427 349

es
74150 1"`"9
74151470914741527 384,

9601 1043p
9802 175P
9603 609

4025 213p
4026 130p

'445-1320 320p
CA3019 110p

NE566 155p
NE567 175p

18p
1105578 16p
'13C559C

"MPSA56 32p
'MPSUO6 83p

252102 50p
252160 1200

3N128 120p
35140 100p

IA 4001/ 659
600V 70pSPECIAL

7428 34
/430 17e

74153 70p
74154 100p

741530 224,741547 90p4028'CA3048.p.,
4027 50p

top
*CA3046 mip

2259
RC4151 400p
5N76003N 175p

18p
B 70 14 MPSU56 780

0C28 1309

2N22194 29,
2522224 24

35201 114
35204 1009

OFFERS
100+ 741 E16

3A 400V 90p
8A 6001/ 20011INTERFACE IC.

7432 30p
7433 Op

74155 90P
74156 110p

41573 57p MC1488 104
MC1489 100p

2
40 9 (W7P30 69,

CA3080E 229
CA3089E 225p

'5576013N 140p
557601350120p

BCY71/2 22p
BD131/2 50p 0C35 1309

200p

2523694 169
2N2484 30P

40290 250p
40360 40p  ,00-F 555 E20 12A 400V 160p

16A 1001/164
7437 35p 74157 70p

741574 4474575 50p 75107 189, 4031 2043p t.430904C1 374 55760235 144
'557602350120p

BDY56 200p
8E200 32p

820085
'1120108 200p

252646 509
252904/5259

40361/2 45, 100+ RCA 164 400V 180p

7438 359
;440 lip
74.11 70p

74159 19°P74160 100p
74161 1009

741983 110p
741.985 104
741586 40p

75182 230p
75450 1209
75451, '2 72p

4033 190p
4034 200p
4035 110p

CA31305 100p
c431 20p
CA3160E 90p

55760335 175p
P 515 750p5 8

'5F2448 35p
'BF2568 74

'T1P29A 40p
-119290 S5p
'T19304 48p

2N29064 24p
2529074 30p
252926

40364 120p
40408 70p
40409 65p

2 3 £36N 055 16A 600V 220p
811 06 110p
C1060 49pBRIDGE

74424 60p 74162 100p 741590 110p
75491, 2 969 4040 1009

80p
FX209 7509
1017106 925p

18A641611 225p
7E14800

13F257/6 329
BF259 359 'TIP300 64 9P

2N3053 20p
40410 65p
40411 3059

RECTIFIERS
'14 50V 219

*MCR101 369

7443 114
/444 112p

74163 100p
74164 120p

74LS93 90P
741.9107 450

ROM/PROM.
40414042-R54810SOp IC18038 340p loop 13K039 34'11931A

34
58P

71931C 62P
253054 651'
253055 489

40594 97p '14 100V 22p
253525 120p

'255060 34p

7445 1006
74464 939

74165 130p
74166 1409 7415112 1009

749188 225p
745287 400P

4043 90p
4044900

1.151301An 38p
04311 190p

154820 90p
TCA940 175p

11F1140
BF9411 30,
'6ER79

119326 630
TIP32C 82p

253442 1400
40595 105p
40603 58p

14 400V 300
'24 50V 399

'255064 49,
PLEASE SEND

7447A 70p 74167 2009 7415123 759 74S387 400P 4046 13op LA4318 200p 7041022 604 34
*BFR130 111,334 90P

253553 240P
'253565

40673 90p '24 1001/ 35p
7448 Bop
7450 17p

74170 240p
74172 720p

7415124 1800
741.9132 124

93436 6509
93446 6500

4047 loop
4048 550

194324 70p
LM339 90p

XR2206 400p
XR2207 400p

359
'8Fg81 30p TIP33C 1149

309
'253643/4

40841 90p
40871 ' 90p

'2A 400V 45p
'3A 200V 600

SAE FOR FULL
LIST

7451 179
7453 17p
7454 l 7p
7460 179
7470 369
7472 30p

74173 1209
74174 93p
74175 85p
74176 909
74177 900
74178 169,

7419133 60p
7415138 609
7415139 609
7415151 1000_
7415153 609
7415157 60p

A13.10156009
415-101350OP
445-2376 E10
R03-2513

5509
SN746262 £14

4049 406
4050 -

4051 490pP

4052 80p
4053 800

55 125p

194348 94
151377 54
'1M380 'Li,'
LM3' BIAN 1509

1M38974 14430
174709 34p

3012216 675p
XF12240 4009
ZN414 90p
25424E 1359
25425E 400p
ZN1034E atop

BFX29 30p
13E100 349
6E7(84 /5 30p
8FX86/7 309
BF588 30p
BFW10 90p

TI9344 115p
11P34C 1609
710354 2259
710350 2909
719364 774
TIP36C 340P

'2E13702/3 129
2N3704/5 129
'253706/7 14p
'253708/912p
'253773 309,
'2N3819 25p

LOW PROFILE OIL SOCKETS BY TEXAS
8 pin 110 18 pin 25p 24 pin 33p

14 pin 129 20 pm 280 28 pin 42p
16 pin 13p 22 oin 269 40 pin 51p

WIRE WRAP SOCKETS

7473 34p
7474 30p

ms_74180 waP
74181 2091

7415158 1209
7415160 130p
74L5161 1000

TM56011500p 856 135p
4059 000p

194710 504, 55H90 8000 BF450 22p
ICITRIbRIES

2102 120p

TIP41A 6SP
01117W
3205 320p

'253820 50p
253823 709
253866 90p

8 pm 30p 16 pm 559 40 pm 120p
14 pin 40p 24 pin SOp

EPRONIS
VOLTAGE REGULATORS

DISPLAYS END500 / 507 1201,7475 389 74182 110p
7415162 140p 17024 500,

4060 115p Fixed Plasnc TO -220
140p 3245 400p '253903/4 18p

7476 359 741844 150p 7419163 149, 2708 909,
4063 120p 14 +se -se 2102-2

600p 4201 394 '253905/620p 3015F 200p 711311 500p
7480 50p 74185 1509

741.9164 1200 2716 3000p 4066 050 5V 7805 90p 7905 1200 21076
325p 4289 970p '254036 65p 01704 r 707 140p 711312/3 110p

7481 100p
7482 84p

74186 7009.44.,
74190 ''''' 74LS165 80p 4702 9000

4068 22p
4069 20p

12V 7812 90p 7912 12(4,
15V 7815 500 7915 1209

2111
2112-2 300p 4801 5000 2N40513/9 12p

'254060
DL747 225p TIL321/ 3 130p
EN0357 1209 711330 1409

74834 94
7484 100p
7485 1109
7486 349
7489 210p
7490A 33p

74191 100p
74192 es,

l''''''74193 1009
74194 1000
74195 95P
74196 94

7415173 110p
7419174 119,7415175 1144072
74 15181 320p
7415190 100p
74LS191 100p
7419192 140p

4070 30p
4071 22p

229
22p

1377: 107p
no

18V 7818 50p 7918 120p
24V 7824 90p 7924 120p
100rnA T(192

5V 78105 359 79105 sop
12V 78L12 35p 79112 1110p

15V 78115 35p 79115 80p

2114 15009
5101 5109
6810 400p

6820 600p
6850 7009
8205 324

12 p
'254061/2 14
'2N4123/4 22p

CPU.
40404 6709

p6502 120040736800 10110pLEDS
808UA 550p

VAT RATES. All gems at 8% except marked 
winch are at 12',%

0 125-,
11132 I.R 79,
1I1209 Red 13p

Please add 25p p&p & VAT at appropriate rates.
Government, Colleges, etc. Orders accepted.

OTHERS OTHER REGULATORSes7491 gOp 74197 809
7415193 140p

4o61 4I1211 Gr 309
74924 469 74198 1-7' 741.9195 140p 8212 2260 4082 22p 0.1309K 135p TE1462513 124 TI YL212 e 25p CALLERS WELCOME BY APPOINTMENT.
7493A 33p 74199 15°P 7415196 120p 8216 22Sp

4093 800 1M3171 200p TL430 65p T11216 Red 180
7494 04-.-1.
74954 70p
7496 64

74221 1009
74251 140p74259 250p45037419221 100p

7419240 2459
7419241 249,

8224 400p...._
8228 5,01,
8251 700p

4098 1071,
4502 1209

700

1513236 6250 78H05KC 6759
LS/1723 37p 78MGT2C 1359

0.2
TIL220 Red 16p
111222 Gr 14

TECH NOMATIC LTD.
NW9-

7497 1809
74100 130p
74104 65p

74265 90p
74278 290p
74279 1400

7419242 245p
7415243 2459
7415245 3000

8255 5509
9905 200p
ggcr, 275p

esn7 5,
.--. "'r-

150p
94

4510

2 N 5777 45p 0 CP 71 1 3 Op
ORP12 90p ORP60 90p
ORP61 900 71178 70p

TIL228 Red 220
5W5491 TS 120p
Clips 3p

54 Sandhurst Road, London
Tel: 01-204 4333 Telex:922800

SUPER SUMMER BARGAINS WITH WATCHES AND T.V. GAMES KITS

Alb
' alni

WII

5 FUNCTION 4 DIGIT
LCD
displays hours, minutes,
or seconds, month and
date with 4 year calendar,
back light, metal case and
strap.

ONLY £9.95*

._.
12 FUNCTION
CHRONOGRAPH
LCD
hours, minutes, seconds.
day, date, month, chrono
time 1 /100th sec, 2
event timing, 1st and 2nd
place times, non interrupt
between chrono and real
time, backlight.

ONLY £21.95*

'PLUG IN' KITS (all parts
except cases and controls.
Main PCB £16.50
Road Race (2 Games). Sub
PCB £17.50
Tank Battles. Sub PCB

£15.90
Stunt Rider. Sub PCB . .

(4) games) . . . . £14.90
Telesport. Sub PCB £13.50

(10 Games)

'STAND ALONE' KITS (all
parts except cases and
controls).
B&W Road Race £20.90
B&W Tank Battle £18.90
B&W Stunt Rider E17.90
B&W Telesports £14.90
Colour Tank Battle £25.90

6,i :, MA
. .a- A,r-,-.

_

3

ALARM LCD
six digit hours minutes
optional seconds or date,
month, date, day, 4 year
calendar, alarm program-
mable for any minute in
24 hours with on/off in-
dication, backlight.

ONLY £32.95*
.

SOLAR POWERED
CHRONOGRAPH
LCD
hours, minutes, seconds,
day, date, month, chrono

\ time 1/100 sec 2 event
timing, 1st and 2nd place
times, non -interrupt bet-

1. ween chrono and real
, time, backlight, standby

batteries for dark condi-
lions, s/s case and
bracelet.

ONLY £47.95*

'MINI' KITS (I /C. PCB, I/C.
SKT, Coil).
Road Race £13.90
Tank Battle ft 2.50
Stunt Rider £12.50
Telesport . £9.90
Joysticks for

Telesport £3.50

ASTEC MODULATOR
UM1231 Ideal for PET &
TRS 80 TV interface £5.50
'Astec Vision Mod UM1111

£2.75
'Astec Sound Mod UM 1263

£2.75
'Astec Col Encoder UM 1163

£5.90
'TV Games Adaptor with reg
I /C £3.50
'Buzz Plug (Featured ETI April
& Tomorrows World) £5.99

,..,..... .

14
.it kal';

SOLAR POWERED
ALARM LCD
six digit hours, minutes.
seconds or date, month,
date day, alarm program-
mable for any minute in
24 hours with on/off in-
dication, backlight.
standby batteries for dark
conditions, s is case and
bracelet

ONLY £49.95*

t...7...r ,t, 6 FUNCTION 4 DIGIT
SOLAR POWERED
LCD
displays hours, minutes
or seconds, days, month
and date with 4 year
calendar, backlight. sis
case and mesh strap.

ONLY £29.95''r

Further details on all products on request.
'All prices include 12 month guarantee. Instructions, P&P, VAT
Money back guarantee.
So strap on or Tune into a Bargain Today. Send cheque or P.0
to

VIDEOTIME PRODUCTS
56 QUEENS ROAD, BASINGSTOKE, HANTS

RG21
TEL. (0256) 564171REATELEX 858747

Trade and Export enquiries welcome

. -

I ., -........
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PROJECT

ETIWET
PLANT WATERER

WATER, WATER, EVERYWHERE
and not a drop to drink runs an old
poem, well plants need to quench
their thirst as well as humans - and
during holiday time most are left to
wilt. In the interests of flower power
we decided to produce a unit that
would refresh the plants that owners
could not reach, hence the ETI WET.

The unit consists of a sensor,
timer and electric water pump. The
sensor is embedded in the soil and
when dry the electronics operate the
water pump for a preset time - thus
infusing the plant with thirst
quenching water. When the plant
has drunk its fill and the sensor is dry
again the cycle repeats. In this way
you can soak up the sun in the
knowledge that your prize plant is
getting its fair share at home.

Construction And
Calibration
The electronics are mounted on the
PCB, using a socket for the IC. We
used a plastic card filing box for the
case and a 5 litre container to hold
the water supply. Make sure you drill
an extra small hole in the cap of the
water container - so that air can
replace water when the pump
operates.

We used a small 6V pump (see
buy lines) but other pumps can be
used. For example a pet shop can
probably supply small pumps (used
in fish tanks) and pumps are
available from most car accessory
shops (used for windscreen water). If
the pump you use needs 1 2V the
battery will need changing - the
electronics will work at this higher
voltage.

The moisture control and water

If your plants suffer from a drink problem let our ETI WET look
after them when you are away, ensuring that they get their
daily dose of life giving liquid.

ETI

WET
PL ANT

WATERER

Head on view of the completed prototype, the LED can be left out
if you want extended battery life.

flow control need careful setting - to
ensure that the plant gets enough
water, but not too much. When first
switched on the ETI WET will pump
water for the time set by the water
flow control - use this water to wet

ELECTRONICS TODAY INTERNAT.IONAL - AUGUST 1978

the soil around the plant, with the
probe in position.

With a properly watered plant,
adjust the moisture control until the
ETI WET feeds more water - then
reduce the setting.
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41111111E ----

On the left is an internal shot of our prototype, notice how we used screws to give
extra 'bite' to the epoxy holding the tube connections on the front panel. Below is
the overlay for the PCB.

SUPPLY +Ve

LED1

RV1 WIPER

SENSOR

SENSOR +Ve

SUPPLY -Ve

41.....=1..Mr,
C4

4 Rti

Below is the complete system, the probe
used was made from a jack plug. On the
right is the PCB shown full size (70mm by
90mm).

HEAT SIM.

+Ve

D I RV2 WIPER

C-*)

R')
F

PUMP lie
RJR V?

PARTS LIST
RESISTORS (all 1/4w 5%)
R1, 3 100k
R2 4M7
R4 47k
R5 22k
R6 470R

POTENTIOMETERS
RV1 500k linear
RV2 100k linear

CAPACITORS
Cl, 2 100n polycarbonate
C3 100u 10V tantalum
C4 2200u 16V electrolytic

ICI CD4011
Q1 BC214L
Q2 BD131
D1 1N914
D2 TIL209

MISCELLANEOUS
Toggle switch, Battery (PJ996), Box to suit.
PCB, water pump, tubing, water container,
etc
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PROJECT Etiwet

°N/OFF

PROBE qb

I

RV1-*----I
MOISTURE
LEVEL

500k
LIN

100k

C2

IC1a

R2

4M7

Cl
100n

100n

IC1b

NOTE

IC1 is 4011
01 is BC214
021s BD131

R3
100k

Full circuit diagram

WATER
FLOW

C3

100u
10y R4
TANT

R5
22k

47k

RV2
100k
LIN

®01
PNP

D1

1N914

R6
470R

+ C4
"2200u

16V

PUMP
MOTOR

6V

BUYLINES
The electronic parts for this project
should present few problems.
Sources for tubing and the connectors
include chemical equipment suppliers
and your local home brewing shops.
The pump we used came from Proops
Bros. Lid, The Hyde Industrial Estate,
Edgeware Road, Hendon, London
NW9 6JS and costs £2.30 inclusive
of VAT and postage.

HOW IT WORKS -
The circuit is composed of three main sec-
tions: Level sensitive Schmitt trigger, vari-
able time monostable and output driver. The
level sensitive Schmitt is formed from ICIa
and ICIb with the probe and RI, RV I forming
a potential divider on its input. When the
resistance across the probe increases beyond
a set value (ie the soil dries), the Schmitt is
triggered. C2 feeds a negative going pulse to
the monostable when the Schmitt triggers
and R2 acts as feedback, to ensure a fast

switching action.
The monostable (1C1c and ICid) time

period is determined by the values of C3 and
R4, RV2. When triggered by the Schmitt the
monostable turns on Q1, Q2 which drive the
water pump. The monostable will only trig-
ger with negative going input pulses, and
therefore unless the probe has been shorted
(by water) the Schmitt cannot retrigger the
monostable. This acts as a fail safe to prevent
the plant from drowning!

q

.1%
lito teem

ELECTRONIC COMPONENT CENTRE

11-Nifill111115 SL4 1HS (TRADE AND EXPORT WELCOME)
58-60 GROVE ROAD, WINDSOR, BERKS

HOTLINE FOR TELEPHONE CREDIT CARD ORDERS -
ELECTRONICS LTD. WINDSOR 54525

SEMICONDUCTOR DISTRIBUTORS ETI READERS OFFER: OVER £10 DISCOUNT 5%
10%

OFF. (THIS MONTH)
QUANTITY DISCOUNT FOR 100 OF ONE TYPE OFF 1 UP PRICE

Cheque or cash orders over ES Post Free. Other orders add 20p Post & Packing. Credit Card orders ES min. by post or phone. + Post & Packing 20p. UK add 8% to prices
marked'. Add 12 'h VAT to ell other prices. Free price list send S.A.E.
All devices to matters specifications. Please quote ETI ad as prices may change. E.& O.E. 1978. Callers welcome Tue. to Set (Lunch 1.21.

MICRO POWER SUP-
PORT

All lull spec Grade I displays
D1704 CC or 01707 CA 0.3"

E1.25"
F90500 CC/ 161 C 0.6"

E1.25°
MAN64 Type/16IA 0.6"

E1.25"
01741 CA or DI. 750 CC

E1.69*
Clock IC AY51224 Er
Display PCB 5 Digit 0.6" Cl'
LEDS. Bright full spec.
Q.2"or 0.125" Red 10p"
TIL209 Red & Clip 12p'
0.2" Oia Red & Clip 12p*
Yellow or Green LEDs
0.2" or 0.125" Dia. 41120p*
12 volt Fluorescent Light

Jackson Timer 3700 El
Trimmer 0-8 or 5 to 40pf

25p
Coil Former & Slug 0.3" Dia

294
Relay Mini 3 Pole 12 volt
Coil El*
RS Type Bleeper 9 to 12v

E1.50°
Dalo PCB Pen 2 nibs 70p*,
TUB Ferric CHL tikg. EI*1
Decon Board Cleaner Pad

50p*
6x4" Nylon/Copper Board

60p"
Vera Stocked All 10% ell

I> i.e. 3',"x5"x0.1" Board
56p*

6"44" Oil Board E2.25"
PP3 or PP9 Clips. Pair 15p*
Din Plugs. All 19p
Din Sockets. All 10p
Disco Strobe Tube Er
DEVELOPMENT PAR-

CELS. All ES each
SET 1: 25060 colt Ceramic

Capacitors 5'.. 10 each.
From 22p1 to 0.1 ul E5

SET 2: Tantalums luf to

200uf 20v to 35 volt. Total
50 capacitors E5

SET 3: Electrolytic 25 volt
10 each 1801 1/2/5/10/
47/100/220/1000 E5

SET 4:', watt Resistors 5%
C.F. 10 each 10 ohm to 10
meg ohm. Total 500. Bulk
packed in I bag E5

SET 5: Zeners 400mw 5
each. 20 Woes 3 volt to
33 volt (Total 1001 E5

SET 6: -100 Presets ES

SET 7: Heatsinks. 10 off.
Each 1018. T05. TV4
(111991aed small TO 3

PASSIVE GEAR
Resistors v: welt 5'. CF 2p
Presets Type PR Vert 10p
Type 45 Pots Log & Lin 25p
CAPACITORS
Ceramic 50v 5°. Hi Stab 22pf

to 0.l of & .22/47 5p
Tantalum Caps 12plt

JLECTROLYTICS 25 voltA All 10p
(50 volt 20pr2711 or 470u1

30p
1000u1 25 volt 35p
KNOBS. 1" dia & trim 15p
HEAT SINKS. 705 8 18

9r
TV4 25p'. T03 small 25p'

DISCO TRIAC 104 400v
El*

BRI00 Dias 25p*
C1060 4A 400v SCR 55r
TAG 1/400 lamp 55r. I/

600 65p"
Switches Mini SPST 55p'
Mini DPW 69r. Centre o089p*

Slide Switch 25p°
Push 'On' 35p
FULL SPEC PAILS ALL El
Pak A: 12 x Red LEGS El
Pak B:6 x 74IC 8 pin

EI*1
Pak C: 4x2 913055. TO 3

El*
Pak D:12 x BC109
Pak E: 13 x BCI82 El
Pak F:13 x 293704 El
Pak G: 7 e BPI Fl El"
Pak H: 7 x 293819 Met

El
New Pak I: 10 x Metal

Trim. Knob dia (syn.

thesiser etc.( El*
Pak J: 6 x 293053 El*
Pak K: 50x184148 El
Pak L: 50 x 33uf ID volt

electrolytic El
Pak M: 4 x Pairs Plastic

Power tamp 60 volt.
NPN/PNP 00131/2 Type

El
Pak N: 50 a 0481/91 El
Pak P: 20 x Plastic 109

El
Pak Q: 50 a 220u1 6.3e

Volt Electrolutic El
Pak R: 14 x BC107 El
Pak S: 14 x BC108 El
Pak T: Top selling
10 x NPN Plastic Power 60

volt 2 amp 0001 Type
El

TRANSISTORS 74009 SERIES TTL riFIr
Look et our Pak T. Ten Plastic ALL FULL SPEC BRANDED

OPorwPeark C: 4 a 293055 El" 714°40°1 8 * 77447765 "358;
TOP TWOSOME!Cl

Matching 20p*. Ins Kit 10p" 7402 7480 39p"
555 8 Pin Timer 27p'
74IC Full spec OIL 8.

ACI27 17p" BEY50 16p" 7403 7481 El* Branded Op Amp 19p*
AC176 10p* EIFY51 16r 7404 1482 El"
4C187 20p* 1FX29 28p* 7405 7483 El* NEW LINEARS Bata 1 Op
40161 40r esx20 18p* 7406 7485 Cl' TL170 Hall effect 6913*
AF162 40p' MJ2955 Cl 7407 7486 T1071 Le noise 741 75p*
AF239 42p' MJE340 44r 7408
BC107 Bp' MJE2955 El° 7409 7774449721

11081 FET Bp. 741 69p*
T1083 FET 747 (1.49*

BC108 Bp° MJE3055 B0p* 7410
7493

11080 FET 748/308 Ell 5*
0. BC109 9p* MPUI31 35p 7411
' BC109C 15p* ORPI2 55p° 7412 7494 IC SUPERMARKET

BC147 12p* TIP414 60p* 7413 7495
BCI48 12p TIP42A 65p* 7416

774488100

555381 riOpmemrpINE5551 27p*
30p*

BC149 12p T1P2955 60p* 1417 70p°556 Dual 555

6B8 cCC 111558597 111555 ppp 721191:43264831355 37t, : 177444222°35 74121

74107 710 Comparator 40p°

7744114231

723 Regulator
74IC 8 Pin OIL OPA 1 9p*

45p"

BCI67 10p 2/12905 22p* 7426 741C T099 or 011 14 39p*
BCI68 1 1p 2929260 10p 7430

774414435

7413C Op Amp 33p'
BCI69 12p 2113053 16p* 7432

74147
3900 Quad Op Amp 55p'

0C177 18p* 2113055 45p 7440
BCI78 my 293614 El° 7441

7415474152

7805 I Amp 5 volt 95r

BC179 18p' 29.1702 9P
74427805 7031309111 El "

74155
7808 or 7812 E1.25"

BCI83 10p 293706

9p

9P

7445
746 74156

7815 15 volt plastic 69p'BCI82 ipp 22113704

7744116457

7900 Negative Series
(2.50"

B8CC218412 1184 292113820381W 38pI8P
77449441

8038 Sig Generator E3.55"
0C213 12p 2113904 1 5p 1450

BC214 12p 263906 15p 7451

74190
C63130 8 CA3144 94p*
76013 8 76023 E1.3574174

74176

BCY71 20p' 2114347 50p. 7453 LM3130 I wall Amp 85p
00131 37p* 295457 32p 7454 LM381 Dual Preamp £1.5574192
00132 37p. 295777 44p* 7460 I.M387 Dual Preamp El74193
00695 69p* T131 E2* 7470 74194 1M3900 Quad OPA 55p*
B0696 69p* T1L63 El° 77447732 74196 MCI310 Decoder El

74197 MCI460. 1461 & 1469 Er
7474 74198 MCMOS 14433.8/0 Er

l!MPI
CMOS TOP VALUE

DIODES & BRIDGE
IA 513v Bridge 22p*
164148 or 19914 4p*
0481 or 0491 5p
04290 & 202 1OP
194001 1450v 5p"
194004 7p*. 194007 15p'

9p"
10p*
10p"
17p*

9P*
28"
28p'

12p*
12p*
10p*
22p"
22p*
211p0
28p*
211p.
10p*
26p*
26p"
26p*
10p°
20"
14p*

79p*
87p*
69p*
88p*
112p*
El'

15p"
15p*

15p"

15p*

I 5p"
29p*
26p*
25p"
29p*

4000 151)-
41101 15p"
40024006

1E781:

4007 18p*
4008 92p*
4009 58p*
4010 58p*

3913* 3 04011 1 5p*

r5p.: 2r:1.44001153 951358:pi

36p' 4012

359* 4016 52p"
75P' 4017 99p"
MP' 4018 99p*
9913* 4020 El*

E1.15" 4021 El*
2911* 4022 90p*
2LP* 4023 20p*
9.P* 4024 76p*

0.14*95p:
4027

0109p;

9913 4028 90p*
(1.69* 4020

E2*
Cl"

1030 58p*
4032 El

80p* 4034 £2*
80p* 4035 El .20*
El* 4038 E1.08*
El 4040£1.05"
El 4041 86p*Cl'4042 81p*
£2' 4043 96p*

4044 95p*
£2" 40404647 E 10.4:

£1.30* 4049 52p*
El* 4060 £1.15*
E2* 4063 EI.10"

4066 58p'
4067 E4"
4069 22p*
4070 32p*
4071 2lp"
4072 21p"
4073 21p*
4075 23p"
4076 E1.29*
4077 40p*
4078 21p"
4081 22p*
4082 21p*
4089 £1.50*
4093 85p"
4507 55p'
4508 Er
4510 £1.35*
4511 E1.68*
4512 98p*
4514 E2.65*
4516 £1.28*
4518 £1.05-
4520 E1.10"
4521 E2.68*
4522 E2"
4528 99p"
4534 E7.813*
4536 E3.60*
4541 £1.50*
4543 (1.75"
4553 (4.49*
4556 78p*
4558 E1.17*
4566 £1.59"
4569 £3.59*
4583 ELIO'
4585 E2.05*

OIL SOCKETS 8 pin 12p* 28 Pin

Low 24 Pin 50p 40 Pin

Profile 14 or 16 Pin 15p

£1

E1.50

NE536 FET OPA E4*
NE555 Timer 27p*
NE556 Dual 555 70p*
TBA810 7w AF El
19414 Radio 65p
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CONTENTS
Graphic Equalizer

RF Attenuator
ETI Watchdog

Sweep Oscillator
£2 Sound Improver

Stereo Simulator
Freezer Alarm

General Preamplifier
Stars & Dots Game

GSR Monitor
Burglar Alarm

Headlight Reminder
Bench Amplifier

CCTV Camera
Audio-visual Metronome

Expander -Compressor
Power Amplifier Modules

Digital Thermometer
Headphone Adaptor

Hear & Tell unit
Led dice

Active Crossover
Marker Generator

Skeet Game
Flash Trigger

Disco Lightshow Unit
Pink Noise Generator

SPECIAL
_Graphic

-
Equaliser.

....Marker toleratorPower' Amplifier Generator
C2SamCV, Camera

... Heat/pew
Ad110 Dice.

....

Headphone

flash frigerExpander
-Compressor

*II

arm ...00781
ThermometerStars 0 Dots lye Came

.....liostowActive Crossover...
Hear and fellIlmt

Top Projects 6 is the latest special in the 'Top Projects' series, with
reprints of 27 projects from past issues of ETI. TP6 is available soon at
your local newsagents or direct from ETI now. Send a cheque or PO for £1
plus 25p p&p, to:

ETI TP6
25 / 27 Oxford Street
London W1R 1R F

Please write your name and address on the reverse of your cheques or
POs.
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Join

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation
Each of the 6 volumes of this self -instruction
X 81/4'- and contains 60 pages packed
questions designed to lead you step by
and Boolean algebra, to memories,
circuits, and on to a complete understanding
operation of calculators and computers.
Design of Digital Systems

De 1_4.1"*.,1.<4. \et.
Dell9n of  N,
Digital Systems

Digital

...
course measures 111/4...

with informatiOn, diagrams and
step through number systems

counters and simple arithmetic
of the design and

E 8
plus £1 packing and surface
post anywhere in the world.
Overseas customers should
send for Proforma invoice.
Payment by credit cards
accepted.

......._...._ .......

Book1
.

1 0
3 -

4 ,J

Also available - a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics
In 4 volumes

1. Basic Computer Logic
2. Logical Circuit Elements
3. Designing Circuits to

Carry Out Logical Func-
tions

4. Flipflops and Registers

£4.60
plus 90p P & P

Offer Order both courses for
the bargain price £12 plus £1
P&P.

A saving of £1.50.

Designer These courses were written so that you could
Manager teach yourself the theory and application of

digital logic. Learning by self -instruction has the
Enthusiast advantages of being quicker and more thorough
Scientist than classroom learning. You work at your own

speed and must respond by answering questionsEngineer on each new piece of information before pro -
Student ceeding to the next.

FLOW CHARTS & ALGORITHMS - The Algorithm
Writer's Guide - Construction, content, form, use, layout of
algorithms and flow charts. Vital for computing, £2.95
training, wall charts, etc. Size A5, 130 pages. plus 45p P&P

Guaranteed - If you arenot entirely satisfied your money will be
refunded.
CAMBRIDGE LEARNING ENTERPRISES. Unit 15 Freepost, RIVERMILL LODGE, ST. IVES.
HUNTINGDON. CAMBS. PE17 48R, ENGLAND. TELEPHONE ST. IVES (0480) 67446.
PROPRIETORS DRAYBRIDGE LTD. REG. OFFICE RIVENHALL LODGE, ST. IVES. Giro Ac.
No. 278 9815. REGD. IN ENGLAND NO. 1328762.

f' .. . 1. 1.1i.,
Cambridge Learning Enterprises, Unit 15 Freepost
Rivermill Lodge. St. Ives. Huntingdon, Cambs, PE17 4BR, England
Please send me the following books

sets Digital Computer Logic & Electronics @ £5.50 p&p included
sets Design of Digital Systems @ £9.00 p&p included
Combined sets @ £13.00 p&p included
The Algorithm Writer's'Guide @ E3.40 p&p included

Name

Address

I enclose a cheque,' PO payable to Cambridge Learning Enterprises

for E

Please charge my ' Access, Barclaycard /Visa , Eurocard , Mastercharge , Interbank

account number

Signature  delete as appropriate
Telephone orders from credit holders on 0480-67446 (Ansafone). Overseas customers

Lshould send a bank draft in sterling drawn on a London Bank. ELd

TRANSFORMERS
Panel Meters, Bridge Rectifiers, Power Supply Units
Multimeters - Semi Conductors - Timers - Safebloc

Miniature & Sub Miniature

Volts
Milli- Ref. Price

P&P
3-0-3 200 238 1.95 55
0-6.0-6 1A 1A 212 2.60 55
9-0-9 100 13 1.85 40
0.9.0.9 330 330 235 1.95 40
0-8-9 0-8-9 500 500 207 2.35 55
0-8.9 0-8-9 1A 1A 208 3.50 55
0-15.0-15 200 200 236 1.95 40
0-20.0-20 300 300 214 2.35 70
20-12-0-12-20 700IDC) 221 3.10 70
0-15-20.0-15-20 1A 1A 206 4.20 85
0-15-27.0-15-27 500 500 203 3.65 70
0-15-27.0-15-27 1A 1A 204 4.75 85

12 AND/OR 24 VOLT
'Ps 220-240 Volts

Amps Price
12V 24V Ref. E p&p
0 5 o.25 111 1.95 55
1.0 0.5 213 2.30 70-
2 1 71 2.90 70
4 2 18 3.75 70
6 3 70 5.35 85
8 4 108 6.25 1 00
10 5 72 6.95 1.00
12 6 116 7.85 1.00
16 8 17 9.25. 1.10
20 10 115 12.75 1.30
30 15 187 16.60 '1 30
60 30 226 22.90 1.60

30 VOLT ,Pit. 22.0-240V)
Sec. 0-12-15-20-24-30V

Price
Amps Ref No. a E P&P
0.5
'1.0

112 2.45 /0
79 3.05 70

2.0 3 4.80 85
3.0 20 5.80 1 00
4.0 21 6.85 1.00
5.0 51 7.75 1 00
6 0 117 9.50 1 00
8.00 88 11.35 1 30
100 89 12.00 1.30

CATALOGUE 30p

Please add VAT at 8%
Barclaycard and Access facilities

available
d Education Welcome

50 VOLT ,Prs 220-240V)
i Sec CT -19-25-33-40-50V

Price
Amps Ref. No.: E

0.5 102 3.20
1.0 103 4.20
2.0 104 6.10
3.0 105 7.85
4 0 106 9.80
6.0 107 14.95
8.0 118 15.75
10.0 119 20.50

P&P

1.00"'
1 00
1 10
1 30
1.50
2.00

60 VOLT ,Pri 220-240V)
Sec 0-24-30-40-48-60V

Price
Amps Ref. No. E P&P
0.5
1.0
2 0

124
126
127

3.40
4.65
6.50

70
85

1 00
3.0 125 9.15 1.10
40 123 11.25 1.30
5.0 40 11.80 1 30
6.0 120 14.75 1 40
AUTO TRANSFORMERS
Input Output Tapped 0-115-210-240V
VA Price
giVattsy). Ref. No. E P&P

zn 11 2.25 70
75 64 3.50 70

150 4 5.35 85
Input Output Tapped
0-1 15-210-220-240V

300 66 7.15 1.00
500 67 10.75 1 30

1000 84 17.00 1 40
Also 1500 2000/3000VA
MAINS ISOLATING (Centre Tapped
& Screened)
Pri 120'240 Sec
VA
(Watts) Ref. No.

120/240V
Price

E P&P
60 149 5.75 85

100 150 6.40 1 00
200 151 10.00 1.10
250 152 11.95 1 30
350 153 14.45 1 40

1000 . 156 35.00 3 00

54a Mortimer Street
BAYDIS Herne Bay, Kent

 Hei ne Bay 64586

7-11
ONLY

30P

Send stamped
addressed envelope
for catalogue /order
form and up to four

priced lists of components for
ETI projects from January, 1978.

Examples from Ace Range.

555
ONLY

501)

T1L209
ONLY

15P

1N4001
ONLY5p

All prices include VAT. P&P FREE over £2.

Name

Address

Get an ACE up uour

CATALOGUE/ORDER FORM
SEND SAE

ACE MAItTRONIX LTD

Oett ETI8 fox Street

Wilisheid.W Yorkshire Wfl SIR

Cambridge Learning Enterprises

SUMMER OFFER
Until 1st August, 1978

Just send this token with your order for a 10%
discount which entitles you to books at the fol-
lowing prices:

Digital Computer Logic and Electronics £4.95

Design of Digital Systems £8.10
Combined set £11.70

Algorithm Writer's Guide £3.06
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MK14-the only low-cost
keyboard -addressable
microcomputer!
The new Science of Cambridge
MK14 Microcomputer kit
The MK14 National Semiconductor Scamp based
Microcomputer Kit gives you the power and performance
of a professional keyboard -addressable unit - for
less than half the normal price. It has a specification
that makes it perfect for the engineer who needs to
keep up to date with digital systems or for use
in school science departments. It's
ideal for hobbyists and amateur electronics
enthusiasts, too.

But the MK14 isn't just a training aid.
It's been designedforpractical performance,
so you can use it as a working component
of, even the heart of, larger electronic
systems and equipment.

MK14 Specification
* Hexadecimal keyboard
* 8 -digit, 7 -segment LED display
* 512 x 8 Prom, containing monitor

program and interface instructions
* 256 bytes of RAM
* 4MHz crystal
* 5V stabiliser
* Single 6V power supply
* Space available for extra 256 byte

RAM and 16 port I/O
* Edge connector access to all data

lines and I/O ports
Free Manual

Every MK14 Microcomputer kit includes a
free Training Manual. It contains

".

operational instructions and
examples for training applications, and
numerous programs including math routines
(square root, etc) digital alarm clock,
single-step music box, mastermind and
moon landing games, self -replication,
general purpose sequencing, etc.

Designed for fast, easy assembly
Each 31 -piece kit includes everything you
need to make a full-scale working
microprocessor, from 14 chips, a 4 -part
keyboard, display interface components,
to PCB, switch and fixings. Further software
packages, including serial interface to TTY
and cassette, are available, and are
regularly supplemented.

The MK14 can be assembled by anyone
with a fine -tip soldering iron and a few
hours' spare time, using the illustrated
step-by-step instructions provided.

Tomorrow's technology - today!
"It is not unreasonable to assume that
within the next five years . . there will be
hardly any companies engaged in
electronics that are not using micro-
processors in one area or another"

Phil Pittman, Wireless World, Nov. 1977.

I-To: Science of Cambridge Ltd, Name
6 Kings Parade, Cambridge.
Cambs., CB2 1SN.

Please send me an MK14 Standard

Lllow 21 days for delivery
+ 8% VAT and 40p p&p) ETI 8

Cambridge 1

Microcomputer forKI enclose (cheque/
Money order/PO £43.55 £39 95

(+ £3.20 VAT, and p&p)

The low-cost computing power of the
microprocessor is already being used to
replace other forms of digital, analogue,
electro-mechanical, even purely
mechanical forms of control systems.

The Science of Cambridge MK14 Standard
Microcomputer Kit allows you to learn more
about this exciting and rapidly advancing
area of technology. It allows you to use
your own microcomputer in practical
applications of your own design. And it
allows you to do it at a fraction of the
price you'd have to pay elsewhere.

Getting your MK14 Kit is easy. Just fill in
the coupon below, and post it to us today,
with a cheque or PO made payable to
Science of Cambridge. And, of course, it
comes to you with a comprehensive
guarantee. If for any reason, you're not
completely satisfied with your MK14,
return it to us within 14 days for a full
cash refund.

Science of Cambridge Ltd,
6 Kings Parade,
Cambridge,
Cambs., CB21SN.
Telephone: Cambridge (0223) 311488

Address (please print) Scienceof,

66 ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978



FEATURE

VFETS FOR
EVERYONE PART 2
In the second half of this article, reprinted from our Canadian edition, the
practicalities of VFET circuitry are explained.

In general these devices may use any of the types of
output circuits in general use with valves and bi-
polars, including transformer coupled (Fig. 12) where
the benefits of the absence of charge carrier storage
become apparent in the absence of severe ringing at
the crossover point;conventional series output such
as in Fig. 1 which is a straightforward transforma-
tion from a bi-polar circuit (1), and single -ended
output with current source, also transposed from an
excellent bi-polar circuit (2) (Fig. 2).

Bias and Drive
These series of devices are n -channel, enhancement
type MOSFETS, and may be biased and driven using
methods appropriate to signal types and bi-polars.
The drain is made positive with respect to the source
and the gate enables conduction by being forward
biased with respect to the source, that is to say it is
biased in a positive direction. Unlike bi-polars, how-
ever, they are voltage, rather than current controlled,
and circuit values are selected to provide the required
voltage. Any current drawn is by the bias network
itself.

Three bias methods are shown; Fig. 3 shows bias
supplied from a fixed bias supply. It is the simplest
possible method, allows extremely high input imped-
ances, since Rg may be almost any very high value
desired, and its stability is limited only by the stability
of the bias supply.

The design shown in Fig. 4 has the advantage of
requiring no extra supply voltage since it is taken
from Vdd. Disadvantages are those of impedance and
stability. Input impedance consists of the parallel
combination of RI and R2 (disregarding input
capacitance of the MOSFET and the very low input
leakage). There are practical limits as to how high this
combination can become; if for example, we have a 60
volt supply and require 6 volts bias, we might have
some difficulty obtaining higher values than 9
megohms and one megohms for R1 and R2.

Higher values become more difficult to obtain,
stability becomes less reliable, internal inductance
and distributed capacitance become problems, and
overcoming these difficulties usually costs money. In
addition, if Vdd is subject to variation, then bias
varies. In a class AB amplifier this could be quite

We have just received a note from Siliconix giving the
following changes in type number - VMP-1 1 becomes
2N6656; VMP-1:2N6657; VMP-12:2N6658; VUP-
21.2N6659; VMP-2:2N6660; VMP-22:2N6661.

Fig. 1. Series output arrangement and Fig. 2 single -ended output
with current source.

R

VC] q

Fig. 3. High -impedance separate bias supply, Fig. 4 moderate
impedance supply and Fig. 5 high -impedance common supply.

serious, since Vdd varies considerably with output
level; at high levels, Vdd can be expected to drop,
causing a reduction in bias.

While this may reduce the danger of over -driving
the device, it will be forced to operate in its non-linear
region which may result in unacceptable perform-
ance characteristics unless taken into consideration
in the overall circuit design (e.g. choice of feedback
values). It does provide some degree of overload
protection, and with correct choice of values can
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provide for class AB operation at low levels, shifting
to class B at high levels. With these considerations in
mind, and/or where moderate impedances are req-
uired, it offers a low cost, simple, and reasonably
reliable method of establishing the operating point.

The method used in Fig. 5 is similar except that
with the addition of R3 higher input impedances are
possible. Its configuration is similar to a noiseless
biasing system frequently used in low-level bi-polar
amplifiers and integrated circuits (e.g. National
LM381A) but its function is somewhat different..
Resistors RI and R2 form a voltage divider as in Fig.
4 but their junction now forms a fixed bias source as
in Fig. 3. Resistor R3 can be quite high since no
current flows. Meanwhile, since the parallel com-
bination of RI and R2 are effectively in series with R3
they can be reduced to more manageable values.
Alternatively R2 can be replaced by a zener diode for
stability comparable to Fig. 3.

Input Protection
Unlike most signal MOSFETS, the gate of each of
these devices, with the exception of the VMP 4, is
protected with an internal 15 volt, 10mA zener diode.
Most signal MOSFETS, as well as the VMP 4 are
unprotected, or where extremely high, impedances
are not required, are protected by back to back
zeners. I have no information as to why this different
technique is used, but it is obvious that a negative
signal swing on the gate will result in forward current
through the zener. If the device is to be driven
beyond cutoff, the driver must be capable of de-
livering current during its negative swing. Altern-
atively a constant current source can be used, a series
limiting resistor or a driver biased to the same class of
operation as the V-MOSFET.

A constant current source (we'll examine an
example of its use a little later) will limit current drive
to the value of the constant current diode used; a
series resistance will drop the drive voltage as the
diode draws current. In both cases, diode current
must be limited to 10mA maximum. Higher currents
will damage the protective. Higher currents will
damage the protective zener diode.

However, if a class B output is used, conduction
only occurs during positive half -cycles. Therefore,
drive signal is not required during negative half -
cycles. If a source or emitter follower driver stage is
biased so as to pass no negative drive, the problem
does not occur. However, great care must be exer-
cised in the design of such a stage to ensure that drive
does not disappear before the output device is cut off.

This is not too difficult with a class B or near class B
stage; if the output device is operated at zero bias,
then a small amount of bias on the driver will ensure
conduction during slightly more than 180 degrees.
Class AB operation is a little more tricky. If conduc-
tion is to occur for 270 degrees, for example, the driver
should conduct for slightly more than this period.

Two types of drive circuits familiar to designers of
bi-polar circuits are the Darlington and Super beta,
commonly used together to provide a quasi -
complementary circuit. Both circuits are current
amplifiers designed to provide a compound device
with very high hfe and provide base current to the
output device. However, similar circuits can be used
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4

LT) 1.6
2

6

o2
cc) cc
0
07 Z

a 0.8

r,
cr

1.2

0.4

VGS 10V AND 15 V
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-40 0 40 80 120

T TEMPERATURE 1 CI

160

Fig. 6. Drain to source resistance against temperature
(Siliconix).

0
D

TO PREVENT SPURIOUS OSCILLATIONS. A 500 L.!
1K :( RESISTOR OR FERRITE BEAD (FOR HIGHER
SPEED) SHOULD BE CONNECTED IN SERIFS WITH

GATE

Fig. 7. Basic circuit for parallel operation.

W 90
12 V BULB

HIGH = ON
LOW =OFF

H11

I

7=7

Fig. 8. Circuit of a high -efficiency light dimmer.

with these devices to provide phase inversion in a
series output stage.

Thermal Considerations
As described earlier these devices exhibit a
negative temperature coefficient with respect to
current, so that as temperature rises, current is
reduced, thus providing a self -inhibiting action which
provides some protection against overload. However,
this is not an unconditional effect. Fig. 6 show the
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Fig. 9. Diagram for series operation.
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Fig. 10. A DC to DC converter (Siliconix).

100/35 V
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100 Hz -15 kHz

Fig. 11. Simple single -ended transformer -coupled audio power
amplifier (Siliconix).

relationship between RDS (on) and temperature (3),
based on a worst case temperature coefficient of 0.7
per cent per degree C.

Suppose that the device when on passes a current
of 1 amp which causes it to heat up. The on resist-
ance increases (which is why current drops), in-
creasing the voltage drop across the device and the
device dissipation. Now, if adequate heat sinking is
used there is no real problem but if it isn't, the on
resistance and junction temperature will rise to the
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point where extra charge carriers are generated, thus
stabilizing RDS(on). That's great, except for the fact
that this doesn't occur until the maximum safe
junction temperature of 150 degrees has been ex-
ceeded.

You'll remember that we said earlier that the device
was free of thermal runaway problems because of its
negative temperature coefficient, but it isn't free of
thermal destruction problems, and in any case, ex-
cessive temperatures will reduce output conduct-
ance. Heat -sinking requirements are, therefore, simi-
lar to those of bi-polars. The calculations of thermal
operating conditions are beyond the scope of this
article, but interested readers are referred to the
Siliconix literature listed in the references, (4).

Extending The Ratings
The current handling capacity and therefore total
dissipation capability may be easily increased by
simply connecting several devices in parallel (Fig. 7).
No ballast resistors are needed to ensure proper
current sharing since if one device draws more
current than another it simply gets a little warmer
which causes it to draw less (assuming adequate
heat sinking, of course). The only major precaution
needed is to keep lead inductance in the gate and
source connections to a minimum to prevent parasitic
oscillations, unless the devices are driven from a low
impedance source.

It may be advisable to insert "stoppers" - small
resistors (100 to 1000 ohms) in series with each gate,
wired directly to the socket, or ferrite beads mounted
on the leads close to the socket terminals. An ad-
ditional plus when paralleling several devices is that
the gm is multiplied by the number of devices used.
Mutual conductance gm is specified as the ratio of a
large change in current to a small change in control
voltage. If, for example, a change of 0.4 volts on the
gate produces a change of 0.1 amp through one
device, connecting two devices in parallel will give us
an output swing of 0.2 amps, but it will still require
only the original 0.4 volts gate swing. Since voltage
gain A =gm x RL, if gm is increased, A is increased.

In real use, of course, the internal resistance of two
devices in parallel is less than of one, the optimum
load is less, so in amplifier applications, the net
amplification A is the same. But notice that the drive
requirements have not changed. With bi-polars cur-
rent would have to be supplied to each base, thus
increasing the output requirements of the drivers.
Indeed, with many high -power amplifiers using
multiple output devices the drivers are also power
devices.

We can also extend the voltage ratings by series
operation of two or more devices; Fig. 9 shows the
technique. Resistors RI and R2 bias Q2 on while Cl
and C2 ensure fast switching. Input control signal is
inserted between gate and source of Q I . Ordinarily
the bottom of the divider chain is at ground potential
for signal frequencies, so that circuit is really a
cascode.

Maximum current and gm are the same as for one
device.
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Some Practical Applications
An efficient light dimmer circuit as proposed by
Siliconix is shown in Fig. 8. The 4011 acts as a pulse
width modulated oscillator whose duty cycle is de-
termined by the ratio of R1 to R2, with R2 adjusted to
control the brightness of the bulb. Of special interest
here is the fact that with its fast switching time, the
VMP1 is especially suited to pulse width modulation
at power levels and suggests it as being suitable for
use in switching, or class D linear amplifiers.

A DC to DC converter is outlined in Fig. 10. The
VMP 1 s form an oscillator with positive feedback
provided by the additional coil in the gate circuits. In
operation the upper V-MOSFET is biased on, and the
lower V-MOSFET is off. When power is applied the
upper device conducts causing current to flow from
Vdd through the upper half of the transformer
primary and the upper V-MOSFET to ground. The
induced current flow through the feedback coil
develops a voltage such as to shift the bias in the
upper device off (if the winding is connected with
the correct polarity) and the lower device on. This
causes current flow from Vdd through the lower half
of the transformer primary and the lower V-MOSFET
to ground.

The secondary circuit consists of a single rectifier
and filter. The resistor in the upper gate prevents
shorting out of gate bias, and the one in the lower
gate keeps both sides balanced. In addition, each
resistor limits current through the protective diodes.
These are expensive devices for such an application,
but the high reliability, the reduced RF radiation (due
to reduced switching transients) and the circuit
simplicity easily make up for the cost. The very high
circuit impedance allows for running frequency to be
set by the self resonance of the transformer.

A single ended and push-pull transformer coupled
amplifier for audio applications are shown in Figs. 11
and 12. Both designs utilise the biasing system des-
cribed in Fig. 4. A load -line drawn on the output cha-
racteristic will show the optimum load to be 24 ohms.
In Fig. 11 gate drive is supplied by a single
junction FET, and voltage feedback is taken from the
output transformer secondary and series fed to the
source of the input device. Distortion is under 2 per
cent at full output (try to get that with a single ended
valve or bi-polar) and could probably be reduced even
further by adopting a source follower output stage.

A push-pull version of Fig. 11 is shown in Fig. 12
using a differential input to provide phase splitting,
drive, and a feedback point. Although the trans-
former winding ratio implies the use of a low imped-
ance loudspeaker, a step-up ratio could be used for
direct coupling to an electrostatic speaker, a balanced
transmission line (both with some modification of the
feedback circuit) an unbalanced transmission line, or
a 70 volt speaker distribution line.

Notice in both circuits, and in the biasing circuits
shown that no source resistors have been used, either
for local feedback or for bias setting. In valve and
bi-polar circuits it's a useful technique, and with
bi-polars can be used to stabilize bias and control
thermal runaway by using the increased current flow
to increase the voltage drop, thus reducing base -
emitter voltage. However, if used with these devices,
it will actually impair the self-limiting action of its
negative temperature co -efficient. If temperature
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Fig. 12. Transformer -coupled output.
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Fig. 13. Tape recording amplifier.
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Fig. 14. A FET as a constant -current source.

rises due to high current, current flow is reduced. This
would reduce the voltage drop across a source resis-
tor, lowering the source voltage and increasing the
gate -to -source voltage, causing an increase in current
flow. The circuit would work great while it lasted -
which wouldn't be for long.
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Power Amp
In Fig. 15 we have a high quality power amplifier
designed by Lee Shaeffer of Siliconix Inc. (5) and
described in their application notes. Output current
capability is increased by using three VMP12s in
parallel; providing for 6 amp current, 75 Watt dis-
sipation and optimizing the load at 8 ohms. Q11-13
operate as a source follower, while Q8-10 form a quasi
source follower. This is accomplished by applying
local feedback from drain to gate via R14, R15, and
driving the gate by a modified current source. This
consists of a cascode circuit with a constant current
diode as the load.

For the benefit of those not familiar with these
devices, a constant current diode is really a FET
connected internally as shown in Fig. 14. Since
current in a FET is controlled essentially by the
gate -to -source voltage, changes in load or in applied
drain to source voltage have negligible effect since
gate -to -source voltage is held constant. This is a
current analogue to the zener diode and is described
in detail in Siliconix literature (6).

The design is push-pull from input to output,
thanks to differential circuitry throughout, prior to
the drivers. Open loop distortion is low, bandwidth
wide, allowing satisfactory performance with only
22dB of feedback.

Complete construction plans including PCB
layout are available from Siliconix (7). A word of
caution, however. Readers accustomed to construc-
tion articles in which the writer does everything but
hold your soldering iron will find these plans rather
sketchy. They consist of a spec sheet, schematic,
board and parts layout, two paragraphs of construc-
tion suggestions, initial adjustments, and a parts list.
Parts, generally. are specified as to value and rating,
and that's it. These plans are excellent, but they
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assume some knowledge and experience on the part
of the constructor. Regular 'eti constructors'
should have little difficulty.

Finally, how about something elegant for its sim-
plicity, such as the Tapered Current Voltage Limited
battery charger shown in Fig. 16. This is especially
useful with Ni-Cad batteries which are intended for
stand-by use and are permanently on charge, such as

2V

R2
3316

F13

01
VMP1

21K

68K

BATTERY
UNDER
CHARGE

Fig. 16. Tapered -current voltage -limited battery charger.

electronic clocks. Overnight shut -downs of a few
hours are occasionally but irregularly experienced.
You know what this can do to clocks. Especially
alarm clocks which are supposed to make noises, turn
on radios, start the coffee at a pre-set time in the
morning so you can go to work. Battery operation is
not too satisfactory if the readout is on continuously,
and Ni-Cads should not be on permanent floating
charge.
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With this little device current is supplied to the
battery via the VMP-1. Gate voltage is set at a value
equal to the desired end of charge voltage. As the
battery charges its voltage increases, reducing gate -
to -source voltage, thus reducing charging current.
When the battery reaches full charge its voltage and
that of the source equals gate voltage, and charge is
terminated. If a load is placed across the battery it will
draw current, and as the battery voltage drops
slightly below gate voltage, charging at a trickle rate
occurs - automatic.

Experimentation
The various applications shown are intended as,
suggestions for further experimentation on the part
of the reader. They are mainly designed to illustrate
various characteristics of the device under consider-
ation, and are not necessarily representative of com-
mercial practice or of finished designs. In some cases
this may be just as well. But we would be delighted to
hear of any readers' experience with any of these or
other circuits.

The author's own feeling is that V-MOS constitutes
a genuine breakthrough in semi -conductor techno-
logy, as important as the silicon transistor and the
FET itself. We'll be seeing more of these devices, with
higher ratings (a 10A 200V unit is already under
development) and specialized characteristics. They
are said already to be in use commercially as mag-
netic core drivers.

Our new 1978 catalogue lists a whole range of
plastic boxes to house all your projects. And
we've got circuit boards, accessories, module
systems, and metal cases - everything you need
to give your equipment the quality you demand.
Send 25p to cover post and packing, and the
catalogue's yours.

VERO ELECTRONICS LTD. RETAIL DEPT.
Industrial Estate, Chandlers Ford, Hants. S05 3ZR

Telephone Chandlers Ford (04215) 2956
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Digital enthusiasts may be somewhat impatient
with the strong emphasis on audio applications in this
piece but other literature has placed great emphasis
on digital applications, with little attention paid to
linear techniques beyond the 40 watt amplifier de-
scribed here. The serious reader in all areas is referred
to the references at the end.

Further literature may be obtained from the
manufacturer, Siliconix Inc., 2201 Laurelwood Rd.,
Santa Clara, CA 95054, California. They have been
most helpful in providing information for the prepa-
ration of this article.

Have fun. a -n
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transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproof in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. All kits fit vehicles with
coil; distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED
Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon
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installation instructions.
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FROM
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Capacitors
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64uF 1 OV elect. 5 for 50p
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SPECIFICATION LISTS ON REQUEST (Send S.A Envelope)

GOODS FULLY GUARANTEED. PRICES EXCLUDE VAT
(ADD 8%) BUT INC. P&P CHEQUE WITH ORDER

Company, Hospital and Government orders accepted 6y
phone

EXPORT ORDERS ACCEPTED
Barclaycard, Access order accepted by phone

Tel. 01-455 9855

MOUNTAINDENE LTD
22 Cowper Street, London, EC2.
(Near Old St. -Station) Tel. 01-455 9855
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PROJECT

ALL PURPOSE
POWER SUPPLY
The ETI project team presents a high performance Power Supply Unit based on an
encapsulated regulator block.

THOSE OF YOU who threw up
various parts of your anatomy at the
sight of yet another power supply
design probably fall into two groups.
One will use batteries, will always
have used batteries and won't see
why they shouldn't continue to use
batteries ad infinitum. There will be
others who have a power supply --
be it ever so humble - and are fed
up with four-part articles describing
the construction of same.

What is this fetish with PSUs?

Cell Your Batteries
We appeal to those of you in the
first category to give batteries the old
heave ho if only on financial grounds

batteries really are a very
expensive way of buying power.
They also come in fixed voltages and
any current limiting attributes are
limited to dying a death at the first
sign of the short circuits that are
bound to occur in even the most
ordered of development work.

Supply And Demand
To those of you who fall into our
second group we ask you to take a
look at your present Power Supply. Is
it up to the job? Does it have variable
current limiting (0-1 A)? Can it
provide an adjustable output of up to
30 volts? Does it have a couple of
LEDS to indicate its mode of
operation (voltage/current)? Can you
isolate the DC output? Does it
provide for remote voltage sensing?

Needless to say our clbsign meets
all these criteria.

Meg A Mania
The unit is easy to build as it is
based on an encapsulated Power
Supply Module. The module itself

ELECTRONICS TODAY INTERNATIONAL

takes care of nearly all the work but
in its naked form can only provide a
100m A output, Q1, acting as a
series pass element, means that up to
1 A output can be provided.

The photographs show that we did
not use a PCB for this project but
mounted components directly to the
PSIJ module or on a small strip of tag
board.

Construction
Construction should be
self-explanatory if the circuit diagram
is followed through, about the only
point to watch is the gauge of wire
used in the current carrying sections
of the design, make sure it's of
adequate rating. Also make sure that
the sense wires are taken to a point
as near to the output sockets as near
to the output sockets as possible. A
switch jack socket inserted in the

- AUGUST 1978

sense leads will provide a remote
voltage sense option.

The meters are an optional extra,
but we felt that these added that
extra touch of professionalism to the
device.

BUYLINES

ET1 

THE regulator module is available
from Doram Electronics for £13.05.

The case used in the prototype was
an Alson type 23 (10Y2 x 61/2 x 61/2).
Alson are at 5/7 Long Street, Lon-
don.

The other components should be
generally available.
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PROJECT Power Supply

RV1
100R

FIG. 1. Circuit diagram of the
power supply. The components
are mounted either on the
module itself or on a small tag 500R
strip - see photograph below.

T1
15-0- 15V

SW1

PARTS LIST

91
1k8

+

LED1 Cl
47000

RESISTORS (all 5% 1/4W unless  2%
MO).

R1, 5
R2'
R3'
R4'

1 k8
470R
33k
2k7

POTENTIOMETERS
RV1 1 00 R preset
RV2 500R
RV3 25k

CAPACITORS

C1
C2
C3
C4

4700u 501 electrolytic
100n 250V polyester
10n 250V polyester
10u 50V electrolytic

SEMICONDUCTORS
Q1 2N 3055
LED1-4 TIL 209
BR1 2A 50V

TRANSFORMER
T1 1 5-0-1 5 1.5A

SWITCHES
SW1 , 2 Single pole on off

MISCELLANEOUS
1-30V, 100mA regulator module, tag
strip, 1 OOuA meters, case ,

C2
100n

4 5

N/C

REGULATOR MODULE

24 23 22 21 20 19 18 17

10

16

Ve SENSE

12

14

The photograph, right, shows clearly the
method of construction adopted in our
prototype. Ensure that the wires carrying
high currents are of adequate rating.

LED2 LED3

NOTE
01 IS 2N3055
LED1-4 ARE TIL209

R2
4709

M

R3
33k

R4
2k 7 -Ve SENSE

HOW IT WORKS
THE AC mains is stepped down to 30 volts by
transformer T1. This AC signal is rectified
and smoothed by BRI and Cl. LEDI indicates
the unit is on.

The regulator module provides all the
control functions associated with a Power
Supply.

RV1 and RV2 set the current limit, RVI
setting the maximum output current. RV3
sets the output voltage.

The basic module can provide outputs of
up to 100mA only, Q1 increase the module's
output capability to 1A.

LEDs 2 and 3 indicate which mode of

operation the supply is in (LED2 is current
mode, LED3 is voltage).

The resistors in series with the meters
should be selected to ensure that the meters
are calibrated, the values given are for our
prototype and.may need slight alteration.

C2 is included to improve the stability of
the design.

The output from the module is further
smoothed by C3, C4.

SW2 is the DC isolation switch and LED4
indicates that a DC output is present at the
unit's output terminals.
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E14.25

ETI BOOK SERVICE
BASIC: A Self Teaching Guide (2nd Edition)
by ALBRECHT. R. L.
Teach yourself the programming language BASIC. You will learn how to use the
computer as a tool in home or office and you will need no special maths or science
background.

computing

Illustrating BASIC £2.20
by ALCOCK, D.
This book presents a popular and widely available language called BASIC and explains

how to write simple programs.

£4.50 Microprocessor Systems Design £14.35
by KLINGMAN, E.
Outstanding for its information on real microprocessors, this text is both an introduction
and a detailed information source treating over a dozen processors, including new .third
generation devices. No prior knowledge of microprocessors or micrOelectronics is
required of the reader.

BASIC Programming
by KEMENY, J. G.
A basic text.

Microprocessors £10.65
by ALTMAN, L.
Gives a general overview of the technology design ideas and explains practical
applications.

Applying Microprocessors
by M..TMAN, L.
Follow up volume which takes you into the second and third generation devices.

Intro to Microprocessors
by ASPINALL, D.
Explains the characteristics of the component.

£12.00

 How to Buy and Use Minicomputers and Microcomputers £7.50
by BARDEN, W.
Discusses these smaller computers and shows how they can be used in a variety of
practical and recreational tasks in the home or business.

E6.10

Microprocessor and Small Digital Computer
Systems for Engineers and Scientists E19.00
by KORN, G. A.
This book covers the types, languages, design, software and applications of micro-
processors.

TV Typewriter Cookbook £7.40
by LANCASTER, D. .

£6.00 An in-depth coverage of tv typewriters (tvt's)-the only truly low-cost microcomputer
and small -system display interface. Covers tvt terminilogy, principles of operation, tv
conngurations, memones, system design, cursor and update circuitry and techniques,
hard copy, color graphics, and keyboards and,encoders.

Microprocessors - Technology, Architectdre,
and Applications £8.00

How to Program Microcomputers £6.75
by BARDEN, W.
This book explains assembly -language programming of microcomputers based on the
Intel 8080, Motorola MC6800, and MOS Technology MCS6502 microprocessors.

Introduction to Microcomputers and Microprocessors £7.50
by BARNA, A.
Provides the basic knowledge required to understand microprocessor systems. Presents a
fundamental discussion of many topics in both hardware and software.

Microprocessors in Instruments and Control
by BIBBERO, R. J.

E11.80

Introduces the background elements, paying particular regard to the dynamics and
computational instrumentation required to accomplish real-time data processing tasks.

Basic BASIC
by COAN, J. S.
An introduction to computer programming in BASIC language.

Microprocessor Programming
for Computer Hobbyists
by GRAHAM, N.

The Computer Book
by HAVILAND, R. P.
Building super calculators and minicomputer hardware with calculator chips.

Microcomputers, Microcomproesors, Hardware
Software and Applications
by HILBURN, J. L.
Complete and practical introduction to the design, programming, operation, uses, and
maintenance of modern microprocessors, their integrated circuits and other components.

by McG NN, D. R. .

This introduction to the "computer -on -a -chip" provides a clear explanation of this
important new device. It describes the computer elements and electronic semiconductor
technologies that characterize microprocessors.

Programming Microprocessors E5.50
by MCMURRAN
A practical programming guide that includes architecture, arithmetic/logic operations.
fixed and floating-point computations, data exchange with peripheral devices/compilers
and other programming aids.

Microcomputer Based Design
by PEATMAJ. B.
This book is intended for undergraduate courses on microprocessors.

Microprocessor and Microprocessor Systems
by RAO. G. U.
A completely up-to-date report on the state of the art of microprocessors and

£7.50 microcomputers, written by one of the leading experts. It thoroughly analyzes currently
available equipment, including associated large scale integration hardware and firmware.

The 8080A Bugbook: Microcomputer Interfacing
and Programming E7.60

£7.00 by RONY, P. H.
The principles, concepts and applications of an 8 -bit microcomputer based on the 8080
microprocessor IC chip. The emphasis is on the computer as a controller.

£18.00

£6.20

---MglttVggpkic .Choi
%IA (A, ''"7"4'441'

tniatopooteriro
tot coore,poor nokitauicitc,""

otireveliaor
Proar amin
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6800 Software Gourmet Guide and Cookbook
by SCELBI

8080 Software Gourmet Guide and Cookbook
by SCELBI

Understanding Microcomputers
Gives the fundamental
concepts of virtually all microcomputers
by SCELBI

Microprocessors and Microcomputers
by SOUCEK, B.

£20.50

£7.80

£7.80

£7.60

E18.00

Here's a description of the applicatip6, programming, and interacing techniques common
to all microprocessors. It concentrates on detailed descriptions of representative
microprocessor families and includes explanations of digital codes, logical systems, and
microcomputer organization.

Microcomputer Primer £6.05
by WAITE, M.
introduces the beginner to the basic principles of the microcomputers. Discusses the five
main parts of a computer - central processing unit, memory, input/output interfaces,
and programs. The important characteristics of several well-known-microprocesSors are
given and a chapter is included on programming your own microcomputer.

Microprocessor/Microprogramming Handbook £6.00
by WARD
Authoritative practical guide to microprocessor construction. programming and
applications.

HOW TO ORDER:
Make cheques etc payable to ETI Book Service.
Payment in sterling only please. Orders should be sent
to: ETI Book Service, PO Box 79, Maidenhead, Berks.
All prices include P & P.
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JOIN THE MICRO REVOLUTION

£399 for a Z80 based microcomputer, built and tested

Designed for educational establishments, personal
computing and small business users

Includes 1K monitor Eprom, 47 key solid state
keyboard, video, TV, cassette and teletypewriter
interfaces,serial i/o, 2 parallel i/o ports, 2K bytes
RAM, power supplies and instrument housing.
Connect to domestic TV or video monitor
complete the system
48 x 16 character video matrix
47 key coritactless ASCII keyboard
Hard copy on teletypewriter
2 TTL compatible parallel i/o ports
RS232 serial i/o port

* Load and dump programmes on unmodified
cassette recorder

to * Up to 16K byte mixed RAM and Eprom
table top housing
Expandable up to 64K bytes
Security locked power switch
British designed and built
Available in kit form for £360
Credit terms available

THE MICRONICS COMPANY
1. STATION ROAD TWICKENHAM MIDDLESEX

PART OF THE MICRO REVOLTION
Prices exclusive of VAT and carriage
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NEWS

audiophile.
Ron Harris examines a top of the range
offering from Goldring Products -a new
version of the G900SE - and asks
whether or not this is the

BEST OF BRITISH?
GOLDRING ARE ONE of the best known names in the
hi-fi industry. Most of us have at some time or other
undoubtedly possessed one of their G800 series car-
tridges, sometimes without realising it! (Checked the
end of that package deal arm recently?)

In the lower price ranges the company has been more
than able to hold its own against all corners, but the
higher strata have seemed beyond their reach of late
Last year they launched the G900SE, which sold at a
ridiculous £25 or thereabouts, and produced an excel-
lent sound quality. The unit never received the acclaim it
deserved.

One can't help feeling that had one of the American
cantilever giants produced the G900, we would be
hearing about it still. Goldring, however, had themselves
some financial difficulties to overcome - which they
now seem to have risen above - and this could not have
helped.

This month sees the release of the 900E, a lower
priced cartridge, and a Mk 2 of the G900SE itself. It is
this we concern ourselves with here.

Time To Mark Two?
Basically the unit is a low mass moving magnet design of
high compliance, intended for use only in arms of low
inertia. The cartridges weigh only 4g, and the reduction 
in mass over its predecessor has been achieved by what
Goldring describe as "formerless winding" of the coils
within the body.

More important still though, tip mass is also low at
0.32mg. A tie wire is fitted to dampen stylus move-
ment(?) and also to act as a leakage path for static on the
record surface. Quite a bit of innovation going on here,
and it was to prove interesting to discover what effect, if
any, this was going to have on the sound of this new
Goldring.

Sound Results
As can be seen from the test results, technically the unit
acquitted itself well with good separation, well balanced
outputs and a good smooth frequency response. The
rising (extreme) top end response may well be engin-
eered to suit the unit to CD -4 usage. In stereo mode the
resonance should not prove a problem.
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The sample was fitted into an SME Series III for test
purposes, and initially the mounting method raised
suspicions as to its rigidity. These proved to be un-
founded, however - but it still looks wrong!

With a mass of only 4g, the Goldring would pose no
problems to arms capable of doing it justice.

Off The Beaten Track?
Once balanced out, and with no damping applied to the
arm, tracking checks were undertaken using the
ubiquitous HFS 75 and several of our own torture tracks.
At Goldring's stated 1g, all bands except the highest
level were handled with confidence. Band C could just
be tracked at around 1.1g, but only just. No improve-
ment was apparent with increase in excess of this and so
we left the tracking weight at 1.1g throughout the
listening tests.

SPECIFICATION

E7:1*.V
° 10 70

pn 0124 wi n, r , =W.

 Sloon4 sec

0

Above: frequency response plot for our sample of the G900SE.
Upper trace is the left channel, and the lower the right.

Below: Specification and test results for the same sample of the
Goldring cartridge.

Frequency Response: 20Hz to 20kHz ± 2dB see graph
Playing Weight Range: 0.75 to 1.5 grams best at 1.1g
Tip Mass: . 0.32mg -
Channel Separation: 25dB 30dB (L on R 1kHz)
Output at 5cm/sec, 1kHz: 4.5mV L-5.4mV; R-5.2mV
Weight: 4 grams
Inductance (1kHz): 570mH

(10kHz): 540mH

Test conditions - tracking force 1.1g, load 47k, 150p.
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NEWS:Audiophile

This result, while not as good as the best that say a
V1 5 can manage, is still very commendable and a great
deal better than the moving coil devices available at
present. No change was observed in tracking ability with
damping applied to the arm.

Resulting Sound
With all the test completed - and no gremlins apparent -
down to listening. Initially we simply wired it up,
switched it on and got on with it! First impressions were
of a smooth sound with no obvious vices and a well
controlled bass extension. Slight recession of extreme
treble perhaps.

Over an extended listening period however we came
to appreciate just how good this new Goldring can be. It
has depth and it has an open quality which puts you in
with the music, without ever being bright or hard.

Comparisons were made between the G900 and
several other top-flight devices, including an Ultimo
20A, Sonus Blue and the new Entre moving coil unit.
These showed without doubt that the G900SE is a
match for any of them! At this level of fidelity it comes
down more than ever to a case of personal taste. On a
subjective level the Goldring was preferred to the Ultimo
for its smoother presentation, although the 20A did have
greater depth. The Sonus likewise came out second
best, for no other reason than that the G900SE sounded
better! The bass was tighter and the mid -range less
aggressive.

Battle With The Coil
The most interesting comparison was between the Entre
and the G900 however. The latter has many of the
qualities so beloved by the devotees of the moving coil,
but just fails to match the best of them in 'terms of
delicacy of presentation. The Entre did provide a greater
sense of detail throughout the frequency spectrum, but
its bass response was never as well defined, and the
Goldring tracks better. You pays your money and you
takes your choice. . .

What A Load Of ...
Our main reservation concerns the specified loading for
the cartridge.

This is 47k and 1 50p, and this was the figure the
cartridge was tested at. However most amplifier and
pickup lead combinations will exceed this, usually
providing around 200p -250p. This could have an effect
on the top end response of the cartridge, especially if the
capacitance offered is higher than the upper specified
limit of 200p.

We varied the load the cartridge saw to gain an idea of
its performance on this parameter, and only when we
reached about 350p could we honestly say a subjective
difference was present, this manifesting itself most
clearly on cymbals.

In practise then anything between 100p and 300p
should be fine. It is interesting to note that Shure specify
a load of 450p for the V1 5 III, and the fact that this is
rarely met may account in some measure for the
-bright- reputation that unit has made for itself, since
lower values will act to boost hf response.

Impact And All That
Overall then the sound of the Goldring can be des-
cribed as smooth, detailed with plenty of depth and
good extension into .the bass. It will undoubtedly come
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Outer Tube
Inner Tube

Tie W.re

Stylus Block

Stylus Point

Cantilever Tube

Damped Pivot

Micro Magnet

Front Former

Pole Shoe Contact Plate
Cal Rear Former

Screening Can

Contact Pin

Colour Sleeve

Mounting Bracket

What goes where inside the Goldring G900S E2. The tie wire is
claimed to control stylus movement in the 'unwanted modes' -
whatever they are - and to provide a leakage path for surface
static. In practice the G900SE did prove highly insensitive to
surface noise, whether this was due to the little wire ...

as a surprise to many devotees of the "bright-is-
beautiful- school, but extended listening will pay even
them dividends. The sound perhaps lacks an immediate
nature a little too much, but again that is for you to
decide. Impact it has - but only when the music does!!

It is good to see a British manufacturer produce a
product of this quality, and be able to retail it at a price
less than esoteric. At its expected cost of around £50 the
G900SE disposes of similarly priced opposition with a
disdaining waggle of the cantilever, and indeed takes its
place with the very best moving magnet designs of the
day. Ell

-ge MIGHTY MIDGETS

SOLDERING
IRONS AND
ACCESSORIES
18 WATT IRON inc. No.20 BIT

RETAIL PRICE
each inc.v.a.t.

£3  78

POSTAGE
extra.
22p

SPARE BITS 44p -
STANDS £3  25 65p
SOLDER : SAVBIT 20' 52p 9p

" 10' 26p 4p
LOWMELT 10' 65p 9p

I.C. DESOLDERING BIT 88p 9p

BIT SIZES: No.19 (1.5 mm)
No.21 (4.5 mm)

No. 20 (3 mm)
No. 22 (6 mm)

/J7

From your Local Dealer or Direct from Manufacturers

S.ER. BREWSTER I1D_
86-88 Union St  Plymouth PL1 3HG
Te1.0752 65011 TRADE ENQUIRIES WELCOME
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FANTASTIC BARGAINS
***********N

SAVE UP
SAVE! SAVE! SAVE! £££££££s TO 50%*
FIRST COME, FIRST SERVED/LIMITED QUANTITIES
ALL MUST BE SOLD - TOP QUALITY KITS + PARTS

G.I. INTEGRATED
CIRCUITS
with application sheet
AY -3-8710 Tank

..F..4-9-:917 £6.90
AY -3-8600 10 game

1.8-713Er £5.90
AY -3-8500 6 game

-W375'0' £3.90
AY -3-8760 Motorbike

.1_14-80- £6.90
AY -3-8603 Car Race

[j\-JyY] £5.90

TV GAME KITS
ETI Tank complete B&W

..F...2 -7-30r £22.90

ETI Tank colour add on
1,5-9.0" £4.50

ETI Tank Basic B&W
119-7.9.0' £14.90

Stunt Cycle complete B&W
.£23-80- £19.90

Stunt Cycle Basic B&W .

5.-1-8-790- £12.90
10 Game complete col.

$3-4-80- £25.90
10 Game Basic col.

.£243-4230 £14.90
6 Game Basic col.

1.1-6-5.0- £8.90

Complete Kits include power
supply boxes - cables - controls -

no extras

Basic Kits - PCB and all PCB
Components

PRINTED CIRCUIT
BOARDS
10 Game colour.137-90" £1.90
10 Game B&W _1,4-790- 70p
Tank Battle . -E3-7-30£1.90

All ready drilled and tinned

MAINS ADAPTOR
9V 150mA 8-72-5- £2.90

SOUND & VISION
MODULATORS
Built and guaranteed

.1-5-,r-uer £3.90

BOXES
Tank Box Set £436'£3.25
10 Game Set 1.4,-90- £3.25
The main box in each set has a

printed facia plate

JOYSTICK CONTROLS
Pair £2.60

(200Klin)

STUNT CYCLE
(4 Games)
Ready made and guaranteed

with power supply

£22.90 -gISATPIPOLGIg

All pr ices include VAT. For orders under £10 add 20p p&p. Cheques and postal orders to be -
made payable to TELEPLAY; send your order (No stamp needed,) to Teleplay, Freepost, Barnet, EN5 2BR.

or telephone your order quoting your Barclaycard or Access number

BARCLAYCARD

4.1.77rAl

SHOP OPEN -10am to 7pm - Monday to Saturday
CLOSE TO NEW BARNET BR STATION MOORGATE LINE

.111.
wrinlinr ;are.

14 Station Road, New Barnet, Herts EN5 1QW Tel: 01-440 7033/01-441

0 . ViCATI,60. '14.14. 1

'ItLtIti :i'
SUSS '1
SUSS fli

From the Learning Tree comes the first fully assembled,
complete SELF -STUDY MICRO COMPUTER TRAINING COURSE.

Now you can learn all about Micros, and how to use them,it'll' II LI
e THE COURSE COMES COMPLETE WITH A 650 PAGE

in the comfort of your own home, office or school.111131  .
Ir-----------11° WORK/TEXT BOOK AND A READY BUILT MICRO COMPUTER

WITH THE ICS EDUCATIONAL MONITOR PROGRAMME. The work book is organised into step-by-step
sections covering Software and Hardware from fundamentals to advanced techniques.

There are many exercises covering Programming and Construction which can all be performed using the Micro
Computer supplied and the extensive Debug facilities of the Educational Monitor.

Course content Micro Computer
 SOFTWARE AND HARDWARE FUNDAMENTALS 1K Bytes of RAM
 MICRO INSTRUCTIONS 1Kb PROM. CONTAINING THE EDUCATIONAL MONITOR PROGRAMME
 PROGRAMMING TECHNIQUES  KEYBOARD AND DISPLAY ON BOARD
 SUBROUTINES  FREE AREA FOR HARDWARE UPGRADES
 INTERFACING (CASSETTE, TTY, etc.) 3 PROGRAMMABLE 8 -bit PARALLEL I/O PORTS
 MATHEMATICAL ROUTINES (INCLUDING FLOATING POINT) 2 SERIAL I/O PORTS 1110 Baud.)
 REAL TIME APPLICATIONS 1 EXTERNAL INTERRUPT

INTERRUPT HANDLING  USES THE 8080A MICROPROCESSOR
ADVANCED I/O TECHNIQUES

Using these features you will be guided through a logical syllabus, learning both Hardware and Software techniques.
When you have finished you will have a working Micro Computer. And the knowledge to use it.

2 Another I.C.S.P product available exclusively through -

COMPUTER MARKETING Ecfield House, 641 London Rd., West Thurrock, Essex. Tel: Purfleet 7161 Telex 896786

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978 81



32 768 KW

IMelerelel (4511
32 768 RN

Enweleell E2.95
60 Kit £4.50
1060 IOU E3.62
200.0 KHz E3.92
204 1 KHz E3.92
262 114 KHz E3.62
307 2 614 E3.62
312 5 014 E3.92
1550 KHz E.3.62
I0 RIM E3.23
1 %I I% E3.62
1.1132 E3.23
2.0 MHz E3.23
2097152 IIIM E3.23
28575 Egg (3.92
25525 MHz £3.92
3.0 Wiz E3.23
3.273116 E3.23
3.579515 WO E2.95
/.011% E3.23
4.032 lit E3.23
4.096 MHz E3.23

194304 MHz (3.62
0433619 MHz El.%
1 608 AIM E3.23
4.6 MHz £3.23
4.9152 MHz (3.23
5.0 Metz (3.62
5 12 11117 E3.62
6.0 NM E3.62
7.0 E3.62
10 MR E3.62
12.0 WIZ E3.62
278 Wiz (3.62
26291182
ard Koressicl E3.62

311-48.5 RHO

Pre Hermitic' E3.62
100 MHz E3.62
Ito sit eel 1st ter
affirms nit kled

aiis
id prices for rnateur users a

ra
n port only lore ndustrial Users

- No % discount available on these prices. instead use franchised
distributors standard prices. list available on request.

Meetly Motorola. RCA
4001)

4031

4002

44306

4007

4008

4009

4010

4011

4012

4013

4014

4015

4016
4017

4018

4019
4020
4021

4022

4023

4824

4025
4026
4027

4028

4029
4003
4031

4832

4833

4834

41135

4036

6037

4038

4039

4040

4041

4042

4043
4643

44345

4646

4047

4048

4049

7440
74802

741:84

7400
74E10

74014

74028

7405
71832

74442
740.48

74073

7474
74076

74013
7135
7146

14CO3

74090
74073

74015
74(107
740150
74(151

15p
17p
17p

lap
92p
58p
51%

19p
lap
55p

99P
93p

52P
99p
99p
60p

E1.02

9,4

fflp
76p
19p

61.80
55p
atp

E1.09
58p

£230

01.45
El.%
ELM
1245
Et A0
ETAS
E245

869
alp
919
9,9

E1.15
E1.30

98p

5,P
52p

26p
26p
262

269
262

£1 .51

269
211,

260
0.20
(237

74p

639
719

El 97
E1.97

69p
E465

9214

934
01.31
£1.31
£1.17
E263

1050 52/
5051

5052

4053
4054

4055

754
759

ELZO
£4.34

4%6 £1.34
4057 E2531
4059 FAA
1060 £1.15
4061 £1567
40627 E10.10
4063 El.%
4064 N/S
/%5 MiS
4066 57p
4067

4%8 22p
4069 22P
4070 239

2lp
4072 21p
4073 21p
4075 23p
4076 El LB
4077 739
4078 2Ip
4081 229
4082 21p
4085 74p
4016 732

4089 E I .50

4093 63p
4094 E1.90
4095 E1.115

40% E1.05
4097 E172
4098 ELIO
4099 EI.90
40061 N/S
40100 E2.50

40101 E1.61

40102 E212
43103 E212
10104 LIM
40105 E1.06
40106 7Ip

10107

101%
40109

40181

40182

40192

40103
40190

40257
41%
4161

4162
4153

4174

4175

4194

44013

RIR
4410

1411

4412K
44I51.
44158
4415F

4419
4422

4431

1433
4435

4440
4450

4451

4452

4493FP

449:NP
4700

4500

4.501

45112

4503

4505

4505

4507

4509

4510
4511

4512

740013 Series Diagonal]

1E154
40157

ICI%
40161

40162
40163
40164

4E155
40173
40174
40175

4(192
40193

4C195

48290
40771
40373

4E901

10302
4D363

4004
40105
10906

E.393
E236
E1.49
EI.49
EL/9
EI.49
E1.31

£1.31
£1.21
0.21
E1.21
E1.49
0.49
E1.31
0.20
E1.50
E230

749
749
749
74p

£7.71
74p

74E907

ROM
71(939
710410
710912

740311
740915
710918

743%
7%921
740972
71%23

68p
05.36
EL%
E3.39
E1.40
CIAO
01 .40

EI.18

nos

noe
E1.08
£1.011

FOP
E1.17
EE59
E6.59
E5.73
E9.58

£17.14
£1292
(750

N/S
E2611

E5.00
TBA

El 1.32
E7.93

El 1.58
£2.67
E2.67

TBA
ES.51
E4.92
E4.75
E5.56

17p

9tp
75P

E571
5Ip
E5P

ELM
E129
E138

cep

74p
E2_63

E134
E7.20
E9.52
El 50
(120
E2.90

El I 13
E11.03

E.4.93

E5.113

1514

4515

4516

4511

4518

4519

4520
4521

4522

4524

4525

4527

4528

4529

4530
4531

4532

4534

4536

45371

4538

4539

4541

4543

4549

4552

4553

4554

4555

4556

4557

4558

4559

4560

4561

4562

4566

4568

4569

4572

4580

4581

4582

45E0

4584

4585

4599

74425
74(925
740421

74(928
74C929

740030

9CC,J5

90096
80C97

8093
MCZ8
131K30

MSS
4298
£1.08
ate
£1.02

5Ip

ELSE
Elia
N/S

£1.01
EI.52

99p
£1.14

Et. S4.

E127
E5.13
£3.119

£1323
E1.25

912
£1.14
EI.59

E10.55
E3.117

7015

lip
E1116

£1.14
£169
E1.84

951.
E5.33
E1.59
E238
E257

259
15.74
¢.62

913p

7EP

43P
£1.01
1206

E8.28
Lan
Eaze
E321

E15.90
(15.90

ELM
92p
87p

TZP
1:621
Efi.21

VERO/OARD
0.1" Pitch with copper
21/2" it 1" (pack of fryer 52p
21/2" x 31/4"
21/4" x 5"
21/a" 17"
31/4" x 31/4"
31/4" x 5"
MA" x 17"
4.7" x 17.9"

43p
E1.34

43p
46p

E1.73
E2.22

0.1" Plain board fro strips)
31/4" x 21/2" 28p
31/4" x 5" 45p
31/4" x17 9" E1.28
Terminal pins El 50/500
V.0 DIP board 89p
DIP breadboard E2.42
Spot face cutter 69p
Pin insertion tool 890

SOLDERCON PINS
100 50p
1000 E3 50

OIL SOCKETS
8/14/16 pm 10p/12p/13p
TIMER ICS
NE 555/556 369 / 70p

OP -AMPS
CA 3130 (COS/MOS) 94p
CA 3130 (Plastic) 84p
CA 3140 (Plastic) 75p
741 Minidip 22p
100 off 741s E17.50

LED DISPLAYS
FND 500/507 Jumbo 0 1
7 -segment . £1.30
FND 357 0 35 c.a. 7

segment £1.40

"E" LED DISPLAYS. Class II
devices. but fully guaranteed
by us for 'even- segment brilli-
ance etc - money back or
exchange if not satisfied

704E 0.3m cc Sip
DL -707E 0.3in ca Sip
131-7280 2 x 0 5in cc E2.00
04-7270 2 x 0. 5$11 Ca £2.00
DL -7500 0.6in cc E1.10
01-7470 bin ca E1.180

LIQUID CRYSTAL
DISPLAY
4 x 0 5in digital 40 pm DIE

£9.00

CLOCK CHIPS
AY -5-1224A E3.60
MK 50253 E5.60
MK 50362/50386 £6.95
MC 14440 (LCD) £11.58

SIX DECADE COUNTER
MK 50395 6/ 7 E11.715

MK 50398 9 E6.20

TIMEBOX. Digital Clock
Case. 56 x 131 x 71.5 mm
with red acrylic window.
Choice of case colour,
white red, orange. blue
E 2.06.

TOP OCTAVE GENERATOR
 S(1240 E10.35

QUARTZ I MICROPROCESSORS
THIS MONTH'S MERU SCAMPI' AND CHIPS

AU 3853 (78 Slake memory etterlecel (9.80
Mt 3661 (18 Peripheral 1,01 E9.80

M 3854 IF8 °Yee' memory motel £790
MC 6820184 Peripeerel i,01 £6.94
MC 6821 16803 Peri $$$$$ 1 1'01 (6.70

ROM SOFTWARE 'FIRMWARE')
INS 8298 lleso Inner -Mr 80801 E84.08
111E 6630 MK INg1 E13.70
MK 3851 Immo* (49.95

ROM CHARACTER GENERATORS
MCM 6576P £6.71

MK 2302 15 t 7 65011 EIS.%
ROM 2513 £7.00

EPROM.

SCAMP SKELETON PACK
Comprius SC MP II 1281 8 bil RAM + Z .

1'0 pert clip endue. pins 2 Mk
crystal. CO 11 1800 16 t. 20 aaaaa

of onefecturers lale 1 11/13 Op Solid
E21.50

II1EK 51100112
A seltowlateed orcreprokstor kit -
trytnere deg miry 41.01. 6 Mil tar
Osprey casette Merin. 256 a 13 RAM

f5V power slog rotparsel £175.87

NM CHIPS
COP 1802 !CMS IIPUI E16.29
SC W I - reckon' Ity SC MP II
111581160 (SC MP III (915
110-8080 ICPU1 E9.75

ISP.10/600111SCI1P111 E9.95

MC 115008CP (-1 In NPU/ICU'( E5.56

MC 6800 (GNI £43.50
MP 3800 060 CPU. MK: I E28.44
WI 3888.4 (7106 CPU. 11921 E36.91

MP/ I/O
INS E1154 ISP8A '650 128 x 8 RAM rt- 2 L'0

pent E7.50

MK 3852 (HI OyeareK memory ialerlacel (9.80

5201 1512 x 81
1702

2708 110 0 81

373 110 0 81

MC 27089
PROM

RAMS
2101 1256 a 41

2102 (10241 11
2111 1256 41

2112 1255 x 41
2114 11024 x 41

MCI 5810 Al 1128081
MCM 6810 AP 1128081

£10.00
£7.00

£1 1.00
£9.25

E5.78

E3.00
E2.10
E3.00
E3.00

05.00
E5.21
C3.47

DATA
Nile. le Ms lecke ell Me Noes ere post his c 90 page I% CPU lec6eic41 Moon (5.98

ul rte 0411511 to 0. VAT 1Le. Me price you see c 10 pope 280 CTC Product Specificition 110,

o the price yeti pay1 c.25 me 2813-P10 Lacharcai Memel E3.30

c 210 pp Ifitoroio 14c4103 Winton (Vol 5
2%1510 080 '"E"'" m""I £7.50

Wes 81 E3 50

11C 145031 ICU Awned E2.25 SPECIAL: Z80 BATA PACK

Kedersleeliee Micreproceneri £4.50 A tel or the 1 580 ;mewls described
A Gods is SCE MP Programme E2.50 Wore ,rid reined OM el Muni to the

16 page 1111 ler 115 1154 IISP.11A 6501 50p 30 slot gala Pack Prue E13.00

20 pill fits hr SC/MP II 50p

CATALOGUE. Ail. en Muted Wien amiable
Terms. CWO. Adel PAT to all prices al 8'i

Peat etc UK 2521+ 211 = 27p( per order Export odd 75p 'hooky E2.50 elsewhere no PAT
Polys. unitersittes port fleets etc can telephone their orders for immediate despatch

GREENBANK ELECTRONICS (Dept. T8E)
92 New Chester Rood, New Ferry Veinal, Merseyside L62 SAG England. Tel 051-645 3391

LINES FROM OUR VAST STOCK Please add post 35p per order
THESE ARE ALL SPECIAL OFFERS BELOW MANUFACTURERS" PRICES ALL NEW STOCK FOLLY
GUARANTEED EXPORT ENQUIRIES INVITED ON ALL ITEMS.

CALCULATOR CHIPS - GENERAL INSTRUMENT GIMT4 on
anti -static foam £1.75 ea, 10 for £15.00, 100 for £125.00. For
use with multiple Bowmar display.
Six button selector switch wan built-in 100K pots Self cancelling buttons Ideal to, use with .,actdo
tuned FM sets and TVs 1 20x 64x 55mm £2. 10 for £15.
BOWMAR S digit ulculator display with P.C.connector 0.2" digits. common cathode with red bevel
£1.25. 10 for 010. 100 for E90.
TEXAS 19 gold plated snap key contacts on gold plated P.0 Board - all kinds of useful applications Site
70x80x2mm high, 65p, 10 for ES.
OSMOR changibover reed noisy with 72V Coll Approx. 20mA operating current 59x1 lel 3mm 75p.
10 for £11. 100 for £90. 1.000 for E400.

tnr

trenefornsers with 240V pri 1 2V@ 100mA 60x403.42mm Sip. 10 for £7.60. 100 for
E65. Valve type 40 1 Ou6sut TX 61x15x42mtn 76p. 10 for C6. Output TX EL84 80x53x34nun 955.

Clocking oscillator PYE DYNAMICS thick film 1 MHz 5V supply 1 9x25x6mm 8Sp. 10 for 07.
FAIRCHILD FND 100.15" 7 segment display Common Cathode 50p. 10 for C4.60. 100 for £30.

+  WATT STEREO 24/25w B ohm Input 50/60 M /V into 500K Tone Controls on P/C £4.95. Sue
15 0041.4 5 c,rn WITH CIRCUIT
T4/RF LONG -MEDIUM & F/ FA TUNER wlTH MC1310 DELUDER bur ION sci.ri...11/,'

.
I SELECTORS FOR GRAM AND TAPE  Supplied coinwete with FRON I t ND I 1101

h At *SIMPLE INTERCONNECTIONS *Size 19.0 icrn
AMPLIFIER 00.95 WITH CIRCUIT

POWER UNIT KIT FOR ABOVE MODELS 25/28 VOLTS E2.95.
Buih 5 watt power amplifier Gould -Advance. 4-8 ohms output up to 24V supply 500mV uric
input Complete with instructions. 11 5x6x3cfn £3.00. 10 for £22.60. Power supply kit E2.20.
HONEYWELL Proximity Detector Integral Amplifier 8V DC E2.50 es. 10 for E22.
SMITHS INDUSTRIES AUDIBLE TRANSISTORISED WARNING DEVICE 6-12 volts. Size 30mni
10mm Polarised 50p ea. 10 for VI. 100 for E315.
SUPPLY PANEL containing 6 high quality 0 1pF 10% 1 KV poly capacitors 102x19x75mm 1010
£2.50.
ALMA pushbutton reed switches. push to make High reliability 18x27.1 8rnrn 38p. 25 for E7, 100
for E25. 1000 for £220.
BURROUGHS 9 digit head. Calculator display. 7 segment 0.25 digits. neon type with red bezel
socket and instructions E2.60, 10 for £22.50, 100 for £200.00.
1 C Audio Power by TOSHIBA 36 WATT module. 8 ohms o/p 200mV into 47K for full output 0.3%
distortion (max) 60V power supply required. ES.60. 10 for E75.
10.7MHz cresol filter. Size 35x25320mm 25104z bend width for NBFM £7. 10 for £60.
TEXAS 4+5 Digit C. Cathode Display with 16 pin DIE Base 0.2" digits
Pair £1.50. 10 pairs E12.50. 100 pairs EMI
21/1.. 00 ohm spanker 250 M. Wan - Ideal for that small space 76p. 10 for £5. 100 for £60.
3 DIGIT 7 SEGMENT DISPLAYS. C cathode pack of 2 with data (segments are missing) 60p pack.

TWA 120A 75p. 10 for E7. 100 for 065. TBA 1205. 75p. 10 for E7. 100 for ESS.
SOLDER at half price 5 packs of 2 metres 18 gauge Servicol 01.20. 20 packs £10.

JOYSTICK CONTROLS. (Ideal for TV Games, model control)
sturdily constructed compact controls giving full 3600 movemen
and control. Each unit fitted 4 -off 100K linear controls. Pair £5.00

AVO meter movements for a military version of the Avo 8
Precision 37.5 micro Amp (50y A with integral shunt) movement
Electronic voltmeter circuit available on request. £5.50.
28 pin calendar/Mock chip type MK 501 788 common cathode
LED display (with circuit) £4.49.

INDUSTRIAL RELAYS
By I M.0 -0M9ON
At lass than Distributor prices

60.43 24V DC
2 -Pole Open
60 13 48V AC
Octal Plug in type enclosed
60 02 12V AC
2 -Pore C Over Octal
Enclosed type 85p £7.50

All Relays are 250V 6 Amp AC Current Rating

Prices Prices
es. 10

£1.10 E9.00

E1.20 E10.00

p

100+

E85.00

E90.00

£65.00

FREE
TRANSISTOR

CATALOGUE
AND EQUIPMENT

SEND STAMPED
1121/2pUK.)

ADDRESSED ENVELOPE
(min 994" c 6'/1"9

FOR YOUR COPY NOW

ALL NEW TESTEDPACKS GUARANTEED Pack
Ten

Packs
Hundred
Packs

10.11C171A Plastic 8C107 type 75p E6 ESO
TEL 8 -Gatos 7420, 7430, 7451 60p ES E40
TTL 6 -Gatos end Complex Mixed 75p ES ESO
15-1 Vo Wan Zooms 3.9-91 volt mixed 89p E7.50 E65
10-10 won Isners mixed voltages 95p ES.50 £75
10300 M /W Zenon, 13-33 volts 6Sp £5.50 £46
50 Gennanium 8. Silicon Diodes Shp ES £40
25 Mixed Transistors - 613p £5 E40

5012 12 digit calculator chip. 4 lunctions w th circuits and data E2.50.
VITALITY 12V 0.15 amp. M ES Bulbs. 100 for CS. 1.000 for £40.

INTEGRATED
CIRCUITS
I.T.T. HIGH

LEVEL LOGIC
Ceramic

MIC 3265DR
14 -Pro Dl

Ceramic
per 20 £2.60
300 £20
3.000 EIBO
Ideal for Experimenter

In original
Manufacturers' Canons

BECKMAN 500KHz triggerable docking oscillator for use with calculator c
262.10E12rnrn El. 10 for Ell. 100 for E66.
Remittable thennestatic switch. A pushbutton on -off switch which autornarici y drops out When the
ambient temperature exceeds 72 C 47x29x461nm 7Sp. 10 for E6.60.
FT243 cryrtal pecks 10 crystals of nuked frequencies between 5800 and 8500 KHz. (Our choice of
frequencies1 Ideal for re -grinding.
£1.50 per pack, 10 packs £10. 100 packs Ell5.
Dino. 105 packs of 10 crystals 250 kc '5-50 me r s E1 peek. 12 packs E10. 100 packs £70.

Calculator chip CT5002 12 digit four functions for common cathode multiplex displays ONLY £1.95
complete with circuit
1 MHz HCSU quarto crystal E3. Frequency meters. cloCks. frequency references. 17 x 19 x 7mnt £3.
TAPE HEADS 1/4 track. Record Marriott XRPS36 ES. XES1 1 erase E1.25. XRPS1 8 £3.50.

MULLARD TUNER MODULES with data
LP1 1 71 combined AM/FM IF strip -E4. 'LP1 1 79 FM front end with AM tuning gang used win
IPS I 71 -E4. 'LP I 1 71 and 79 pair -06.50. 'LP1 157 complete AM strip -E2.06. 'Ferrite Aerial -95p
MINIATURE ORP12 (Equivalent= RPY301 2 for El.
SEVEN DIGIT MINIATURE COUNTER by Durant 12-24 volts D C h

3 Walls Sue 40x25HX 55l mm El each. 10 for E9. 100 for £80. llais01016mr"L. '

DIGITAL
24 HOUR

CLOCK

USED IN Bantin
DIGITAL CLOCKS

WITH
BUILT IN
ALARM

 SILENT RUNNING

 LARGE ILLUMINATED
NUMERALS

 AC MAINS SIZE x 21 x

HayRys
------ RA 10

LONDON W2 4e4 6 Efloviae Rood Tel D1 723 WOO

MECHANISM
£6.uu+VAT 482

P&P MP
3 for E17. 10 for ESO

100 E450

AS mail to. Henry's Radio 404 Edgware Rd, London W2
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NEWS

microfile.......
Gary Eyans has been going round in circles this month in search of more MPU
news items.

THIS WORLD IS full of vicious things, circles and dogs
spring immediately to mind. I've had experience of both,
the latter in he bundle of fluff that's the nearest I get to a
pet and of the former, it seems, in everything I do. At any
rate it's an example of the former that I'd like to dwell
upon for a moment.

The situation concerns anyone considering the deve-
lopment of a microprocessor based control system. As a
first step in any such development program, our likely
lad will look around at the various development systems,
that most of the major manufacturers produce, to help
potential micro users to get to grips with their particular
processor.

When Ifs All Assembled

Having chosen one of the various kits he can now get
down to the real business of developing the control
algorithms and, finally, the machine code that will drive
the completed implementation of his system. That's if all
goes of the basic development kits come
supplied with a monitor that can only be described as
rudimentary, allowing only a simple memory examine,'
modify type instructions. The development of any
routine over a few hundred bytes with such a system has
been know to drive many a hardened engineer to throw
down his soldering iron and go for some knitting
needles.

Fear not we say to our, by now, disheartened fellow,
for we can provide you with an assembler. From now on
you .will not have to wrestle with machine code, but can
deal with mnemonics which at least makes the task of
coding much easier, and if you're lucky your assembler
will also take care of a few labels in our program. At this
point though, our man hears of a marvellous thing called
an interpreter, whereby he can program his system in a
high level language that is, by all accounts, far easier to
pick up than either machine or assembly code. As time is
money and personnel with experience in machine/
assembly programming are difficult to come by, the
choice seems to lie with a BASIC INTERPRETER. We
know the final system will operate slower than a machine
language program, but it will be fast enough for most
applications.

All is well, the final program is soon written and
debugged and the time has come to dump the object
code into the PROM that will reside in the final hardware
configuration. It's here that we observe the beginnings
of our vicious circle (you were starting to wonder weren't
you).

Things Looking Up?

The crunch comes when we realise that an interpreter
does not in fact produce any object code, instead,

looking at a string of stored instructions line by line, it
consults a lookup table within the interpreter which then
directs the micro to another area of the interpreter's
ROM where the routines to carry out the required
instructors are located. It is important to note that this
takes place on a line by line basis and at no stage is
anything that remotely resembles an object code
generated. Thus our poor chap has his BASIC program
ready to go, but to run it on any system he will require
not only to dump the program itself to ROM but also the
entire BASIC interpreter. To add insult to injury, most
BASICs require a fair sized stack which will also have to
be provided.

So attractive as it may seem in terms of development
time an interpreter supporting a high- level language is
no way to undertake software development in most
control systems applications. So it's back to the
assembler, or, if you feel like withdrawing from life for a
while, machine code.

Heard The One About ....
Now for a tew quick news items

A new addition to the ranks of places offering micro
systems, along with the advice necessary to help chose
between the many products around, is the Byte Shop at
426/428 Cranbrook Road, Gants Hill, Ilford, Essex.
IG2 6HW. Sounds like an offshoot of the American Byte
Shop chain, a franchise operation that has been going in
the States for some time now. A SAE to the Byte Shop at
the above address should get you details of their product
range.

This issue of ETI goes to press on the eve of the DIY
Computer show and a report of this event, which follows
the successful show held last year, will appear in next
month's Microfile. I do hear however that another
computer magazine is to be launched at the show. The
title I've heard is Practical Computing, but by the time
you read this the thing may be on the news stands. I look
forward to reading the first issue with interest.

Chip Off The Old ....
You may recall my mentioning the 8048 single chip
MPU from Intel a while back. Well no sooner was that in
print than a new product information sheet landed on my
desk describing the latest addition to the Intel stable.
The 8022 is a derivative of the 8048 being a single chip
MPU, but with the important plus of having two on
board A -D converters. Add to this an eight bit input port
with variable threshold (just right for decoding touch
keyboards) and the usual complement of 28 I/O lines
and onboard memory and you have a product that
should find its way into more products than I care to
think of over the next year or so.
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Why Did The Chicken ....
Last month I mentioned a company called PETSOFT
that has begun to market software for the PET home
computer. The company tell me they have had quite a
number of inquiries since then with the interesting fact
being that most of you have wanted more information on
the various games packages offered -you lot must have
a lot of time on your hands as I never get the chance to
play games on our machine-honest. Before leaving the
subject of PETSOFT and going on to name another
company that is to offer much the same service. I must
just mention a recent addition to the PETSOFT range.
This program is a recipe title that goes under the name of
Colonel Evans Kentucky Fried Chicken -a roast by any
other name.

In case you missed PETSOFT's address last month
they are at 316 Fulham Road, London.

That other company I mentioned is General Software
at 16 Sommerford Avenue, Crewe, CW2 8NE. Initially
this company is to deal in TRS80 software and a SAE to
them at the above address will secure a list of the titles at
present in their range.

And Now For Something ....
Many of you who have ordered either MK 14 or
NASCOM kits have told me of the long waits you have
had between placing your order and receiving your
goods. I am assured by both companys concerned that
the supply problems that, in both cases, have been
responsible for the delays have,now been sorted out and
that the kits are now being dispatched without delay. As

a result of this I have at last managed to sort out reviews
of these interesting products and one or other of these
should appear in the next issue of ETI.

Many A Slipped (disk) Twixt
The floppy disk untit for the PET computer. will appear
in Britain but not it seems before the end of the year.
Meanwhile the men at Commodore are being inundated
with requests for just such a unit and Commodore have
asked me to say that if any of you feel able to tackle a
PET -floppy interface, they would be only too glad to
provide you with all the necessary information.

In One Ear, Out The . . .

I get many enquiries regarding the adaption of TV to
accept video signals. With many of the sets on the
market this can prove a tricky task but D. Reddington
has written to tell me of a £69 Sanyo receiver that could
not be simpler to adapt.

With three screws and a phono plug removed and the
back comes off, two more screws and the circuitry slides
out, and here's the best bit, there is a link wire joining
the video stage's input to the sets RF stages. Remove
this and replace by a switch and conversion is complete.

As a bonus there is a similar link in the sound stage.

One For The
I live in a place that is a desert in the oasis of life and
I'd like to move (this has got nothing to do with MPU's in
case you hadn't guessed) so if any of you Within the GLF
(Greater London Frontiers) know of a room /flat that's
going spare please let me know here at ETI. Eli

All the many types of components we supply are BRAND NEW and guaranteed and only
manufacturers direct or approved suppliers. No surplus. no seconds.

from

7400 14p
7401 14p
7402 14p
7403 14p
7404 16p
7405 14p
7.407 22p
/1,R 18p
.11,+ 18p
711, 14p

22p

I.C.s
7414 60p
7420 14p
7430 14p
7440 14p
7442 54p
7443 60p
7444 60p
7447 70p
7450 tAp
1451 lap
/45i 14p

TTL 7400
/404 14p
7460 14p
7470 24p
7472 24p
7473 23p
7474 23p
7475 45p
7476 32p
7480 41p
7482 61p
'181 58p

series
/485 74p
7486 27p
7490 40p
7491 71p
7492 46p
7493 40p
7494 66p
7495 57p
7496 63p
74100 73p
711(11 40p

74107 21p
74121 27p
74123 51p
74141 54p
74151 60p
74154 E1.60
74190 94p
74191 94p
74192 94p
74193 94p

OUR COMPUTER TAKES GOOD

SIEMENS CAPACITORS 
141/orrd lamorrs for quelrly end dependaLril,
excepuor,ally large mocks held

PCB TYPES / 5 nu, 11(111A (1001 to 0 01 5p

1.1

CARE OF YOUR ORDERS

RESISTORS

Cl5p

',
El 50 23

CERAMIC '. 01 ilp 0 0.
5p ea

7p 10p

ELECTROL YTICS 100 IU 25 10 b"

SIEMENS TRANSISTORS
p 19,

KEEN PRICES GOOD SERVICE WIDE RANGES

DISCOUNTS
5 %

V.A.T. & POSTAGE

(roods sent POST FREE n C W 11 orders .n
UK- over / 5 Ir, yak, ll under. add 2 1p pe,

1 0% (25 MONTHLY BARGAIN LISTS

TRADE AND INDUSTRIAL ENQUIRIES INVITED
For all round sans/action - be safe - buy it from EL EC TRO VA

ELECTRO ALOE LTD
Dept. ETI.8. 28 Judes Rd., Engle field Green, Egham, Surrey
714/20 OHB. Phone Egham 3603 Telex 2644 75
Northern Branch (Personal shoppers only), 680 Burnage Lane,
Burnage, Manchester M 19 1NA Phone (061) 432 4945

!ANB
OUR

METAL DETECTO KITS
FOR VALUE

[Ti Mk 1 Induction Balance Metal Detector Kit E17.00 + 60p P&P
ETI Mk 2 Induction Balance Metal Detector Kit £19.00 + 60p P&P
Full Building Instructions for Above (state which) 50p
Please note that Kits do not include Marley Pipe. Cycle Handgrip, nor
Plywood for the construction of the Search Head, but does include
everything else.
Component Paks for Metal Detectors'-

Mk. Mk. 2
Resistor Pak 30p 40p
Capacitor Pak E 1.60 £1.95
Semiconductor Pak £2.35 £2.24
Verobox £2.40 £3.15
P C B £1.00 E1.25
S R B Miniature Soldering Iron 16 18 watt £3.50 + 25p P&P

SCOOP!!
We are the SOLE DISTRIBUTORS and STOCKISTS of the

'APOLLO' LOGIC TESTER
No serious amateur can afford to be without one

Ideal for Servicing. Workbench. Schools. Industry
The 'APOLLO' is suitable for any logic system using 5v power supplies. CMOS. TTL,
DTL etc The 'APOLLO' takes its power from the circuit under test and it is protected
from the inadvertent connection to reverse polarities

1 . CLEAR. UN -AMBIGUOUS indication of Logic State

1
Pin disconnected or Voltage between 1v and 2.2v

2 High Level (Logic 1) more than 2.2v

2.

3.

4.

3 Low Level (Logic 0) less than 1v

4 Fast pulses (Mark -Space ratio indicated by relative
brightness of centre segments)

Special Introductory Offer Price £11.75 Inclusive of P &? COST

All our Prices include V A T Please include 25p P &P except where stated
otherwise
Our Stores at 31 POOLE ROAD WORKS. Wimbome are open to personal shoppers

on Fridays from 2 15 pm to 8 00 pm and on Saturdays from 9 15 am to 6 00 pm.
R. F. Equipment Spares Limited, 3 Lacy Cross, Wimborne, Dorset.
Tel. Wimbome (0202) 885854
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DISCO RANDOM LIGHT
UNITS

OFFER
OCIPkt- 0

O

MO el) 9°1)11°
-

These units
are ideal for a

Disco, Group or home
party. The lamps are never

off, each one is dimmed for
a second and then back to full brightness.

500mm long, designed for 3 x 100W lamps (not
included), complete with 2 metres of cable and 12
months guarantee. Fully suppressed, all electronic (not
bi-metal).

£6.25 each + 75p Post or
TWO for £12.50 post free

Send now to

M. D. MARKETING
P.O. Box 4, Hinckley, Leics.

Reg office 22 Station Road Hinckley

NASCOM 1
Microcomputer
for the Hobbyist

THE ONLY COMPLETE MICROCOMPUTER
AVAILABLE TO THE HOME CONSTRUCTOR

FEATURES:
* Supplied in Kit Form for Self -Assembly
* Full documentation supplied
* Includes Printed Circuit Board
* Full Keyboard included
* Interfaces to Keyboard, Cassette Recorder & T V.
* 2K x 8 RAM
* 1K x 8 Eprom Monitor Program
* Powerful Z80 CPU, Mostek
* 16 line x48 Character Display Interface to standard, unmodifed
T.V set
* On board expansion to 2K x 8 Eprom
* On Board Expansion Facility for Additional 16 Lines I / 0
* Total expansion to 256 Input Ports and 256 Output Ports

SOFTWARE FEATURES:
* 1K x 8 Nasbug Program in Eprom
* Provides 8 Basic Operator Commands including single step
* Expandable Software System via additional user Programs in
Ram of Eprom

Manuals
Separately

£3.50

Complete Kits
NOW IN STOCK

£197.50
VAT

POST 02 50

After sales service available

Sole Appointed
London

Stockists

All ma :1 to: Henry's Radio 404 Edgware Rd, London W2

LONDON 02 404 6 Edgware Road. Tel: 01-723 1008
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BUILD THIS
ADVANCED DESIGN

FUNCTION GENERATOR
* Designed around 8038 Waveform

Generator I.C.

* DC Coupled Amplifier

* 1Hz to 100 kHz

* Sine, Triangle and Square Wave output

JAYEN Developments. 25 Westgate Louth, Lines I.N11 9Y0

Please send a JAYEN FG-1 PC board complete with

instructions, photo anodised Front Panel and Component

Shopping List at f185 mcl. VAT and P& P

Name

Address

MEMORIES
21L02 (450ns) £1.07

(1 K x 1 Static RAM)
4027 (250ns) £2.02
(4K x 1, 16 pin, Dynamic RAM)

2107 £3.83
(4K x 1, 22 pin, Dynamic RAM)

4116 £20.25
(16K x 1, Dynamic RAM)

2708 £7.87
1 K x 8 UVEPROM)

8080A (CPU) £7.45

81LS95 (Buffer TriS) 75p
81LS96 (Buffer TriS) 75p

All VAT inclusive
35p for p&p orders under £5

Please write for discounts
over 100 pieces

(Mail Order only)

LOTUS
SOUND

4 MORGAN STREET
LONDON E3 5AB

ETCH RESIST TRANSFER
KIT SIZE 1:1
Complete kit 13 sheets 6in x

£2.50 with all symbols for direct
application to P.C. board. Individual
sheets 25p each. (1) Mixed Symbols (2)
Lines 0.05 (3) Pads (4) Fish Plates and
Connectors (5) 4 Lead and 3 Lead and
Pads (6) DILS (7) BENDS 90 and 130
(8) 8-10-12 T.0.5. Cans (9) Edge
Connectors 0.15 (10) Edge Connectors
0.1 (11) Lines 0.02 (12) Bends 0.02 (13)
Quad in Line

FRONT AND REAR PANEL
TRANSFER SIGNS
All standard symbols and wording. Over
250 symbols, signs and words. Also
available in reverse for perspex, etc.
Choice of colours, red, blue, black, or
white. Size of sheet 12in x 9in. Price £1.

GRAPHIC TRANSFERS
WITH SPACER
ACCESSORIES
Available also in reverse lettering, colours
red, blue, black or white. Each sheet
12in. x 9in contains capitals, lower case
and numerals Vein kit or 1/4in kit. £1
complete. State size.

All orders dispatched promptly
All post and VAT paid

Ex U.K. add 50p for air mail
Shop and Trade enquiries welcome

Special Transfers made to order

E. R. NICHOLLS
P.C.B. TRANSFERS

DEPT. ETI 8
46 LOWFIELD ROAD

STOCKPORT, CHES.061-480 2179

OSMABET LTD VVernm gkst °rag:To:9:

LOW VOLTAGE TRANSFORMERS: Prim 240V ac.
6 3V 1 5A £2.45; 3A E2.85; 6A CT E5.30; t 2V 1 5A £2.85; 3A
CT £5.30; 6A CT £8.85; 18V 1 5A CT E5.30; 24V 1 5A CT
£5.30; 3A CT ECU; 5A CT £14.00; BA CT £23.75; 12A CT
£30; 40V 3A CT £9.75; 50V 6A E27.00.
TWIN SEC TRANSFORMERS: Pram 240V De.
6V 0 6A + 6V 0 6A, 9V 0.4A + 9V 0 4A, 12V 0 25A + 1 2V
0 25A, 20V 0 15A + 20V 0.15A, all at E3.25 each. 15V 0 75A +
15V 0.75A ESA'S; 15V 1.5A + 15V 1 56 ECU; 18V IA + 18V
16 E8.10; 18V 1.5A + 1BV 1 5A E7.30; 20V 1 5A. + 20V 1.5A
E7.30; 12V 4A -1- 12V 4A£5.10; 25V 2A + 25V 2A E11.10.
MIDGET RECTIFIER TRANSFORMERS: 240V Sc.
6-0-6V 1 5A or 9-0-9V IA E2.45 each, 12-0.12V lA or 20-0-20V
0 75A E2.96 each. 9-0.9V 0.3A or 12.0-12V 0 25A or 20-0-20V
0 15A E2.95 each
LT TRANSFORMERS TAPPED SEC: Prim 240V sc.
0-10.12-14-16-18V 2A £4.85; 4A £8.50; 0.12.15-20-24-30V
2A £5.85; 4A £8.90; 0-5.20-30.60V IA ELM 2A £9.75;
0.40-50-60-80.100.110V IA E9.70.
MAINS TRANSFORMERS SPECIAL OFFER: Prim 240V se.
250-0.250V 60Ma 6 3V 16 £1.50; 250V 100Ma 6 3V 2A E2:
9V 3A E2; 23V 0 5A E1.25: 20W Auto 110/240V [1.75.
SPEAKER AUTO MATCHING TRANSFORMERS
12W. 3 to 8 or 15 up or down, E2.50.
LOUDSPEAKERS
38 or 45rnm or 21/4in 8(1 8 or 250. Vain 8 or NO, am 3511
31/4in 3 16 or 800 all at E1.10 each. 5 x 3m 3. 8. 15 or 250
(1.25; 7x 4in 3.8. 16. 25 or 800. £1.75. 8e 5in 4. 8 or 250
E2.50( Bin 8(3 £2.50

"BULK CASSETTE/TAPE ERASER
Instant erasure of cassettes and tape spools, any diameter
demagnetises tape heads. 200/ 240V ac E15.50.
POWER SUPPLY, TWIN OUTPUT: Prim 240V ac.
New. British manufacture. smoothed d c output 20V 1 5A. plus
stabilised output of 15V 100Ma. plus 12V ac 0 56 output.
complete with diagram. E3.30.
CONDENSERS
Electrolytic 1000 / 50V 30p; 2000/30V 30p; 1200 / 75V 50p:
3900, 100V £1.25; paper tubular W E 0 47,600V. 2 2 150V
4 7/ 160V all at 26p each, £15 per 100
EDGWISE LEVEL METER FSD 200 s A
Sire 19 x 18x 20mm 800(). £1.10.
SYNCHRONOUS GEARED MOTORS, 240A ac.
Brand new built in gearbox, 1, 6 8 or 20 RPH, all at £1.20 each.
0/P TRANSFORMERS FOR VALVE POWER AMPLIFIERS
P P sec tapped 3-8-15. A -A 6K 30W £11.50; A -A 3K 50W
E17.170; 100W (EL34 KT88 etc) E22.00.
G.E.C. MANUAL OF POWER AMPLIFIERS
Covers valve amplrfiers 30W to 400W 75p.
MUCH WAY CABLE, SCREENED PVC COVERED
16 way E1.00; 25 way 75p; 14 way 50p; 6 way 25p; 4 way 20p;

way 10p; 1 way Sp; fig 8 stereo 15p per metre. 4 way
odrvidually screened 25p per metre. 4 way unscreened mains 30p
per Metre
TWIN FIG 8 CABLE
Polarised, 100 metre £4.50.
MINI 3 CORE CIRCULAR CABLE, 19 x .10mm
deal for speakers intercoms, telephones etc E4.50 100th

ALL PRICES INCLUDE V.A.T.
CARRIAGE EXTRA ON ALL ORDERS

Callers by appointment only
S.A.E. enquiries. lists

46 Kenilworth Road, Edgware, Midds HA8 8YG
TeL 01-958 9314

Save on Calculators
TEXAS
T15040 (print. display. 10 digits. meet printing .1c) E 72.00
PC1008 (Print Cradle for Ti prop calculators) El 74.12
SR51.3 (10 merns 8+2. 32 dreg ate.) (33.48
(157 (Key Prog 150 Prog steps, 8 Moms) E32 35
7158 (480 Prop steps/60 mem I 179.92
T159 (960 Wog steps/100 mem I POA
Software for T159 & 58 (each) (four available) (25 40
TI Programmer (Hex to Oct conversions) E49.95
Little Professor (child's calculator) E10.80
CASIO
FX2200 (6+2. scientific/fraction, LCD, 1000 hours) E19.95
FX120 (10 dig. full so + 6 brkts +Polar/rect coordinates £19.95
FX39 (6+2 otherwise as FX1401 E15.50
ST -1 (4-wey Stopwatch function & %) (24.95
MO5 IL C D Clock. two Alarms, Calendar, Celt ) E34.95
601000 (L. C.O.Cale . Timer Clock. Alarm. 1 year bal.) E19.90
HEWLETT PACKARD
11 P.31E at £37, 11 P 33E (supercedes HP2A) E64.00
H P 22 Business/Management Calculator Low Price POA
H.P_25C (Continuous memory programmable scientific) E 106.95
H.P.29C (new combo H P 27 + H P 25C) E123.83
H P.67 E287.04, H P 97 E474.05
COM
41908 (913 functions 10 + 2) .. E27,54
PRO 100 (8 + 2 key prop 72 steps, 10 memories) E30,45
M55 (Maths) S61 (Stets( N.60 (Navigator) E58.32
LC5KI (L.C.D . 5,000hr bat life) E10.80
Sinclair Programmable Calculator E13.44
A C Adaptor £3.00 Program Library £4.62
SHARP ELK 130. LCD musical talc - great. no keys £18.50
CT550 L.C.D. Clock Cak. 24 time:ones (Alarm) £44.00
ROCKWELL 44RD (5+2) (Scientific) E13.90
Master Chase Challenger (60.000 moves) (124.95
Gammon Master II (Computer backgammon) Low r POA
Computer Checkers (Draughts) POA
C SM Pot 2001 (8K) (Company orders only) 1895

WE SUPPLY ALL SEIKO WATCHES
Ale* available L.C.D. /Alarm wretches

THE SINCLAIR PDM35
digital Multimeter

Now a digital multi -
meter at an analogue
price and look at the
spec!
D.C. VOLTS 1 mv-
1000,41% - 1 count)
10m() input.
A.C. VOLTS 1v -500y
40Hz-5kHz (1% +2
counts).
D.C. CURRENT
1 inA-200mA (1%
count)
RESISTANCE 10 -
20mQ (1 S + 1

count)

£28.80.E29.85 purchase order both inc VAT
and PAP

A C Mains adaptor E3.20
deluxe padded carrying case £3.20

30kV probe E18.64

THE SINCLAIR MICROVISION

The amazing pocket T V that will
pick up programs throughout the
vwdd complete with rechargeable
batteries

£196 inc. V.A.T.
Sae (for detailed Brochure ex -stock

SINCLAIR DM235
Portable 31/2 digit 6 functior.
Multimeter
DC volts lmV to 1000V
AC volts linV to 750V
AC & DC current le A to lA
Resistance I() to 201.10
Diode test 0 le A to 1 mA
lOnr() input. DC acc 1 0% AC
acc 1 5% 30Hx.10K11:

£52.80 flc VAT

CASIO AQ1000

LCD Watch Stopwatch
Calculator and Alarm

Time hour, imos secs arn
Stopwatch u/ s to 9 hrs. 59 mins. 59 9 secs
Alarm sounds at the preset time everyday till
cleared
r...elculator four functions including constants

,ernory calculations. %.

E19.90nc VAT

MODEL MCC -8
LCD Chronograph with adiustable bracelet 8 -functions hour,
minutes. seconds, month. date. day. stopwatch. lap time and tot,
elapsed time Stopwatch timing shown in minutes. seconds, tent,
and hundredths of seconds Pushbutton backlight

/company purchase orders on all good

KRAMER & CO
9 October Place, Holders Hill Road. London NW14 lEJ

Telex 888941 ATTN. KRAMER. 1(7 Tel. 01.203 2473
MAIL ORDER ONLY S.A.E. for data sheets

Export engroriee welcome
Telephone end Tales orders accepted
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electronics
by John Miller -Kirkpatrick

AS YOU SWELTER in the sun this Summer (?) think
forward to Christmas 1978 and the never ending task of
trying to think of new and original presents for Aunt
Mavis and Uncle Eric. If you think that you have
problems spare a thought for the manufacturers of gimic
presents who have the problem this year of what form to
present an electronic goody. Should they come up with a
super calculator which calculates, tells the time and date
in all 24 time zones, checks your pulse and biorhythm,
etc. etc, - bit old hat really! What about a new gadget
for the kitchen which slices cucumber, carrots, potatoes,
picks up crumbs and nails and checks your pulse and
biorhythm?

Auto -focus for cameras and ...?

Electronic cameras have been with us for some years
with automatic light sensors, shutter timers, etc. The
latest development is a self -focusing device which is now
being fitted to some cameras, the device is from Honey-
well and goes under the name of Visitronic. The type of
rangefinder or auto-focusser fitted to some cameras at
present is based on two mirrors, one fixed and one

PRISM

EXTERNAL FIXED MIRROR

LENS

LENS

INTEGRATED
CIRCUIT

EXTERNAL MOVING MIRROR

Fig. 1. External arrangement of mirrors for the Visitronic.

moveable, which reflect the images onto the viewfinder.
Adjusting the focus screw moves one of the mirrors
until the images relfected from the two mirrors become a
single image and at this point the image is assumed to be
in focus. A similar system is used in the Visitronic except
that the images are reflected onto the surface of an IC
with two photosensor arrays, one at each end of the IC.
As the mirror is moved the images presented at the two
photo arrays are compared and a signal is produced
which is relative to the comparative matches in the two
arrays with a peak at the best match. The movement of

NEWS

Fig. 2. The Visitronic module, with prism, two lenses and linear
IC chips.

the mirror is linked to the focussing ring of the camera
and thus is capable of continuously adjusting the focus
of the camera so that it is centred on the most obvious
subject in view. The speed at which this happens is fast
enough to operate during the time that the shutter is
open for a still camera and thus is capable of 'instant'
focus for cine or TV cameras.

The whole unit is packaged in a TO -8 can with a
sophisticated plastic over which also incorporates two
plastic lenses and a prism to transmit the light from the
external mirrors onto the photo arrays, the mirrors,
mirror motor, and controls are not included. The actual
chip measures 100 x 250 mils and contains sensors,
amplifiers, voltage regulator, reference voltage, peak
detector and output driver. The photosensor arrays are
each broken down into four parrallel sensors on each
side of the chip, the use of four sensors in each array
increases the sensitivity of the device and allow for more
accurate calculation of the best image match.

Eye Technology
Applications of the Visitronic are not limited to use in
cameras. Your average run of the mill Robot uses light or
ultrasonics to find its way around obstacles, it might now
be possible to use one or more Visitronic devices to give
the Robot something approaching the concept of an eye.
With an MPU backing up the Visitronic it may be
possible to differentiate between similar objects of
different sizes, different textures or colours. This might
well be a beginning to the answer to one Robot problem
which has always fascinated me - unless you know
different. If you show a young child a picture of a male
lion standing under a tree the child has no difficulty in
relating this to your own small tabby kitten and will not
mistake it for a dog. The Robot can be persuaded to
recognise the picture of the lion and can inform you that
it is the picture of the lion, and can inform you that it is
the picture you have told it is called lion on any sbuse-
quent showing of the picture. If your kitten wanders into
the viewing range of the Robot it will not recognise it at
all unless the kitten decides to strike up a pose similar to
that of the lion under the nearest hat stand. Is the
problem of recognising a pattern from a different angle,
size. colour, etc really that difficult?

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1978 87



GEARED MOTORSSERVICE TRADING CO
WHY PAY MORE?!
MULTI RANGEMETER Type MF15A. AC /DC
volts. 10. 50. 250. 500. 1000. Me 0.5. 0.10.
0-100. Sensitivity 20005. 24 ranges. dimensions
133 x 93 x 413rtim Price £6.50 plus 50p P&P
(E7.156 inc. VAT & P)

TRIAC.
Raytheon tag symmetrical Triac Type Tag 250/500v 10 amp 500 piv
Glass passivated plastic mac Swiss precision product for long term

liability E1.25 P&P 10p (£1.46 Inc VAT & P) (inclusive of date and
ipplication sheet) Suitable DISC 22p.

0 to 60 MINUTES CLOCKWORK TIMER.
Double pole 15 amp 230AC Contacts (no dial) £1.50. P&P 30p 1E1.9
me VAT & P)

VARIABLE VOLTAGE TRANSFORMERS
INPUT 230 v. A.C. 50/60

OUTPUT VARIABLE 0/260v. A.C.

Carriage extra

BRAND NEW. All types.
200W (1 Amp) fitted A/C

volt meter
0.5 KVA (Max. 2 1/2 Amp)
1 KVA (Max. 5 Amp)
2 KVA (Mao. 10 Amp)
3 KVA (Mao. 15 Amp)
4 KVA (Max. 20 Amp)

£14.50
£17.00
£22.50
£37.00
£45.50
£70.00

MERCURY SWITCH
urn x 5ffer 10 for E5.001inc VAT £5.72) Min

230 VOLT AC FAN
ASSEMBLY
Powerful continuously rated AC motor complete
with 5 blade 61/2" aluminium fan New reduced
price E3.00 P&P 65P 1E3.94 inc VAT &

New Manufacturers Surplus

LT TRANSFORMERS
010-15v at 3 amp (ex new equip) £2.50 P&P 50p (E3.24 inc. VAT)
13-0-13v at 1 amp £2.60 P&P 50p (E3.24 inc. VAT)
25-0-25v et 2'h amp £4.50 P&P 75p(E15.67 inc. VAT & P)
0.40/60/240/320 at 12 amp E15.00 P&P Cl .50 (£17.62 inc. VAT & P)
0.6v/12v at 20 amp £13.50 P&P El .50 (inc. VAT £16.20)
0.12v at 20 amp or 0.24v at 10 amp E12.00 P&P El .50 (E14.511 inc. VAT
& P)
0.6v/ 12v at 10 amp £8.25 P&P E1.25 (inc. VAT £10.26)
0-6v/12v/17v/18v/20v at 20 amp £16.50 P&P £1.50 (E19.44 inc.
VAT & P)
0.10v/17v/18v at 10 amp E10.00 P&P E1.40 (Inc. VAT E12.31)
0.6v/ 12v at 20 amp £11.85 P&P E1.00 (C13.66 inc VAT & P)
Other types in stock; phone for enquiries or send sae for leaflet.

100 R.P.M. 115 lbs. ins.!!
115 lb ins., 110 volt. 50112. 2 8 amp, single phase.
spilt capacitor motor. Immense power. Continuously
rated Totally enclosed. Fan cooled. In -line gearbox
Length 250rnm Dia 135mm Spindle Dia 15 5rnm
Length 145mm, ex -equipment tested £12.00 Post
El 50 (E14.1513 inc. VAT & P) Suitable transformer
230/240 volt £6.00 Post 75p (£9.45 inc VAT & P)

BODINE TYPE
GEARED MOTOR
(Type 1) 71 r.p.m. torque 101b.in
Ravereible 1 r 70th h p cycle 38 amp. This U S.A.motor is offered in
with transformer for 230/2400 AC input Price type £6.25 Post 75p
(E7.56 Inc VAT & P). or less transformer £3.75 Post 65p (C4.75 Inc
VAT & PI (Type 3) 71 r p.m.230 volt A C Continuously rated. Non
reversible £6.50 Post 75p 1E7.83 inc VAT & P1

26 r.p.m., 206. inch approx. 115v a.c. Reversible similar to above
drawing Meg by Wynstruments. Price £4.75 + 75p p&p. Total inc VAT
E5 94 Supplied complete with transformer for 240v AC operation E7.25
P&P LI inc VAT £8.91. New Manufacturer's Surplus.

21 -WAY SELECTOR
SWITCH with reset coil
the ingenious electro mechanical device can be
switched up to 21 positions and can be reset from
any position by energising the reset coil
230/240v. A C operation. Unit is mounted on
strong chassis. Complete with cover Price £5.50
P&P 75p )E6.75 inc. VAT & P)

VORTEX BLOWER AND AIN\
VACUUM UNIT
Dynamically balanced to tally enclosed 9"
rotor with max air delivery of 1.5 cubic
metres per min Max static pressure
600rnal W G Suction or blow from 2

side -by -side 37mm I D circular apertures
fitted to base of unit Powerful continuously
rated 115v a c motor mounted on alloy base
with fixing facilities Dimensions Length
22cm x width 25cm x height 25cm

These units are ex -equipment but have had mule-num use Fully tested
prior to despatch Price £12 + Cf 50 P&P 1E14.58 inc. VAT & P)
Suitable transformer for 230, 240v a c E6 + El P&P (E7.1611inc VAT &
PI

CENTRIFUGAL BLOWER
Smith type FFB 1606 022 220/240v. A.C.
Aperture 10x4 1/2cm overall size 16x14cm. Price
£3.76 p&p 75p (inc VAT £4.66). Other types
available phone for details.
New Manufacturer's Surplus.

CROUZET 230V A.C.
2 R.P.M. synchronous motor, brand new £2.90, p&p 30p (C3.46 in(
VAT).

NI -CAD BATTERY
35 AH 1.2v Metal Height Width

(mm) (mm)
219 75

£7.50 + P.P.50p (E5.64) inc. V.A.T.

Length
(mm)
29

,7,7r-47

MINIATURE 13 I :?"
UNISELECTOR 4,4 -4;4:

11 way 4 bank (3 non-bridgIng 1 homing)

£2.50 P&P 35p 1E3.05 inc VAT 817)

rHY-LIGHT STROBE KIT Mk. IV
11. Latest type Xenon white light tube Solid state timing and triggering !it

circuit 230/ 240 volt A.C.operation Speed adjustable 1.201 p.s. N.
-,_ Designed for large rooms, halls. etc. Light output greater than many

(socalled 4 Joule) strobes. Price £16.00 post El (C20.56 inc. VAT
& P) Specially designed case and reflector for Hy -Light E8.25 Post
El 00 (E11.99 inc VAT & P)

4(*********************
*ULTRA VIOLET BLACK LIGHT
-Ix FLUORESCENT TUBES

481. 40 weft £7.75 (callers only) 2ft. 20 welt £5.59. P 60 *
(For use in bi-pin fittings) Mini 12In. 8 wen £2.50. Posti'025p.'

To`,)(E2.976.0 inc
4 watt

& 1p75 Post)9in.6 2wa5tt £2.00 Post 25p 1E2.43 inc. VAT 11:
P)IE2.16 inc VAT &

.9( .Complete ballast unit. Either 6". 9" or 12" tube 230V A.C.op *

IOC It3.C56opp.r3.
P581)Pp,u°sPFT.:(1)pinc. VAT & P) Also available for 12V.

yy
(C4.21 inc. VAT E P)21"6 ***************

WIDE RANGE OF DISCO
LIGHTING EQUIPMENT
S.A.E. (Foolscap) for details

COMPRESSOR, precision built by Emer-
son USA. Horizontally opposed twin head diaphram
type producing 20Ibs Plus P.S.I. per head 3 5 plus
C F.M Output virtually pulse free Powered by 110v'
A.C.motor size 30x23x15cm. Weight 7 kilos Price
£20 p&p E2 00 linc VAT E23.76).
Suitable transformer for 230. 240v A C £6.00 p&p
C1 00 (inc. Vat £9.72) New Manufacturers Surplus.

STROBE! STROBE! STROBE!

FRACMO
56open 50Ibs inch 240vAC reversible. 0.7 amp. 4-
sharplength 35mm, die 16mm, weight 6 kilos
600 grams. Price £15.00 P&P El 50 (E17.62
inc. VAT). New Manufacturers Surplus.

PARVALUX GEARED MOTOR
Type SD18 240v AC reversible 30 rpm 50Ibs inch.

Price £15.00 P&P El .50 (£17.52 inc. VAT)

New Manufacturer's Surplus.

A.E.G. WATER PUMP
200/2400 a c motor. 2850 rpm. 480w
approx 1/3 hp. driving a centrifugal pump
with 11/2" inlet and outlet delivering approx
40 galls per mm at 10h head. Ideal for
pumping or circulating any non corrosive
light viscosity liquid. Dozens of uses in
industrial labs etc Note this pump is not
selfpriming Price £15 + 75p P&P (E17.01
Inc VAT & P) New Manufacturer's Surplus.

CITENCO 19 RPM
FHP motor type C 7333/15 220/ 240v a c 19
rpm reversible motor, torque 14.5 kg. Gear ratio
1441.Brand new Inc! capacitor. our price
£14.25 + El 25 P&P (C16.74 inc. VAT & P).

New Manufacturer's Surplus.

REVERSIBLE MOTOR 230V A.C.
General Electric 230v A.C.. 1.800 r.p.m. 0.25 amp. Complete with
anti -vibration mounting bracket and capacitor. 0/A size 110mm x
90rnm. Spindle 5/16 dia. 20mm long. Ex -equipment tested £3.00.
Post 50p (E3.78 inc. VAT & P).

XENON FLASH
GUN TUBES
Range of Xenon tubes available Irons
stock S A E for full details

BIG INCH
Tiny precision built 3 rpm USA motor size only
I x 1 100 volt AC op supplied with resistor for
230 volt AC price E2.37 p&p 20p 4 for £5.40
oast paid. New Manufacturer's Surplus.

fi
MICRO SWITCHES
Sub min lever IT /switch type M M L46 10 for E2.50.
Type 3 115M 906T 10 for E2.50 post paid (E2.70 inc VAT
A I

BF lever operated 20a c/o mf Unimax USA 10 for £4.00
plus 50p P&P (min. order 101 (E4.116 inc VAT & P).
D P C/O lever m /switch mfg by Cherry Co USA Precious metal. Mu
resistance contacts. 10 for E2.50. P&P 30p Total inc. VAYE3 02 (min

i

New Manufacturer's Surplus.

RELAYS Wide range of AC and DC relays available
Irom stock Phone or write in your
enquiries

230/240V A.G. Relays: Arrow. 2 c / o 15 amp E1.50 (E1.114 Inc VAT
& P)
T E C open type 3 c/o. 10 amp E1.10 (E1.40 inc VAT & P1 Omoron or
Keyswitch I Op 7 amp E1.00 (E1.30 Inc VAT &

D.C. Relays: Open type 9/12V 3 c/o 7 amp £1.00 (C1.30 inc. VAT &
PI Sealed 12V 1 c/o 7 amp octal base. £1.00 (EI.30 inc. VAT & P)
Sealed 12V 20/o 7 amp octal base. £1.25 (EI.56 inc VAT & P) Sealed
12V 3 c/o 7 amp 11 -pm. £1.35 (C1.67 Inc VAT & Pl. 24V Sealed 3

c/o 7 amp 11 -pin £1.35 (E1.117 Inc VAT & P1 (amps xx contact rating)
P&P on any Relay 20p.
Other types available - phone for details.

METERS 90mm Diameter
DC Amps type 65C5. 0-2A. 0.5A, 0.20A 0.50AA As 6212 1A ) 5.4 0 VGA Di. v

) . ) . Ai. . type 621/
0.300V. All at £3.50 P&P 50p (£4.32 inc. VAT) DC Amps
type 65C5 01-100 at £6.00 P&P 50p (E5.94 Inc VAT)

'VENNER TYPE' ERD TIME
SWITCH

200/250V A.C.30 amp 2 on/ 2 of every 24 hrs. at
any manually pre-set time. 36 hour spring reserve and
day omitting device. Built to highest Electricity Board
specification. Price £7.75 P&P 75p (E9.18).

Reconditioned and tested.

SANGAMO WESTON TIME SWITCH
(coo r - E7.02

Reconditioned and tested  
A.E.G. TIME SWITCH

20072505 A.C.1 on /1 off every 24 hrs. 80 amps contacts (ideal
storage heater) spring reserve Price E10.00 P&P 50p (£11.34).
Reconditioned and tested

11 -pin top entry plug complete with 11 -pin PC socket £3.60 for 10
pair. p&p 60p + VAT (E4 43). Mm 10 pair.

NEW HEAVY DUTY
SOLENOID
Mfg by Magnetic Devices 240v A.C.
Operation approx. 10Ib pull at 1 25 Price
E4.00 P&P 60p (t4.96 ,nr VAT)
Ex LT

RESET COUNTER
.,iits AC 3 digits mfg Veeder Root type

1431 £1.75 P&P 25p )E2.16 inc. VAT & PI
]fig 24v d c non set E1.50 P&P 25p (E1.119 inc
VAT &P)
6 Ty 24v d resetable £3.00 P&P 25p (E3.51
inc VAT & PI

New Manufacturer's Surplus

24 VOLT D.C. SOLENOIDS
UNIT containing I heavy duty solenoid approx. 25 lb. pull at 1 in

travel 2 solenoids of approx 1 lb pull al in travel 6 solenoids of
approx 4 oz pull at )72 in travel Plus 1 24V D C ABSOLUTE
1 heavy duty I make relay Price. E3.00 Po, BARGAIN
IT 00 1E4.32 Inc VAT & P)

240 A.C. SOLENOID OPERATED
FLUID VALVE
Rated 1 psiwill handle up to / psi.Forged brass
body. stainless steel core and spring 1/2 in. b.s.p. inlet
outlet Precision made British mfg
PRICE E3.50 Post 50p (E4.32 Inc VAT & P)

ALL MAIL ORDERS, ALSO CALLERS AT

INSULATION TESTERS
(NEW)

est to I.t.E spec Rugged metal construction.
suitable for bench or field work. constant speed
clutch Size L 8 in W 4 in H 6 in weight 6 lb
500 VOLTS 500 megohms

£46.00 Post 80p (£57.78 inc. VAT & PI
1000 VOLTS 1000 megohms

855.00 Post 80p (E60.26 inc VAT & Pi SAE for
leaflet

VATAmTuCgRBEENATDRDAETDE

TO ALL ORDERS

FOR THE TOTAL VALUE OF GOODS INCLUDING

POSTAGE UNLESS OTHERWISE STATED

ACCOUNT CUSTOMERS MIN. ORDER £10.00

A.C. MAINS TIMER UNIT
Based on an electric clock. with 25 amp.
single -pole switch which can be preset for any
period up to 12 hrs ahead to switch on for any
le gth of time, from 10 mins to 6 hrs then switch
off An additional 60 min audible timer is also I

incorporated Ideal for Tape Recorders. Lights
Electric Blankets etc Attractive salon copper finish
Size 135 mm x 130 mm x 60 mm Price £2.25.

I Post 40p (Total inc VAT & Post £2.67).

POWER
RHEOSTATS

New ceramic construction. vitreous enamel
embedded winding. heavy duty brush assembly
continuously rated

25 WATT I rr 25 100. 150. 250. 500. 1 k. 1 51t ohm 82.40 Post
20p 1E2.81 inc VAT & P) 50 WAIT 100. 500. 1k ohm £2.90 Post
25p 1140 inc. VAT & PI. 100 WATT 1 / 5 , 10 / 25 / 50 / 100,.
250/ 500 /1k /1.5k/2.5k/5k ohm EPA*. PON 35p (£6.75 inc. VAT
& P)
mom sumer armee knob calibrated in Nos 1-9. 1./2 in dm brass
bush Ideal for above Rheostats. 24p se.

600 WATT DIMMER SWITCH *.

Easily fitted Fully guaranteed by makers Will control up to .

600w of lighting except fluorescent at mains voltage t
Complete with simple instructions £3.95 Post 25p (E4.53 -

inc VAT & PI 1000 watt model E5.60 Post 25p (E6.32 inc.
VAT & PI 2000 watt model £5.75 Post 40p (E10.96 me
VAT & Pi

SERVICE TRADING CO. PERSONAL CALLERS ONLY

57 BRIDGMAN ROAD, CHISWICK,
LONDON, W4 58 B. Phone: 01-995 1560

Closed Saturdays.

SHOWROOMS NOW OPEN
AMPLE PARKING

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.

Tel.: 01-437 0576
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Electronic Switch
S. Yacu

This circuit provides remote switching
of up to eight loads, and uses only two
switches for selection. One switch is
used to select the load to be control-
led, the second controls whether the
load is energised or not. If the state of
one of the loads needs to be changed,

3k3

NOTE
01-8 TO SUIT RELAYS
09 10 ARF tiC1013
Cl IS 7413
C2 IS 7490
C3 IS 7442
C4 IS 7400
C5 IS 7430
C6 IS 7447

DISPLAY IS I)L707

SVVlis depressed until the number of
the load appears on the 7 -segment
display. The decimal point then indi-
cates whether or not the load is ener-
gised. To change the state of the
load, SW2 is depressed (pressing
SW2 again will change the loads state
again).

The circuit is based on a 7442,1 of
8 multiplexer and a 7490 binary
counter. When SVV1 is closed, the

Schmitt trigger IC1 will oscillate and
clock the 4 -bit counter. This drives the
7 -segment decoder and the 1 of 8
multiplexer. The outputs from the
multiplexer are inverted and fed to the
J -K flip-flops. When SW2 is pressed
and released, a pulse will occur at the
collector of Q10. The pulse will clock
the selected flip-flop and activate or
deactivate the relevant relay driver
transistor (Q1-8).

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer
queries on these items.

ETI is prepared to consider circuits or ideas submitted by readers for this page. All items
used will be paid for. Drawings should be as clear as possible and the text should preferably
be typed. Circuits must not be subject to copyright. Items for consideration should be sent
to ETI TECH -TIPS, Electronics Today International, 25-27 Oxford St., London W1R 1 RF.
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B. BAMBER ELECTRONICS CASH WITH ORDER. (MINIMUM ORDER £2.001

PLEASE ADD VAT AS SHOWN
DEPT. ETI, 5 STATION ROAD, LITTLEPORT, CAMBS. CB6 1QE POST PAID (UK ONLY), SAE WITH ENQUIRIES

Tel. ELY (0353) 860185 (Tues. to Sat.) CALLERS WELCOME BY APPOINTMENT ONLY

ALL BELOW - ADD 8% VAT
MAINS TRANSFORMERS, TYPE 15/300 240V
input 1 5V at 300mA output £1 50 each
MAINS TRANSFORMERS, TYPE 45/100. 240.
220. 110 20 OV input, 45V at 10OrnA output. El 50
each
MECHANICAL COUNTERS. 4 digit Resettable. 60p
each
SLOW-MOTION MOTORS, 120V 50Hz 1RPM Size
approx 2 do 11/2 deep. with V. spindle, 60p each.
or 2 for El .00
11/2V DC MOTORS (Ideal for model makers. quite
powerful). 50p each
SOWS VALVES (BRAND NEW), 85p each, or 2 for
El 50
SUB -MINIATURE ROTARY SWITCHES, 4 x 5 -way
make contacts Size approx 3a dia 1 deep. 3/16
spindle. 509 each
30pf BEEHIVE TRIMMERS. Brand new. 4 for 50p.
MM. Spf AIR SPACE TRIMMERS, approx. %
square. 3 for 50p
MM. Spf COM ION TRIMMERS, V: x

5, 16 .4 for 50p
SMITHS CLOCK MOTORS. 200-250V 50Hz 2
wens. 1 rev. every 2 rains , 3 hole fixing. Vs spindle.
E1.00 each.
LARGE ELECTROLYTIC PACKS. Contain range of
large electrolytic capacitors. low and high voltage types,
over 40 pieces. E3.00 per pack (+ 1236% VAT).

FULL RANGE OF BERNARDS/BABINI ELECTRONICS
BOOK IN STOCK S A E FOR LIST

A NEW RANGE OF QUALITY BOXES
& INSTRUMENT CASES

Aluminium Boxes with Lids

4810 51/4.4,111/2
A013 6x4x2
A814 745x21/2
ABI5
4E116 1047x3
4017 10x4.4x3
AB25 60403

Vinyl Coated Instrument Casea
Blue Tops with Plain Lower Sections

Very smart finish

WB2
WB3
WB4
VVB5
WB6
WB7
WB853

:62,6(2%
6x41/2x1f5
8.6,0
9x5'vx2'6
lx6'kx3

11x71/2x31/2
12x6x51/4
9451/20'6

75p
El 00
El 25
El 50
El 75
El 50
E1.25

75p
El 35
El 80
E2.00
E2 25
E2 50
E2 85
E2 25

ALL BELOW - ADD 8% VAT
MIXED COMPONENT PACKS. Containing resistors

capacitors switches pots etc All new, and hundreds
of items £2 00 per pack. while stocks last.

A NFW RANGE OF SPEAKERS & CABINETS.
BRAND NEW & BOXED. AT BARGAIN PRICES.

TELEFUNKEN HIGH QUALITY SPEAKERS. 3 ohm.
8 watt RMS. 9% dia Full range type E6 00 each (or
2 for Ell 00) + 121/296 VAT.

TYPE L2 TRIANGULAR CORNER CABINETS.
Smart woodgrain Formica type finish with nylon
grille. Overall height 23 x 12 wide. Contain three
15 ohm 61/2 x 4 full range speakers in parallel +
100V line transformer (easily disconnected for 5 ohm
operation) E7 50 each (or 2 for El 4 00) + 12'6%
VAT

TYPE M704 CEILING SPE . White plastic
fascia 10 square. for recess mounting into ceiling.
with 8 dia 15 ohm full range speaker. E4.00 each
+ 121/2% VAT SPIRALUX Tools for Electronics enthusiast SAE for

TYPE L4 PORTABLE SPEAIAER CABINET. Smart list
woodgrain Formica type finish with nylon grille. 15
high x 14 wide x 7 deep (tapering) containing
10 round. 15 ohm full range speaker + 100V line
transformer, E7.00 each + 121/2% VAT

TYPE HT4 HOTEL SPEAKER CABINET, wood
veneered, 12% wide x 5'4 high x 3% deep.
with aluminium grille + volume control and 4 way +
off switch panels on front. Very smart. contains 3 ohm
5 X 3 eliptical speaker + 100V line transformer.
E5 00 each + 121/2% VAT

ISTORS
13E5,51 Transistors. 4 for 60p.
BCY72 Transistors. 4 for 50p
BSX20 (VHF osc /molt.). 3 for 50p.
BC107 (metal can) 4 for 50p.
BC108 (metal can) 4 for 50p
PBC108 (plastic BC108). 5 for 50p.
BF152 (UHF amp/ mixed). 3 for 50p.
2N3819 Fet., 3 for 60p.
BC148 NPN SILICON, 4 for 50p
BCI 58 PNP SILICON. 4 for 50p.
BAY31 Signal Diodes, 10 for 35p. PLASTIC PROJECT BOXES, with screws on lids (In
741CG RCA OP Amps 4 for El 00. black ABS) with brass inserts
SCRS400V at 3A. stud type, 2 for E1.00 Type NB1 approx. 3 x 21/2 x 11/2 45p each.
TIP2955 Silicon PNP power transistor. 60V al 15A. 90 Type NB2 approx 3% X 2% x 11/2 55p

Watts, Flat pack type. 2 for Et 50. Type NB3 approx 41/2 it 3% x 11/2 65p each.
GERMANIUM DIODES. approx 30 for 30p Slider Switches 2 pole make and break (or can be used
1 N4148 (1N914) diodes 10 for 25p. as 1 pole change -over by linking the two centre pins).
VALVES 4 for 50p
00V03 / 20A (ex. equipment) E3.00 OSMOR 10V REED RELAY COILS (1k ohm coil) to fit
ChaV03 / 10 (ex equipment). 75p or 2 for Cl .20 1/2 reeds (not supplied). 2 for 50P
68H6 (ex equipment), 2 for 50p HE CHOKES wound on x 1 long formes, 4 for
All the above valves are untested. except for heaters. 50p

and no guarantee of percentage of emission is given VHF CHOKES wound on 6 -hole tubular ferrite. 5 for
Sorry. no returns 40p

ALL BELOW - ADD 8% VAT
MULLAH() 85A2 85V STABILISER VALVES (brand

nawl 70p each or 2 for El 20
RED LED. (Mm type) 5 for 70p.
VIDICON SCAN COILS (Transistor type. but no data)

complete with vidicon base. E6 50 each Brand new
AEI CS10E1.. R MICROWAVE DIODES. up to X.Band

max noise figure 8 5dB at 9 375GHz. 800 each.

4.3
48
48
4.8
6.8
4.8
68
8.6

106

x 2 3
x 2.3
x 3 8
x 3.8
x 4.8
x 3 8
x 4.8
x 5 8
x 6.8

DIE-CAST BOXES
SIZE swam

12 (111 x 60 x 30mrn)
1.5 (121 x 60 x 38mrn)

E1.10
E1.88

1 (121 x 95 x 25mm) £1.80
2 (121 x 95 51mml E2.20
2 (171 x 121 x 51mm) £2.75
3 (121 x 95 x 76rnm) E3.00
4 (171 x 121 x 101 mm) E4.20
2 (222 x 146 x 51 mm( E3.78
2 (273 x 171 x 51 mm) E4.85

4MHz XTAL PACKS (10 assorted Yu's between 4MHz
and 5MH:). Our selection only El 00 pack

SOLDER SUCKERS (Plunger Type)
Standard Model, E5.50.
Skirted Model. E6 00.
Spare Nozzles. 65p each.

MULTICORE SOLDER
'h Kg (1 115) 60/40 20 SWG on plastic reel. £3 00.

WELLER WP60D Mains operated temperature control.
soldering iron. El 5 00.

SPARE TIPS (for WP60D) Two types available TYPE
CC7 (W60D) Standard TYPE AA7 (W60D) Finer tip.
El 60 each

WELLER TCP2 temperature controlled soldering iron.
and PU2D power unit (replaces Weller TCP1). Iron +
PSU E30 00 Spare tips CC7 (standard) or K7 (finer
hp) £1.50 each

Slider Switches. 2 pole make and break (or can be used
as 1 pole change -over by linking the two centre pins).
4 for 50p

ALL BELOW - ADD 8% VAT
DUAL TO18 HEATSINKS 1 X 65 x 66 with

screw -in clamps. 3 for 50p
GLASS BEAD FEEDTHROUGH INSULATORS, solder -in

type. overall dia 5mm, pack of approx. 50 for 50p
LARGE GLASS BEAD FEEDTHROUGH INSULATORS

as above but 8mm die pack of approx 50 for 70p.
12V CONTINENTAL -TYPE PLUG-IN RELAYS. 2 pole

change -over. 700ohm coil, 60p each Bases to fit
(only supplied with relays), 10p each

11/2V DC MOTORS, small but powerful (ideal for
modelmakers), 50p each.

20V RELAYS. PCB mounting type. single pole change-
over, 35p each.

BSA AUTOCHANGE RECORD PLAYER DECKS with cue
device. 33-45-78 rpm. for 7 . 10 . 12 records
Fitted with SC 12M Stereo Ceramic cartridge and styli
Brand new. £14.00 + 121/2% VAT.

GARRARD AUTOCHANGE RECORD PLAYER DECKS.
Model 6 300. with cue device, 33-45.78 rpm. for
7 10 12 records Fitted with KS4113 Stereo
Ceramic cartridge and styli Brand new. E16.00 +
126596 VAT

Please note, record decks sent by Roadline. allow 14
days for delivery

10 7MHz SSB XTAL FILTERS (2 4kHz Bandwidth) Low
imp type. Carrier and unwanted sideband rejection
min. -40d8 (need 10.69835 & 10 70165 xtals for
USB LS8. NOT SUPPLIED) Size approx. 2 X 1 X

1 E10.00 each.
LOW PASS FILTERS (low imp type). 2-9MHz, small

metal encapsulation, size approx. 11/2 X % X ik
75p each.

CELESTION 8 x 5- ELIPTICAL SPEAKERS, 20 ohm.
3 watts rated. El 50 each + 121/2% VAT

ALL BELOW - ADD 121/2%
VAT

vAR1CAP TUNERS Mullard type ELC1043/ 05. Brand
new E5.00

TV Plugs (metal type), 4 for 50p
3 pin Din Plugs. 4 for 50p
Din 3 -pin Line sockets, 15p each
Din Speaker Skts. 2 -pin. 4 for 30p.
Dub!. Electrolylics. 500 F 450V, 2 for 509.
Dubilier Electrolytics. 1000 F 275V, 2 for 50p.
Plessey Electrolytics. 470y F 63V, 3 for 509.
TCC Electrolytics, 10000 F 30V. 3 for 60p.
Dubilier Electrolytics 50000 F 35V. 50p each.
Dubilier Electrolytics. 50000 F 50V. 60p each.
ITT Electrolytics, 68000 F 25V. high grade. scre.

terminals. with mounting [bpi 50p each.
Resistor PKS approx 300 pieces 1/2 to 2 wart types

mixed $ialues. our selection. El 00 each

A RANGE OF CAPACITORS AVAILABLE AT
BARGAIN PRICES. SAE FOR LIST.

NEW FROM BI -KITS!
AL120 AUDIO AMPLIFIER

(WITH INTEGRAL HEAT SINK)

BETTER THAN 50w R MS!
Out Power THD 1% 50 watts mm
Supply Voltage Max. 70 volts
Operating voltage range 50-70
Load 8-16ohms
Frequency Response ± 1 db 25Hz-20kHz
Sensitivity for 50 watts into 8 ohms 500 mV
Input Impedance 35kohms
THD at all power levels up to clipping .05% max. typically 02"
S / N ratio 100dBs
Max. ambient operational temp. 45 deg. C
S/C Complement 13 transistors 3 diodes
Size overall 192 x 89 x 40 mm
Weight 240 erns

FOR ONLY

£11.95
- H VA1 Pr,f) P&P

ALSO S P M 1 20 Stabilised Power Supply
AVAILABLE IN THREE ALTERNATIVE VOLTAGES - 45 55 65 volts.

TO POWER THE FOLLOWING BI-PAK AMPLIFIERS:
SPM 120/45 Two AL6Os up to 25w per channel simultaneously £4.95 + 121/2% VAT
SPM 120/55 Two AL8Os up to 35w per channel simultaneously £4.95 + 121/2% VAT
SPM 120/65 Two AL 120s up to 50w per channel simultaneously £5.95 + 121/2% VAT
SPM 120/65 One AL250 up to 125w £5.95 + 121/2% VAT. Please add 25p P&P to all orders

AC INPUT:
AL 120/45 40-48v SAL 120 /55 50-55v  AL 120, 65 60-65v  OUTPUT CURRENT 2.5A CRIPPLE @ 1A 100mV 2A 150mV

USE YOUR SPM 120 WITH ANY OF THESE!
AL 60. 25w (RMS) AMPLIFIER £4.55 + 121/2% VAT 25p P&P
AL 80. 35w (RMS) AMPLIFIER £7.15 + 8% VAT 25p P&P
AL 250. 125w (RMS) AMPLIFIER £17.25 + 8% VAT 40p P&P
PA200. Pre -amplifier for use with all the above modules £16.30

+ 121/2% VAT 40p P&P

I-PAK
DEPT. ETI.8, P.O. Box 6, Ware, Herts.
COMPONENTS SHOP: 18 BALDOCK

STREET, WARE, HERTS.
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Constant Current Source

J Macaulay

The circuit shown will provide 3 pre-
set currents which will remain con-
stant despite variations of ambient
temperature or line voltage.

ZD 1 produces a temperature stable
reference voltage which is applied to
the non inverting input of IC1.

100% DC feedback is applied from
the output to the inverting input
holding the voltage at Q2s emitter at
the same potential as the non inver-
ting input.

The current flowing into the load
therefore is defined solely by the re-
sistor selected by Si. With the values
employed here, a preset current of
10mA, 100mA or 1A can be selected.
Q2 should be mounted on a suitable
heatsink.

Readers' Circuits

Pt3 R4
5R6

11/if 10VV
OV

Q
TEST

ZENER

Zener Tester
+30V M Ibions

NOTE:
IC1 IS 741

LED1
OV

This circuit is to provide a cheap and
reliable method of testing zener
diodes.

RV1 can be calibrated in volts, so
that when LED 1 just lights, the vol-
tage on pins 2 & 3 are nearly equal.
Hence the zener voltage can be read
directly from the setting of RV1.

The supply need only be as high a
value as the zener itself. For a more
accurate measurement, a precision
pot could be added and calibrated.

Simple Dual Power Supply
L Swann

This circuit offers a cheap and simple
way of obtaining a split power supply
(for Op -amps etc.), utilising the
quasi -complementary output stage of
the popular LM380 audio power IC.

The device is internally biased so
that with no input the output is held
mid -way between the supply rails.

R1, which should be initially set to
mid -travel, is used to nullify any imba-
lance in the output. Regulation of VouT
depends upon the circuit feeding the
LM380, but the positive and negative
outputs will track accurately irrespec-
tive of input regulation and unba-
lanced loads.

The free -air dissipation is a little

over 1 watt, and so extra cooling may
be required. The device is fully pro-
tected and will go into thermal shut-
down if its rated dissipation is ex -

+V IN
2

V OUT

-V IN
2

limiting occurs if the
output current exceeds 1A3.

The input voltage should not ex-
ceed 20 V.

ceeded, current
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OFFER EXTENDED

ONLY is 9.95
TO AUG.

31st

INC_VAT
AND
POST FREE

FOR THIS MARK 2 VERSION OF
ETI's BRILLIANT CAR IGNITION UNIT

E.T.I. APPROVED FOR
USE WITH NORMAL
IGNITION SYSTEMS

REVERT TO NORMAL

SWITCH OArsi
ND BA Es HM BOOUANRT DE D

NO MORE BURNT CONTACT
POINTS
REV LIMITER

\ NEON LIGHT INDICATOR

NEG EARTH

Stirlin

The best value ever - so why pay more?
Because of the outstanding success of this ETI /STIRLING SOUND
project. we are extending this exclusive offer to ETI readers until
August 31 next. This gives you the chance to fit your ETI ignition unit
during the longer hours of daylight and in time for your holidays. It
gives us the opportunity to keep our factory going at full capacity over
what is usually a quiet period. This is beneficial all round - to you, to

our staff, to our suppliers of material and so on (not forgetting the tax
man!). And in case you need reminding, the Stirling Sound ETI Mk. 2
electronic ignition unit can give you better mileage per gallon of
petrol, easier starting in Winter, cleaner plugs and an end to burnt
contact points plus instant switching back to normal ignition if required

- in fact, it's an investment in better motoring you cannot afford to
ignore. And it's so easy to fit. too!

PRICES INC. VAT & POST FREE IN U.K.
To order send cheque or money order crossed and made payable to
Stirling Sound. (Cash must be sent by regd. post only). Allow 28 I
days delivery. For which I enclose £ + 20p

TO ORDER BY ACCESS OR BARCLAYCARD JUST LET US I Name

KNOW YOUR NUMBER.

All communications to Dept E1-18
37 Vanguard Way, Shoeburyness, Essex (03708) 5543 Shop 222/224 West Road, VVestcld f -on-Sea

STRATHAND
SECURITY

Holidays coming? Worried about your house? Why not fit an alarm
and have a relaxed holiday. We supply the parts - all top quality
professional items as used by major alarm companies. Easy to

install, e.g.

101. Magnet and reed switch. Flush fitting. 4 wire. Requires hole 12mm diameter by

34mm deep
80p

102. Magnet and reed switch. Flush fitting screw terminals. Requires hole 15mm

diameter by 14mm deep E1.05
103. Magnet and reed switch. Surface fitting. 4 wire. Size 65mm by 13mm by 11 mm

90p
104. Magnet and reed switch. Heavy duty. Size 103mm by 20mm by 18mm. Two hole

fixing
£3.00

105 Pressure pad - stair tread 221/2.. by 61/2.- E1.35

106. Pressure pad - large 291/2.. by 15.. £2.05
107. Window foil - self adhesive - top quality. 70' roll V. wide £3.17
108.Foil blocks - self adhesive. (Joins foil to cable) £3.70

110 Keyswitches with mounting plate and cover £3.70

111 Bell boxes heavy duty plastic coated metal E8.05

112 Bell 6 heavy duty - very loud 12v. D.C. E10.25

116 4 core cable 100m - white ........ . . . .
E10.75

123. Control panel to British Standard. Mains/ battery. silent entry/exit. Anti -false

alarm circuitry . . £48.40

All prices include VAT and postage

PLUS
Radar (microwave) units, automatic 999 dailling units with tape message, and many

other items.
This month's Special Offer:
Completely self-contained Smoke Detector for house or caravan. loud penetrating
sounder. Battery included. Our Price while stocks last - E19.95 including VAT and P&P.

STRATHAND SECURITY
44 St. Andrew's Square

Glasgow, G1
Tel: 041-552 6731 /2

Callers Welcome

Address'

IBLOCK LETTERS PLEASE

Easy to build complete kit inc. drilled and titled P.C.B
aluminium case, leads, etc., and simple instructions

Complete kit as recommended -by
(May 78). Inc. VAT and post freeU.K E9.95KIT

(After Aug. 31st E12.75)
BUILT AND TESTED inc. VAT post free U K. £12.75

(AfterAug. 31st, £15)

The BETTER catalogue
Modules - power amps 3 to 100 watts R.M.S., power supplies.
control units, etc. - D.I.Y. disco/P.A. - bargain disco assemblies -
plenty to choose from with technical gen. diagrams and good
instructions. Send only 20p for postage and handling for your copy by

return. You can't be without iti

r YOUR MONEY -SAVING COUPON
ETI'sPleasesend Mk. 2 Kit/ Ready -built and Catalogue I

ETl8J

Don't let your environment dehydrate you, BUY OUR "HONEYWELL HUMIDITY
CONTROLLER". Membrane actuated, adjustable by V. shaft. Ideal for greenhouses.
offices, centrally heated homes, etc. 3.75A contacts at 250V. Build Humidifiers or
dehydration alarms with this novel gadget at a fraction of original cost. £1 each, 3 for

BARGAIN PACKS
Miniature transformer F.M. front-end with 100k vancap pots, can be banked side by

integral tuning gang 88-108MHz,
10.7MHz, I.F. output £2.50
Miniature Vernitron FM4 10 7MHz
ceramic filters .

50p each, 3 for £1
Crystal earpieces with lead .....

40p each 3 for El
Magnetic earpieces with lead and plug

25p each 5 for £1
Ultrasonic transducers transmitter and
receiver, 14mm diem 40 kcs

£4.25 per pair
4 aluminium boxes 128 x 44 x 38mm,
ideal for signal injectors, etc. . £1.00
Self -fluxing enamelled copper wire 22
swg on 2oz. reels 60p ea.
100 miniature reed switches, ideal for
burglar alarms. model railways, etc.

E3 30
6 6 -pole 12 volt reed relays on board

£2.45
High quality computer panels smothered45

in top -grade components:
5lbs. £4.75
10lbs. £8.95

New U H F. transistor TV tuners. Rotary
type with slow motion drive . £2.50

Aluminium TV cook plugs 10 tor £1.00.
Miniature mains transformers, fully
shrouded, en new equipment 240V in
6-0-6v out at 100 mA Complete with
mains lead and plug on input and short
leads on output 90p
Miniature edgewise panel mounting level
meters 2000A F.S.D. 90p
IOU mixed resistors '/z &'/. watt (1.50
3U0 modern mixed caps most types

E3 30
100 mixed electrolytics £2.20
300 mixed printed circuit components

£1.50
300 mixed printed circuit resistors £1.00
100 high -wattage resistors, W W.. etc.

E2.20
20 assorted VDR's and thermistors -

El .20
25 assorted presets, skeleton, etc. £1.20
25 assorted pots and presets . £1.50.
470 0 F 25v radial. modern type 5 for £1
200 mixed 1- and 2 -watt resistors £1.50,
100k sliders, mono or stereo

50p each 3 for £1

very compact 5 for f1
160 0 F 25v axial leads . . 10 for £1,
300 mixed modern caps, most types

E3.30
100 mixed modern rimruature ceramic
and plate caps El. 20

Semiconductor Bargains
100 new and marked silicon and
germanium transistors including BC148,
13F194. BC183, etc. E3.95
200 new and marked transistors including
2N3055. AC128, 13FY50. BD131, etc.

£6.95
100 mixed diodes IN4148, etc. £1.20
100 mixed diodes including zener, power
and bridge types £3.30
BR 101 full spec. 5 for £1 .00
ITT 25kV ctv eht triplers for Decca "Brad-
ford.' chassis brand new £2 50, 5 for E10
BD131 3 for El 00
SN76115N (equivalent MC1310) £1.00
TBA120A 2 for £1.00
BD140 3 for £1.00
Motorola Audio I.C., 1 watt -F into 8-
160. Operates between 9-16v. 10-
400MV sensitivity. S.C. proof, no heat -
sink req With data and circuits £1.20
Data and circuits 20p + S.A.E

Deluxe Fibre Glass Printed
Circuit Etching Kits

Includes 150 sq ins. copper clad f /g
board, 11b. ferric chloride. 1 dalo etch
resist pen, abrasive cleaner. 2 mini drill
bits, etch tray and instructions

Only £5.30

150 sq. ins. fibre glass board . £2.00
Dalo pen 90p
11b. ferric chloride to mil spec . El .25
5lbs. ferric chloride to mil spec. £5.00
Instruction sheet 20p

30p P.&P. ON ALL ABOVE ITEMS. SEND
CHEQUE OR POSTAL ORDER WITH
ORDER TO. SENTINEL SUPPLY DEPT

ETI, 149A BROOKMILL ROAD
DEPTFORD, LONDON. SE8

Callers by appointment only
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Wilmslow
Audio

THE firm for speakers!
Send 15p stamp for the world's best catalogue of
Speakers, Drive Units, Kits, Crossovers, etc., and

discount price list

ATC  AUDAX  BAKER  BOWERS & WILKINS
 CASTLE  CELESTION  CHARTWELL 

COLES  DALESFORD  DECCA  EMI  EAGLE
 ELAC  FANE  GAUSS  GOODMANS 

HELME  I.M.F.  ISOPHON  JR  JORDAN
WATTS  KEF  LEAK  LOWTHER 

McKENZIE  MONITOR AUDIO  PEERLESS 
RADFORD  RAM  RICHARD ALLAN  SEAS 

TANNOY  VIDEOTONE  WHARFEDALE

WILMSLOW AUDIO Dept. ETI
SWAN WORKS, BANK SQUARE, WILMSLOW,

CHESHIRE, SK9 1HF
Discount HiFi, etc., at 5 Swan Street and 10 Swan

Street
TEL: WILMSLOW 29599 FOR SPEAKERS

WILMSLOW 26213 FOR HIFI

24 HR. CLOCK/APPLIANCE TIMER KIT
Switches any appliance of up to 1KW on and
off at preset times once a day. KIT contains
AY -5.1230 Clock /Appliance Timer IC. 0.5"
LED display, mains supply, display drivers.
switches, LEDs. triac, complete with PCB and
full instructions. £13.75
Special white box (56 x 131 x 71 mm) with red
Acrylic window - undrilled £2.20

ready drilled for kit £2.50

TOUCH CONTROLLED LIGHTING KITS_
These KITS replace conventional light switches and control 300W of lighting. No mains
rewiring required. Insulated touch plates. Complete with easy to follow instructions
TSD300K TOUCHSWITCH and DIMMER combined ONE touchplate to switch light on
or off Brightness controlled by small knob. E5.20
TS300K - TOUCHSWITCH. TWO touch plates. One for ON. one for OFF. £4.00
TSA300K - AUTOMATIC TOUCHSWITCH. ONE touch plate. Touch for ON and light
stays on for preset time (variable from 2 secs to 31/2 mins.). Ideal for stairs and hall
E4.00

10300K - 300W LIGHT DIMMER KIT. Replaces conventional light switches E2.80

AY -5-1230 Clock Appliance Timer I C E4.85
111.013911 Thermometer/Temperature Control
I.C. (with data) £1.00
NE555 Timer I C 8 pin dil 38p (3 for £1 00) 
741 Op. Amp I.C. 8 pin dil 24p (5 for £1.00)

TRIAC BARGAINS
400V Plastic isolated

3A 63p
6.5A with trigger" 80p
8.5A- 79p
12A16084p5

20A
1 p

A 165p
25A 190p
DIAC 21p
C106D 5A/400V SCR 50p

MINI MAINS
TRANSFORMERS .

BC147 8p* BEY50, 15p - 2N6027 PUT 34p
BC148 8p' 2N305540p TIS43 WY 24p
BC158 10p* TIP31A 50p 1N4148 413*
BC182L 8p TI P32 50p 1N4004 4P

CMOS LOW PRICES.
4000 18p 4012 18p 4023 18p 4077 45p.
4001 18p 4013 51P 4025 18p 4501 20p
4002 18p 4015 91P 4040 97p 45101509
4007 18p 4016 51p 4049 50p 4516 1509
4011 18p 4017 91p ,;''. , 50p 4519 56o

-6-0 6V 100mA 859"
12-0-12V 100mA 95p"

OPTO ELECTRONICS c280 Polyste Capacitors 250V d c (values in uF)
01 4p; .022 .033, .047, .068 5p*; 0.1 op% .15
7p'; 22 8p*; 33. 11p*; .47 12p";- 68 17p'; 1.0
20p'; 2.2 311p'
RESISTORS .33W 5% 22ohm to 10Mohm 1 1/2p*
Push Button, push to make 20p'

.

0 2" Red L E D 10p
0.2" Green LE L) 21p
0.2" Yellow L.E.D 25p
DL727 Dual 0.5" Display E1.50

QUANTITY DISCOUNTS ON REQUEST
Add 8% ('121/2%) VAT plus 25p P&P MAIL ORDER ONLY TO

T.K. ELECTRONICS. (ETI)
106 STUDLEY GRANGE ROAD, LONDON, W7 2LX

1N4148 Diodes by ITT/Texas. 100 for
£1.50. These are full spec. devices.
Unencoded Hexadecimal 19 keyboard
1-10 ABCDEF. 2 optional keys. Shift key.
£12.50.
MM2102 AN -4L. 1024 x 1 Bit. 450 nano
sec. Static Ram. £1.60 each. 4/£6.00.
8/£11.60.
2112 256 x 4 Bit Static Ram 45U nanosec. £2.95
each. 4, E11.60. 81E22.50.

AY5-1013 UAR /T. £6.00.
FND 500 Seven Segment Common
Cathode Display. £1.30 each. 4/£5.00.
Red Leds 0.125" or 0.2". 10 for £1.20.
100/£9.00.1.000/£60.00.

Murata Ultrasonic Transducer. £2.50
each. £4.00 pair.

741 Op Amp. 25p each. 10/U.00.

555 Timer. 28p each. 10/£2.50.

4001 14p 4029 110p
4007 16p 4047 100p
4011 14p 4049 40p
4012 14p 4060 120p
4013 50p 4066 55p
4015 90p 4069 20p
4016 40p 4071 16p
4017 90p 4072 16p
4020 100p 4081 16p
4022 90p 4082 16p
4023 16p 4510 120p
4024 65p 4511 150p
4025 16p 4516 110p
4026 160p 4518 130p
4027 50p 4528 100p
4028 90p

Prices include Post and VAT

T. POWELL
Access
Barclaycard

306 ST PAUL'S ROAD
HIGHBURY CORNER, LONDON N.1
Tel 01-226 1489

SAVE £££s
WITH MONITEL

Displays the accumulating cost
of your telephone conversation

See your money ticking away day or night, local or long
distance

Winkel is programmed by a punched card to calculate
the exact cost of your call, including VAT, for all three
Post Office charge bands and adjusts itself to peak.
standard and cheap rate periods, including weekends_
International Monitel covers all UK and international
9harge bands.
When not in use as a charge calculator the Monitel
becomes an accurate digital desk clock - no need to
dial TIM!
A touch of a button will recall the cost at any time before
your next call. Styled to match, the Monitel sits
unobtrusively under the standard P.O. telephone and is
available in all seven matching colours.
UK Model E28.95
International Model £38.50

Please state colour when ordering
Quantity discounts available
Prices include VAT and P & P

For high -quality electronic watches and calculators at
substantially discounted prices, see our separate
advertisement.

Send cheque, P.O. or phone your credit card no. to

TEMPUS
Dept. ETI
19/21 Fitzroy Street
Cambridge C111 'EH
Telephone (0223) 312859.1

1 -N -T -E -R -L -0 -C -K -I -N -G
I PLASTIC STORAGE DRAWERS

Pro 0
REZT

DISCOUNT

PRICES
Newest neatestdev61288ised feveror storing small I s

ALL MMUS=
systems

parts and components

Iresistors
capacitors diodes transistors etc Rigid plastic units

nterlock together in vertical and horizontal combinations
Transparent plastic drawers have label slots 10 and 2D have space
dividers Build up to any size cabinet for wall, bench or table top

77m1"1
di-'-'-''---------- 41
id]

----
11F,1

lill

AS SUPPIJEO TO POST OFFICE

MOUSTIO ANO GOVERNMENT OEPTS.

SINGLE UNITS (101
15in x 2.4 in E2.90 DOZEN
DOUBLE UNITS (2D)

T
I_SREBLEina 41/2(30)in ir ',yal) E4.90 DOZEN

E4.90 to.
DOUBLE TREBLE 2 drawers in one outer casc
(6021
E7.25 for
EXTRA LARGE SIZE (601)
E6.25 for 13

PLUS QUANTITY DISCOUNTS
Orders over l:20 less 51i.
Orders over T60. less 71/2%
PACKING POSTAGE /CARRIAGE Add Cl 00 to all orders under
010 Orders 1:10 and over please add 10% carriage

QUOTATIONS FOR LARGER QUANTITIES
Please add V.A.T. to total remittance

All prices correct al lime of going to press

MOUNT?
OR TRRIL in/

Modern shrn-line power panel countless uses in borne office
factory showrooms Perfectly sale unbeatable Can be mounted
on wall or trailed anywhere in room. Neat rubber base Sniart

I outer cover Slack E2.90. White E3.25, P&P 600 each
f able length required 20p per yard

FLAIRLINE SUPPLIES (Dept. ETI ts)
124 Cricklewood Broadway, London N.W.2

Telephone 01-450 4844
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SECOND GENERATION

INDUCTION
BALANCE

METAL
DETECTOR

DESIGNED SPECIALLY
FOR THE HOME
CONSTRUCTOR

EASY
TO

BUILD

EASY
TO

 A second generation Induction Balance
system with improved Variable -Tone de-
tection.

 Designed by professionals for easy
assembly by amateurs but with very good
performance.

 The search coils are fully assembled and
adjusted for you.

 Coils pre -assembled and tested wedge
shaped search field

Uses include:

* Treasure hunting - it's amazing what you
can find in the garden or on the beach.

* Finding lost metallic items.

* Locating waterpipes and cables under
floorboards on in walls.

* Checking old timber for nails before cut-
ting. etc.. etc.. etc.. etc.

KIT - COMPLETE WITH PRE -
ASSEMBLED SEARCH COILS

£16.50
Plus E1-001A,p Plus E1-32 VAT

ASSEMBLED & TESTED

£22.50
Plus £.1-00138,13 Plus £1-80 VAT

Communication Measurement Ltd
15 MALLINSON OVAL. HARROGATE YORKS

LCD PORTABLE

CLOCK/RADIO

ALARM

as:. 5 mattes 5 es tee
ea K oix ast roe

,  S

This stylish 63/4 x 13/4- x 31/2.. unit
features an AM /FM radio and a highly
accurate LCD clock which controls the unit
so that it can operate as an alarm clock
with 4 -minute snooze, or you can wake up
to your favourite programme. It can also
turn the radio off when you go to sleep!

£27.00 + E.1 p. & p.
inc. V.A.T.

We accept govt. /company purchase orders on all goods

KRAMER & CO.
9 October Place, Holders Hill Road

London, NW 14 1 EJ

Telex: 81111141. ATTN. KRAMER, 67. Tel. 01-203 2473
MAIL ORDER ONLY. S.A.E.for data sheets

Export enquiries welcome

PRICE SMASH
741 (RCA 8 DIL full spec), 17p.
LM711CH + Data (to5, voltage compa-
rator), 25p. TBA 810S 65p.

Penny and Giles, 5k Slider Faders, £4.50.
Signetics 21026 (500s) 1.20 2708,
£8. Cannon D type plugs/skts 25 -way
skit.. 60p. 37 -way plug or skt, 80p.
15 -way plug or skt, 50p. Lambda LX
S-A-5-0V-RV1, modular regulated, power
supply 5v DC 4 amps, 240V input, brand
new, cased, 160 mmL x 90 mm WX
80mmH, £15. TMS3128NC (shift reg.),
80p. SN74188AN (few only), £2.50.
MC10102P, 25p; MM5241ABV/J,
£2.50. DIL switches, 4 -way, 55p. 7 -way,
80p. Red Led .2 9p. LM340T plastic
lA voltage regulators, +5V, 95p + 12v,
85p.

P&P on above 1 Op

POCKET PAGER
Miniature crystal controlled FM RX Single
Superhet around 30MHZ 450 KHZ IF
contains various tone detectors. Ideal for
modification to 27 MHZ Radio Control OR
28MHZ Amateur Band. Complete, with-
out 2.5v DEAC + circuit of similar type,
£3.95. P&P 25p.

L.B. ELECTRONICS
43 WESTAC017, HAYES

MIDDLESEX UB4 8AH

SEMICONDUCTOR
OFFERS

ALL FULL SPEC.

BC212.13C182. BC237. 8E197. 8C159. BCY71, all 8p each. RCA
2015 T03 Power Transistor (Sim to 2N3055) 35p ACY18 18P
8E200 20p. Motorola MRD 3051 Photo Transistors 355. N
Channel F E Ts similar to 2N3819 18p Mofset Sim to 40673
35p 3N140 Mosiets 50p M203 Dual Matched Pairs Mosfets
Single Gate per F E T 40p. Intel 1024 bit MOS Rams 95p Mullard
86113 Triple Vencap Diode 35p MC1310 Stereo Decoder I C s

Ti 20. TBA800 I.C. Amps 90p. CD4051 CMOS 50p 741 8 -pin
DIL. 23p 500v 600mA Bridge Recs. (en. equip. 125p. 154002
100v 1A Diodes 4p 14005 800v 1A Diodes 7p E H T SIL Rey
15Kv 2 5rriA. 15mrn a 5mm 85p 7812 I2v 1A Plastic V Rees
95p MM Nimes ITT 5870S) 13 x 6mm Fig Size 85 tames ITT
GN / 9A 13 a 8mm 65p 0.2 or 0.125 Red LEDs 12p each
MAN3A 3mns LED Displays 50p Murata 4OKHz transducers
15mm diam. E2.95 pair NE555 35p 741$ (wide bandwidth)
35p LM380 805 LM381 90p ZN414 75p

CONDENSER MIKES. EM506 Condenser Mikes. Uni- directio-
nal. F E T Amp Dual imped.. 505/600ohms. 30-18KHz, on /oft
switch. E11.00 Miniature Tie Pin Condenser mike 11( imp
omni-direchonal. uses hearing aid battery (supplied) E4 95.

MICROPHONES. Grundig Electret Inserts with built-in F E T
Preamp El 50 Crystal Mike Inserts 37mm 45p Electret
Condenser Mikes I KO Imp with std. Jack Plug £2.85.Cassette
Condenser Mikes with 2 5 and 3 5 Jack Plugs E2.85.Standard
Cassette Mikes 200 ohm Imped with 2.5 end 3.5 Jack Plugs
El 20 Mm E H T Sil Recs. 115KV 2 5MA 30p

MORSE KEYS -Ho -speed Type. all metal. E2.25 Belling Lee
L4305 Masthead Amplifiers and 240, AC power unit Group "A
UHF Only E7 50.

CRYSTALS. 300KHz HC6U 40p 4 43MHz C.T.V. Xtals 45p
0 I Edge Connectors. 64 way 65p 32 way 40p

RELAYS. Min. 220v AC Sealed Relay 2 pole C/O 45p 240v AC
Sealed Relay 3 pole C/O 5 amp Contacts 11 -pin base 80p. 12 volt
4 pole N 0 Reed Relay 20p. Min 240v DC Sealed 2 -pole C/O
relays 3 -amp contacts New 55p.

MOTORS. 1 5 to 6v DC Model 20p. 115v AC min. 3 R P M. with
Gearbox 300 240v AC Synch Motor 1/ 5th R P M 65p 240v AC
Synch Motor 1 /24th R P M 65p. Crouzet 115v AC 4 R P M
Motors. new 95p. 12v DC 5 -pole 35p

B OXES. Black A B S Plestic with brass inserts and lid 75 x 56 x
35mm 40p 95 a 71  35rnm 49p 115 x 95 x 16mm 5717

TOOLS. Radio pliers. 5in, insulated handles Cl 40. Diagonal side
cutlers. 5in insulated handles E1 40

TRANSFORMERS. -6-0-6a 10OrnA. 9-0.9v 75mA, 12-0-12v
50mA 75p each 12-0-12v 100mA 95p 1 1 Tn. Xenon Pulse
Transformer 30p

TIL.305 Alpha -numerical Displays. with data. E2.75.
WAY RIBBON -CABLE, min solid core. 15p metre.

SWITCHES -Min Toggle, SPST 8 a 5 a 7mm 45p DPDT 8 x 7
7mm 60p DPDT Centre Off 12 a 11 a 9rnm 75p DPDT C/O
Sliders 20p R S Single Pole C/ 0 Push Buttons 45p Roller Micro
Switches 15p Mm Micro Switches 13 a 10 x 4mm 20p G.P
Keyswitch Assy. 3 Switches 2-3 way. 1-2 way rnultipole 35p Mm.
Push to make or push to break Switches 16 a 6mm 15p

SOLDER SUCKER. Plunger type. eye protection, replaceable
nozzle, high suction. E4 95 Reed switches 28mm norm open, 6p
each

TAPE HEADS -Cassette Stereo £3 00 BSR MN 1330 Vz Track
Dual Impedance Rec / Playback 50p. BSR SRP90 % Track Stereo
Rec /Playback El 95 TD1O Assemblies, two heads 'A Track
Rey /Playback Staggered Stereo with builtin erase per head
El 20 Tape Head Demag 240v AC £1 95

B UZZERS -GPO Type 6-I2v 20p Mm Solid State Buzzers
6.9.12 or 24v 15mA 75p. All Metal Buzzer, 30mm diem. 6-12
volts. high tone, 25p

U.H.F TV Transistorised Push Button Tuners (not Wiretap>, new
and boxed. E2 50

AEROSOL "TOUCH-UP" PAINT. One colour only. yellow/
Grey 6oz can. 35p

METERS -Stereo Tuning Meters 100..8 per movement E2.75
Grundog Batt. Level Meter lrnA 40 x 40mm E1.10 Min Level
Meter 2005a 25 a 1 5rnm 75p. Ferranti 600v AC Meter E3.95.

POT CORE UNIT. Has 6 -pot cores, including 1 FX2243 (45rnrn)
and 2 FX2242 (35rnm). 3 20mm Panel Fuseholders. 3 T03 SIC
Power Transistors on heat sink. panel with venous transistors and
diodes with a S -amp plastic S C R New El 75+75p P&P

AEROSOLS -Servo.' Switch Cleaner + Lubricant Boos 55p
Freezer 6ozs 50p Geer Cleaner & Tar Remover 14ozs 85p

SOLENOIDS -240v AC 45p I 2v DC H Duty 75p

12 -WAY MOTORISED CAM UNITS. 50v AC low rev motor
driving 12 C/ 0 micro switches, supplied with a capacitor for 240v
AC use Ex equip. EL 95 + 35p P&P

POSTAGE 30p UNLESS OTHERWISE SHOWN (EXCESS
POSTAGE REFUNDED WITH ORDER) OVERSEAS POST AT
COST VAT INCLUDED IN ALL PRICES.

S A E FOR LISTS

ORDER ADDRESS

PROGRESSIVE RADIO
31 CHEAPSIDE, LIVERPOOL 2

051-236 0982
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MORE BARGAINS FROM METAC
TV GAMES 4 game B&W

TV GAMES 4 game Colour

(Suit any TV Fully guaranteed)

£9.95
£13.50

7 FUNCTION LCD

ALARM WATCH ONLY

£29.95

NEW DIGITAL ALARM CLOCK
SILENT - ELECTRONIC Model 102

*4in. across x 41/2 x 2in.
* Large red digits
* 24 -hour alarm
*9 min. repetition
* Switched seconds display
IMMEDIATE DELIVERY

£8.95

* SPECIAL OFFER *
5 FUNCTION LCD

WATCH (same as ETI
offer)

ONLY £9.95
Post included

1 year guarantee

Sinclair Programmable Scient,f,-
Calculator + Free Library

£12.95
Full range of Ladies LCD Watches
from

£18.95
11 FUNCTION CHROME LCD.
Screwback. superb strap, fully
guaranteed

£17.95

LCD ALARM CLOCK
BATTERY OPERATED

LARGE DISPLAY

* Alarm
* Snooze
* Back light
* Travel

pouch

Offer £17.95

Ill
0000

LCD CALCULATOR
6 functions + case

ONLY £8.95

NEW METAL DETECTOR

ROLLMAST ALERT

£39.95
Features include

£39.95
INC BAT. BATTERY & EARPIECE

Features: Loudspeaker. Visual Meter, Volume & Tuning
Control. 7 White Search Head. Long Battery Life (PP3)
Headphone Socket (Phones optional). Reacts negatively
to ferrous metal (iron). fully adjustable stem

Please add 30p
P&P all orders

All prices include
VAT

ALSO AT £12.95
STANDARD VERSION ...
* BFO PRINCIPAL
* 5 DEPTH
* 36 STEM ADJUSTABLE
* SINGLE PP3 BATTERY

METAC
67 HIGH STREET
DAVENTRY, NORTHANTS
Tel. (032 72) 76545

Electronics & Time Centre
327 EDGWARE ROAD
LONDON W2
Tel. (01) 723 4753

Barclay & Access
welcome

Send Card Number
with order

BARCLAYCARD

(ANSFORMERS
DUAL VOLTAGE

mary 220-240v 50HZ
;ondary Voltage and Current Available
Parallel Connection. Details Enc.

age Current P/P

12 3A each 4.50 75p
15 2A each 4.40 75p
20 1.5A each 4.35 75p
28 1.1A each 4.30 75p

-20 1A each 4.60 75p
-20 1A each

12 2A each 3.50 70p
15 1.6A each 3.40 70p
20 1.2A each 3.30 70p

6 1.6A each 2.30 65p
12 0.8A each 2.75 65p
15 0.6A each 2.70 65p
17 0.5A each 2.65 65p

1.0A each 2.00 60p
0.6A each 2.05 60p
0.5A each 2.10 60p
0.4A each 2.15 60p
0.25 each 2.20 60p

0.65A each 1.85 50p
0.3A each 1.80 50p

0.25A each 1.75 50p

1A 2.95 70p
2A 4.70 1.00
3A 5.60 1.00
2A 4.80 1.00

PAYMENT TERMS
7.W.O. Cheques
ostal Orders
ease Add 8% VAT
er Post & Packing

DnrAm
SEE THE EXTENDED RANGE OF

TRANSFORMERS IN OUR
NEW EDITION 5 CATALOGUE

Please forward my edition 5 catalogue
I enclose 75p which covers P. & P.

Nor,,e

A.1(ireY,

ET2

I'NM pDoorBaronxLTILR,c8trciirE:eicd.ssLLtsd
122uF I

Overseas orders, except for N. Ireland, please add 35p I
to cover despatch by Air.
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MINI -ADS & CLASSIFIED

LOW COST BOXES

AND INSTRUMENT CASES

Aluminium box with lid
and screws

3x2x1 ' 42p
4x3x11/2
4x3x2
6x4x2
6x4x3
8x6x2

49p
56p
62p
72p
97p

1.08p

2 Section case. Black pvc
coated top and aluminium

: . base. .

L W H

6x4V/it2
.151t4X3Y2

8x51/2x2V2
10x61/2x3

all prices incl. p&p

Price
E1.25
£1.37
E1.50
E1.95

Sheet aluminium standard and cut to size. self -tapping
screws, nuts bolts and washers. Pamphlet on our full
range of cases supplied with every order or send a
stamped sell addressed envelope to HARRISON
BROS., P.O. Box 55, Westcliff-on-Sea, Essex,
Manufacturing service of sheet metal parts for trade
send drawing and s s a e for quotation

-73111WITVI
CIRCUITS

and

HARDWARE
Comprehensive range Constructors. Hardware
and accessories.

Selectgri range of popular cgmponents.
Full range of ETI printed circuit boards,
normally ex -stock, same day despatch at
competitive prices.
P.C. Boards to individual designs.
Resist -coated epoxy glass laminate for the

man with full processing instructions (no
unusual chemicals required).

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

TRANSFORMERS

Twin Primaries 115/230V
Twin Isolated Secondaries
0-4.5-0-4.5
0-6-0-6 6VA
0-1 5-0-1 5

British made - Great Value

Inc £1.95 IncVATP&P
Try us for all your Component

Requirements

T.D. COMPONENTS
Unit Four, Staincliffe Mills

Dewsbury, W. Yorks.
0924 409040

OUR LATEST
NOVELTY!
The first LCD Ballpen Chronograph. A clip -on
ball point pen with chronograph watch incor-, porated. A useful gift in an attractive presenta

us tion case.

!' Only £29.95 + VAT (in chrome or gilt)
F0

7..) * 6 Digit display
* 8 functions hour, minute. second, month

date, day of week, stop watch, lap time with
backlight

* runs on Ever -ready 393, or equivalent
battery (year's life under typical use)

* accurate to 5 seconds a month
* simple to use
* with 12 month guarantee.

Contact KRAMER & CO. for details

WE SUPPLY ALL SEIKO WATCHES

We accept govt company purchase orders nn
all goods

KRAMER & CO.
9 October Place, Holders Hill Road

London NW14 1 EJ
Telex 888941 Attn Kramer K7

Tel: 01-203 2473
Mail order only SAE for data sheets

Export enquiries selcome

LOW-PRICE
CALCULATORS

TEXAS
TI -45 Logs: Trig; 1 memory £23.50
SR -51-11I Prog-20 steps; Hyperbolic: Reel/

Polar; Conversion; Statistics; 10 Memories
£31.75

T1-57 Prog-50 steps: Logs: Trig: Statistics; 8
memories £31.75

TI -58 Prog-480 steps or 60 mems; software
module of 25 progs £78.50

TI -59 Prog-960 steps or 100 mems; software
module; mag card prog £215.45

PC -100A Mains printer unit for TI -58/ 59.
Alphanumeric: data plotting . . £170.75

* All prices include VAT and postage
* Calculators complete with AC Adaptor/

Charger
MAIL ORDER ONLY

SKAD ELECTRONICS
12 Chalgrove End, Stoke Mandeville

Aylesbury, Bucks.

E SK AD
epxthtoxirz

B.A... ,

is,

*...c...o

Available for all ETI projects
from day one of ET!, 'phone

your order

SPECIAL OFFER-Single
sided Pax PCB mat, four off,
4,,i" x 61/2", 99p all up

il

LIMITED
35
MIDDLESEX

T-..

..-

GROSVENOR

...,_.-

r
CTRONICS

1.

TW1

Urn

ROAD, TWICKENHAM
4AD Tel:01-891 1923

NOW!
11 Mirco projects
for you to build in
our new micro box

* M.W. Receiver * Signal Injector

* Ultra Sonic Tx * F.M. Tx
* Heads or Tails * Plant Moisture Unit

* Electro Magnet * Insect Repeller

* Metronome * Hunt the Bleep

All these great micro projects will, in-
cluding batteries into our 60x40x15mm
box (you can fit two in this advert).

Just 75p brings all 11 circuits, a Micro
Box and a £1 voucher for our lists.

Send to

M. D. MARKETING
P.O. Box 4, Hinckley, Leicestershire

SPECIAL OFFER
If you can buy the same for less, we
will refund the difference. Brand new
and full specification pots, trans-
formers, switches, linears, TTL,
CMOS, transistors, opto electronics
and other semiconductors. Send large
SAE for catalogue.

DELTA TECH (E) & CO.
62 NAYLOR ROAD
LONDON N20 OHN

HEXADECIMAL KEYBOARD. High
quality keys on fibreglass board, TTL encoded
with strobe, £1 7.50 inc. Individual keys 70p.
2 digit Hex display with latch £9 inc. Sinclair
scientific calculators £3.75 inc. SAE for
details. Mail order only. LINTRONICS, 313
Green Lane, Ilford, Essex.

SOLARTRON CT436 OSCILLOSCOPE,
double beam, DC 6MHZ, 10mv, 240v mains.
Full documentation, Telephone (0793)
37461 (Swindon). Offers around £100.

Please mention ETI when
replying to Adverts

SPECIAL OFFER: If you can buy the same
for less, we will refund the difference. Brand
new and full specification pots, switches,
transformers, linears, TTL, CMOS, transis-
tors, and other semiconductors. Send large
SAE for catalogue. DELTA TECH (6) & CO.,
62 NAYLOR ROAD, LONDON N20.

OPPORTUNITY to take over profitable esta-
blished radio component business due to
retirement. A capital of only £5,000 required
for basic stock. Busy No. London main road.
Box No. 61.

AERIAL BOOSTERS improve weak vhf
radio and television reception, price £4.50,
S.a.e. for leaflets. Electronic Mailorder Ltd.,
Ramsbottom, Bury, Lancs., BL9 9AG.
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THIS SECTION IS A PRE -PAYMENT SERVICE ONLY

MINI -ADS: 31/4" X 21 /8", 1-3 £31, 4-11 £29, 12 or more £28 per insertion. CLASSIFIED DISPLAY:
15p per word. Minimum 25 words. No P.O. Box Numbers can be accepted without full address.

Enquiries to: Advertising Department, 01-437 5982. 25-27 Oxford Street, London W1R 1RF.

DELTA DISTRIBUTION CO.
75 WILLOWTREE AVENUE. GILESOATE MOOR
DURHAM DH1 10Z. Tel: (03E5) 82760 4,61795

TRANSFORMERS (P/ P 35p eseh)

240V 12V (or 643.6) 200mA
220V 12V (or 6-0-6) 200mA
240V 12V. 12V (or 24) both 250mA
240V 12V 2 A
VOLTAGE REGULATORS
LM 342 P-5 +5V 3 pin TO -202 200mA 0.79
LM 342 P-12 + 12V 3 pin TO -202i 200MA 0.79
LM 342 P-24 + 24V 3 pin TO -202-20OrnA 0.79
LM 317 MP Adiustable 3 pin TO -202 500mA 1.48
PCs
LM 555 CN Timer 8 DIL 0.33
LM 741 CN-B Op Amp. 8 DIL 0.27
LM 348N Quad 741 14 DIL 1.13
HEF 4001 P Ouad NOR 14 DIL 0.19
HEF 4011 P Quad NAND 14 DIL 0.19
RESISTORS
1/2 W 100R to 10M 0.02
CSC BREADBOARD AND TEST EQUIPMENT
Experimenter 300 6.20
Experiernenter 600 (accepts wide chips) 6.55
Logic Monitor LMI 28.40
Logic Proble LP I 30.55
Protoboard 6 9.45
Protoboard 100 11,95
Protoboard PB 203A 72.22
Max 100 (Digital Frequency Meter) ... 74.95
VEROSOX
71 x 49 x 19mm - Black

0.98
0,88
1.95
3.95

0.44

Cash /Cheques/ Drafts/ P OS /ACCESS No accepted Telephone
us with your ACCESS No for really fast service.

Post/Packing 25p unless otherwise stated + VAT 8% (except
Export Orders)

TRADE AND EXPORT ENQUIRIES WELCOME. MAIL ORDER
ONLY

SAVE POUNDS on test equipment with
MLC modules and kits. Free data sheets.
MLC(E), 116 College Road, Southwater,
Horsham, Sussex.

PERSONAL COMPUTING MAGAZINES
FOR HOBBYIST AND BUSINESS: Dr.
Dobbs, Personal Computing, Creative Com-
puting, ROM - £1.50 (some back issues -
£1.25). Byte, Interface Age, Kilobaud -
£2.00 (some back issues - £1.50). P&P on
any one MAGAZINE - 45p. Microcom-
puting books also in stock. INTERAM Com-
puter Systems Ltd., 59 Moreton Street,
London, SW1 (01-834 0261/2733).
P.C. BOARD OFFCUTS. No small pieces.
Approx. 400 sq. in. (2lbs.), £1.60 inc. pos-
tage. T.S.E., 6 Ainsworth Road, Swindon
SN3 2DJ
ELECTRONIC KITS. -SAE for new catalo-
gue, and clearance list of obsolete kits.-
AMTRON UK, 7 Hughenden Road, Hastings,
Sx

6800
SINGLE BOARD

COMPUTER
Features crystal controlled V.D.U.,
C.P.U. with memory decoder, CUTS in-
terface 1k user RAM, 1k Mikbug compat-
ible ROM buffered outputs for easy ex-
pansion parallel input.
All you need for a working computer is a
TV, ASCII keyboard, tape recorder and
P.S.U.

£185 + VAT
+ £3.24 postage

Mail order only; sae for leaflet

Write to:
HEWITT ELECTRONICS LTD.

95 Blakelow Road
Macclesfield

Cheshire

MANTELET
GAS MONITOR

KIT
IDEAL FOR BOATS -
CARAVANS - WORK-
SHOPS, ETC. WILL DETECT
MOST INFLAMMABLE
GASES AND VAPOURS.
SENSITIVITY CAN BE SET
FOR VERY SMALL CONCEN-
TRATIONS
Kit includes T.G.S. Head. P.C.B. and all
necessary comps. Construction details
supplied.
Price kit (less case) £12.45 inc. VAT.
Case with punched front plate £3.60 inc.
VAT.

Send S.A.E. for full details to

Mantelet Electronics Ltd.
8 The Square, Horndean, Hants

TRS-80? If you have the machine, we have
the SOFTWARE. BUSINESS/FINANCE/
SCIENTIFIC GAMES, etc. Send SAE for list
to GENERAL SOFTWARE, 15 ROCKWOOD
AVENUE, CREWE CW2 8LU.

PART BUILT 16 CHANNEL E.T.I.
MASTER MIXER, cabinet, pots, 20 meters,
5 band e.g., PCBs, power amp, some wiring,
coils, knobs, plans: NEEDED TO FINISH:
components for 8 pre -amps, 2 mixer PCBs,
input sockets. Materials cost £330 will accept
£260 o.n.o. 76 GEORGE ROAD, NEW
MALDEN, SURREY. 01-942 9034 after
2000 hrs.

MICROCOMPUTER I.C.s. New, 708
EPROM, 1k x 8 450ns, now down to p7.60.
211.02 low power RAM, 1k x 1 450ns,
£1.00. Prices each, inc, postage, etc. A. C.
GIDLOW, 7 Cypress Road, Newport,
Isle of Wight P030 1 EY.

2.4 All UK orders
over £5 post free,

under £5 add 15%
All prices include VAT

BUTTON CELLS
Die.

225mAh 25.0
600mAh 34.5

Hgt.
7 5
100

Price /Cell
0.65
1.15

VENTED CELLS
(tor last change)

0.45 Ah 17.5 28.0
0.5 Ah HP7 or Size "AA
1.2 Ah 22.5 49.0
1.8 Ah HP11 or Size
2.5 Ah 32.5 43.0
4.0 Ah HP2 or Size "D"
10.0 Ah 41.5 90.0
6.0V Pack 5x1.2 Ah nicads

0.95
1.10
1.45
1.95
2.35
2.50
5.00
7.50

Tags available at extra 10p per cell for 1.2 Ah and 1.8
Ah nicads only.
Charger - Suitable for any of the above vented nicads
- charges up to twelve similar cells in series at a 50mA

or 200mA rate £9.95

1 St* Star11.0a

t? OP t.
LTD -

Mail
approx. in mrn

Mail order

Stoneeigt%
ftoed,

CrayhaO,
rod

Esse*

only

01-50
6642

NEW! HOBBY -PACK
STICKIES

Professionals worldwide use STICKIES - for building
and debugging prototypes, faultfinding - even de-
signing PCB layouts.
Now, for amateurs, comes the hobby pack - 120
STICKIES for 80p. Make projects less sweat. more
fun. Why not try a pack?
Just to remind you - STICKIES are self-adhesive
printed labels which immediately identify pin -outs for a
carefully -selected range of 4000- or 7400 -series IC's.
Also 480 -label peek £2.80 (Discounts for quantities)
Prices include VAT. p&p Please state whether TTL or
CMOS required Official orders welcome.

CONCEPT ELECTRONICS
8 Bayham Road, Sevenoaks, Kent 0293 514110

100 WATT GUITAR/PA/MUSIC
AMPLIFIER

With superb treble. bass. Overdrive, siimline. 12 months
guarantee. Unbeatable offer at E39. Also twin channel with
separate treble/bass per channel E48. Money returned if not
absolutely delighted within 7 days. Also fuu boxes great
sound robust construction £6.60. Also 100 watt 12 in.
speakers £22.80.
All inclusive of P.P. Send cheque or P.O. to:

WILLIAMSON AMPLIFICATION
62. THORNCLIFFE AVENUE. DUKINFIELD,

CHESHIRE, TEL: 061-344 5007

TROUBLESHOOTING, PROGRAMMING
AND DESIGN help offered for 6800 micro-
computers especially S68. Also assistance
with hardware interfacing and monitor
writing (expansion to Z80 soon). 01-960
2042.

CORE MEMORY PLANES, ex -equip,
without drive circuits, 4K (64x64) per
plane, 99p each plus 25p p&p, £7.50
post free for 8, £12 post free for 12. G.
Langley, 31 Bakers Lane, Woodston,
Peterborough.

COMPONENT
BARGAINS

741 I.C.s 25p each £1.00/5
555 I.C.s 30p each £1.25/5
7404 I.C.s 12p each 50p/5
7475 I.C.s 30p each £1.25/5
7490 I.C.s 35p each £1.50/5
74141 I.C.s 50p each £2.00/5
Diodes IN4148 . 3p each 25p/10

IN4001 . . 4p each 30p/10
IN4004 . . . 5p each 40p/10

Zeners 400mW 5v1, 5v6, 12v 10p each
5v 600mV Voltage regulators . 90p each
.100v 2 Amp Bridge rectifiers . 40p each
Transistors BC107 . . . 9p each 80p/ 10

2N3055 50p each
0.2- Red L.E.D.s with holder 10p
ImH R. F. chokes . . . 10p each 85p/10
10 way ribbon cable 50p /m £4.50/ 10m
1001+ A Meters 2%.' x 11/4- . . . . £3.85
OIL Sockets 14 pin £12p

16 pin 13p
FND500 7 segment L.E.D. displays £1.30
Soldercon I.C. Socket Pins . . 50p/100

Prices include VAT P&P 20p per order

Stephen Instrumentation
49 Hucknall Avenue

Ashgate, Chesterfield
Derbyshire S40 4BZ
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`The GReynard ThePox
Chess Pieces OF HKEINIGGH7T1/4

RETAILS IN SHOPS FOR APPROX. E50.00. BUY
NOW AND SAVE

G.I. GM3000
4 Digit Alm, Clock

I C + PLASMA DISPLAY

features
12 Hour clock 24 How Mum

AM PM islicebrie
SO or BO 111 operation

Smart 1S1eop eser1
Overt duple/ Wrenn

CA30013 Nuns
Na impley inlerInce contoomenis
Weeds Nam, relent
Alarm sal snooze ink.
lion
Power interrupl iodisation
Lew current consumptioe
All,. (mime Mee aired lose
tinla magnetic smilers

ONLY £4.901.C.AND DISPLAY

BIMDRILL
MAINS POWERED

7SOOMPM 02.95
Complete iota

3 Collets

Many uses - Ideal p.c.b
*Ming

All 'Imes tnclude P&P VAT

CHEQUE0 N.I.C. MODELS Order)

27 SIDNEY ROAD, LONDON N22
OTHER CHESS SETS AND BOARDS ALLOW UP TO

AVAILABLE - 15p ILLUSTRATED LISTS 21 DAYS FOR DELIVERY

Situations Vacant

COMMODORE SYSTEMS DIVISION
need an experienced digital engineer to be
responsible for the service of their 6502
based PET Computer. The position is London
based, conditions are excellent and salary is
negotiable. Please contact Mr. Roe on 01-
388 5702. We will also require a technician
to assist the above on the same equipment.
Salary for this position is dependent on age
and experience.

FIELD SERVICE
ENGINEERS

Enthusiastic people with knowledge of
electronics required to service Video
Games.

We are a nationwide Company looking for
people capable of working on their own
initiative within a small team. In return we
offer good prospects, private use of com-
pany vehicle (a clean driving licence is
essential) and a salary circa £3000 p.a.
depending on age and experience.

There is an immediate vacancy in Central
London, but, as we are expanding very
rapidly we would be interested in hearing
from applicants in all areas.

Phone Derrick Morgan or John Brown
on 01-459 2236, or write to: Cherry
Leisure (UK) Ltd., 387 High Road,
Willesden, London NW10 2JR.

ADVERTISEMENT
INDEX

Ace 65 LB Electronics 94

Advanced Computer Products 55 LP Enterprises 13

Airamco 74 Lotus Sound 86

Almarc 22

Ambit 6 Maplin 100

Astra-Pak 85 Marshalls 14

Audio Electronics 22 MD Marketing 85

Metac 95

Bamber 90 Micronics 78

Baydis 65 Minikits 74

Bi-Pak 4, 5. 90 Mountaindene 74

Brewster S&R 80

Nicholls 86

Cambridge Learning 65

Chiltmead 21 Osmabet 86

Chromasonics 73

C. N. Stevenson 32 Powertran 2

Communications Mea . . . 74. 94 Progressive Radio 94

Marketing 81

Crimson Elektrik 22 RE Equipment 84

Doram 38. 73. 95
Science of Cambridge 66

EDA

Edinsmith Computer Services

Electrovalue

73

56

84

Service Trading

Suntel

Sterling Sound

Strathand Sec

88

37

92

92

Fladar 95
Swanley 32

Flairline 93
Tamtronik 72

Greenbank 82 Technomatic 60

Greenweld 56 Teleplay 81, 99

Tempus 29, 93

Henrys 32. 82. 85 TK Electronics 93

T. Powell 93

ILP 43 Trampus 62

Integrated Circuits Ltd 59
Vero Electronics 72

Jayen 86 Videotime 60

Kramer 86. 94 Watford 8 9
Wilmslow Audio 93

Mini -Ads pages 96, 97 and 98
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Teleplay
noisy

presents
COLOURSTAR
WITH

FREE
STAR*

OFFERS

A whole
library

of easy
to

assemble
cartridge

games
for

you and
all the family

to enjoy

all in fu
works

OK on Black
and

TV
full colour

-
White

-- will save you pounds
in

n.
the long ru

Our INTRODUCTORY

OFFER
consists

of a bargain
that cannot

be snuffed
at -- a Kit consisting

of a
ssional

Finished
Inject

Moulded
Box - * Joystck

Hand
Controls

- *one cartridge
on which

consists
of 10 games-

Football ,

8osA

Of

d

Tennis,
Solo Squash

(1 & 2 players),

Hockey, Basketball,
(1 & 2 plyers),

Shoot
etc. *MainsAdaptor.

All holes
are

pre
-drilled - No Special

equipment
required

You'll
be surprised

how easy
it is to assemble

this superbly
enjoyable

kit!

Hand
Controls

Every
3 months

a NE VV game
will

become
available

to you and those

already
under

production
include

Submarines,
Space War,

VVipe
Out

and Many
more.

The price
of these

will vary frorn
f12 to £19 depending

upon
the complexity

of the game.

Cartridge

Additional
Cartridges

NSW available
include:

Stunt cattleae

- 4 games
- Cartridge

and Hand
Controls

- £14.90

Tank B
- Cartridge

and Hand
Controls

- f.15.90

Road
Race

2 games
Cartridge.-

Controls
already

with basic
kit 02.90

Fully
AsseMbled

Add
f 3.00

complete vv
sY

:',{pilawi
come nd ea instructions.

cartridges case a
asseni

Electrical knowledge is not a necessity to assemble this project - just simple soldering.
Cheques and Postal Orders to be made payable to TELEPLAY: send your order (No Stamp Needed) to

Teleplay, Freepost, Barnet, EN5 2BR or telephone your order quoting your Barclaycard or Access number.
Queries and Technical Advice offered either by phone or by calling at our shop.

BARCL AYC ARO SHOP OPEN -10am to 7pm - Monday to Saturday
CLOSE TO NEW BARNET BR STATION - MOORGATE LINE Ak...401mr Via, w

All parts fully guaranteed.
EUROPE'S LARGEST STOCKIST OF TV GAME COMPONENTS.

14 Station Road, New Barnet, Herts EN5 1QW Tel: 01-440 7033/01 441 2922



Invonpuin
everything for the modern D.I.Y. electronics enthusiast and more.

THE 'DRUMSETTE' RHYTHM GENERATOR
Organists. pianists. guitarists ... an automatic drum set to
accompany you! Nine highly realistic instruments play
fifteen different rhythms. Fifteen rhythm -select touch
switches and a touch plate for stop/start without rhythm
change gives absolute ease of operation. Build it yourself
for under E45 including smart teak -effect cabinet. See it
and hear it in our shop! Send for lull construction details
now: ME549. price 25p.

IONE
CHANNEL
RADIO
CONTROL
SYSTEM

AUDIO MIXER
A superb stereo audio mixer. It can be equipped with up to
16 input modules of your choice and its performance
matches that of the very best tape -recorders and hi-li
equipment. It meets the requirements of professional
recording studios. FM radio stations, concert halls and
theatres. Full construction details in our catalogue. A
component schedule in available an request.

1111199 it

01110
l'111)111 111111111)

REVERBERATION SYSTEMS
High quality spring line driver module uses 4 integrated
circuits and two transistors. Built and tested circuit board
with wiring instructions for spring line. %BM. price
06.00. Power supply to suit drive module costs around
02.50 and construction details are in catalogue. or ask for

leaflet MES24. Mechanical spring

9 -CHANNEL RADIO CONTROL
SYSTEM. A comprehensive model
control system. leaturing nine
independent fully proportional
channels achieved by a design
olio, very few components thus
kee, mg the cost to a minimum. Full
construction details in our booklet
(00301 price 01.20.

MICROPROCESSOR
Build a mini -computer with our microprocessor kit.
Features: 46 dillerent instruction types: 256 bytes of
read/write memory (mare are easily added). micro -
pronto, can address up to 65.536 B bil-bytes. Complete
kit for use with teletype etc. 12B911. 014.11.
20 -key keyboard for use with above (in place of teletype(
(XB92A(. 071.11. Both kits with detailed instruction books.
See our newsletter for details of additional RAM's. tri-sLie
interlacing chips. number-cruncher and standard cassette
tape-raeorder interlace In store your programmes. (All
prices include V.A.T. and p. d p.).

IT'S A FANTASTIC BESTSELLER!.
216 big (11" x 8") pages! Over a thousand
illustrations! Over 30 pages of complete
projects to build! Thousands and thousands of
useful components described and illustrated!
No wonder it's a bestseller!
DON'T MISS OUT! SEND 60p NOW!

MAPLIN ELECTRONIC SUPPLIES
PO- BOX 3 RAYLEIGH ESSEX SS6 8LR

Telephone: Southend (0702) 715155
Shop: 284, London Road, Westcliff-on-Sea, Essex

(Closed on Monday) Telephone Southend it );`, ,1)ti`t

lamin - i la Eat
--v-f!;!!!,!!

lines: Short lice (X108,1) 04.49:
Long line (X 684F] f 10.39. (All
prices include V.A.T. and p. 8 p.)

BOARDS AND PCB's
Pages 59 to 61 of our catalogue show you our range of
Veroboards and S-Decs or if you prefer to make your own
pcb's a range of etching systems including the novel
etch -in -a -bag system, plus printed circuit transfers for the
professional finish to your hoards.

T.V. GAME
A fascinating TV game kit that plays football. tennis. squash
and practice for only 621.59. Reprint of construction
details 25p. Add on rifle kit only f 10.60. (All prices include
V.A.T. and p.,Spl.

ELECTRONIC ORGAN
The only organ you can build in stages and tailor to your
requirements as you go along and al each stage you'll
have a fully working instrument! We haven't got the
gimmicks yet - (they're coming soon( but we have got the
most beautiful sounds - you won't lied them on any organ
less than twice our price. So get our MES50 series leaflets
now! 65p buys the three available so far.

MASSIVE RANGE OF COMPONENTS
For instance the capacitor section in our catalogue
includes non -polarised electrolytics and our resistor
section includes even 1°e tolerance types. Get our
fascinating catalogue now - you won't regret it.

.

IF"75 1.d '

Our hi -monthly newsletter keeps you up to date with latest
guaranteed prices - our latest special offers-
details of new protects and new lines. Send 30p

for the next six issues f Sp discount voucher with each copy).

POST THIS COUPON NOW FOR YOUR COPY OF OUR
CATALOGUE PRICE 60p

Please rush me a copy of your 216 page catalogue
I enclose 60p, but understand that If I am not completely
satisfied I may retuPn the catalogue to you within
14 days and have my 60p refunded irnjnedlately.

ca.
ADDRESS

ETI 8




