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GANNIBALS & MISSIONARIES
HEADPHONE- ADAPTOR
AUDIO LEVEL METER




- Dept. 7 56, Fortis Green Road
0 Muswell Hill. London, NIO 3HN.
telephone:  01-883 3705

L.C. SOCKETS LINEAR 1.C.s

- - 100, 555 18 pindipV 55 ° AY-1-0212 £6.93 LM21TT £ 12 SN7600TN (TAAGLTT) £1.82
L 27 £ 555 r(g-w; 8lp " AY-1-5051 £1.44 LM3900 2::» SN76003N z']lgg
£ . . ' €29 -5-12, 9 b LM3909 p < SN76013N .
CDA000AE 19 - ‘ip . :“U | Pin sqeken, pins insiips B dd gl :: ;_‘3;;3 EZ 52 o MC 13030 019 N760230 £1.98
prro o T 2|2 190, Jusr snip off whor 703 RF/IF Amp. 68p | AY-5-3507 £6.59 | MCI306P 85p SN76 227N MC 1327) £1.89
o L s g1 08+ | Youreed. 85 per s 70918 pin d 3Bp | AY-5-4007 £7.94 * | mMCI310P 1210 SN76539N £1.86
CngceAE ! 5?: . U'?: . o || el e q 709 16091 450 MC1312 2 52 SN76544N €8l
CD400AE B ARtV TR e ?,’;n',:;p DoaEe ;Sﬁ” e 709 4 pingic) 3% | BHAODO? £3.00 | MCI314 1434 176550- 21445501 8%
' - D4049" ! o : ' 710 18 pin dip 39% MC1315 1485 SN76552-2 8lp
gg:g?:;:g Ld:: &%44%4;8. 16 pin 15p 36pin39p. Opin 35p 710 (T0-99 45p caill g9 MC 1327 1148 SN76660N(TBA! 201 750
€D40T1AE 19 * 170 l4p* 710 114 pin din 44p CA3045 £1.69 MC 13300 89n | SN76666N (CAI08S) £1.12
CDA01 2AF 19 176" l4p - 741010-99 Stp CAI046 88s | MCI339P 1160 |
CD4013AE 5% 50p" 46p * QOur B Page A4 Audio 1.C Bookles 71114 pin dip 44p CA3053 5% MC1350 68p TAA 263 £1.50
CD4014AE £t 75 ¢ £1 .46 * €117 s supplied FREE with purchases of 720 tA.M Radia £1.76 CA3065 £1.60 ‘ MC1351 92p TAA300 £2.16
CD4015AE £1.75 - £).46 €117 * Linear 1.C 's worth €1 or more 723 110-¢9 £1.00 CAI07S e 64 MC 1352 92p TAA3I0A £1.87
CD4016AE 550 * 48p°  adp * 35p. if 30l ' olone ) Contoins circuits 72304 n'ndip 55p CA3078 £1.2% MC 1357 L1 60 TAA320 £1 44
CDA017AE £1 29 £1.07 ¢ 93p - ond pin connections 74l i8 pir dip 30p C A3080 59 MC 1358(CAICE5 L1 23 TAA350 £2.43
CD401BAE £1.89 £1.56 * £1.25 - 15 Amplifiers 250 mW ro 20 warrs 741 (10-99 43 CA3081 £1.86 MC1375 L 1156 TAA370 £3.45
CDA40ISAL 80p s6p* 53p * 5 Audio Pre-Amplifiers 741 114 pin dip) 36p CA3082 £1.86 MC 1455 (555T 65p * TAAS50 75
CD4020AE €197 ¢ £1.6a © £1.31 ° Tope Pre-Amplifier 747 {4 pindipr £ 04 CA3089 1TDAI200) £2.43 | MCI456CG o1 77 | 1A4570 £2.75
CD40?I A £1.75 ¢ £1.46 © £1.17p ¢ Power Driver 48 18 pin dip) 4% CA3097E £1.67 MC 1458CP1 89p TAA700 £5.03
CDAO%JAE 19 * 170" 4p - I Instrument Amplifier (Bifer 748 1T0-99 46p CA3123E £1.76 MC1 468G +2 30
CT4072AF f1.83 £1.53 * £€1.27 | General Purpose’ Mini Amplifier 748 (14 pin dip! 4% CA330 84 MC 14950 L4 48 1BA120S £1.25
CDA024AE £l £1.05 84p D.C Controlled Gain Control 753 (F M. 15t 1L F) CAJ40IE (LMIF00! 68p MC1496G 101 | 1BA231 £).02
CDA025SAE 1% * (75" lap * Micro-mini radio (2 1.C's) B E‘-gg .| CAs00E £1 a4 M(C:g:\glz: 8] 25‘ I:i;!g(l)oﬂm é; ?Z
k! . 2 . 2 9 P | MC3a n o
EA SIS N PHOTO -DARLINGTON S oo e 68
CD4078AE £1.53 * £1.28 ¢ £1.02 * LOOSTI (TG 31 £1.46 * | MFC40008 87 TBASIQ £3.27
CD40WAE £1.89 * +g1.5¢ " €115 * Yeeo 25v  NS777 e Regulaton 100 mA L036T1 (TO.3)  €1.46 * | MFC4060A 85p © | TBAS40Q £3.72
CD4030AE Tp 590 47p * ¥cbo  25v ? 7B105SWC /T0-920  60p * | (03771 (T0-3) £l 46 * | MFZ6030A 85p « | TBA550Q £5.29
CDA03SAE £1.75 * £1.46 ¢ £1.17 Vebo 8v 7BLIZWC T0-92' 60 * | (129 15OT-3% 850 | MFC6040 L1 0! TBA560CQ €5.29
C D4040AE £2.01 * £1 69 © £1.34 I 250mA 7y 78LISWC 110-92)  60p L1130 507-32) 850 * TBA6?25A £1.03 -
CD4042AE £1.49 * £1.24° 99" Pd 200'"“"16/35 . | 1131 501321 85 | MmMmSIld cag0 - | TBAGYSB £1.03 "
CD4046AE £2.15 * £1.79 * £1.44 * Hfe 2500 . P ?7;%;'523:‘( y%vu o MMS5316 £9.99 <+ | TBAGSC £1.03 ¢
53382325 2:: igz ::- 78L12AWC (1BAG258) 90p - Lxggl” ‘g"’_" e MVRSV (T0-31 £} 45 * ‘ TBAGSH £ .87
CDa0SIAE 8278 £2.32 ¢ £1.85 * 78LISAWC (TBA625C) 90p * L B A PR MVRIV (T0-3) £1.45 * | TBA720Q £2.79
CD4052AE £.78 £2.32 1 £1.85 ° s i MVRISV (T0-3) €1 45 *+ | TBA750Q £2.79
CDA0S6AE £2.12 - €076 ° £1.41 * ;%g',:g 500mA as - | LMI07 T TOLS 59 NS as | Ig:g?gs s 21‘
[CDI00AE o) diL0 2 Gl © : IBMIZHC £135 - | LM307 S8 pindipl 75 | NES6A £1.16 g i
CDSDes e el o S4p7 7op 7 \’ : Vj' BMISHE €135 - | LM30BT (T0-99) £l 96 | NESSSV 69p < | oAbl o
Y e A - ,} /‘/j 78MIBHC €135 + | LM3IOBS Bpindipl  98p | NESSE £1.29 | rpho200 471
ChY A3 Bp " Up7 1% J TYRTTR 6135 - LM30BA T 10-991 £7 92 | NES60B €506 Lhgteas o
(I & - ar Bl | LM30BA S (8 pin dipl£6.90 | NESGIB £5.06 A i
A - ENCI P NEW LED Linear Cunors Cecutoons 1A NES628 £5.06 ) 5.2
CDAN77AE Tip * 59" 47p ° each device containg 10 tight %;C'M‘TO—I B O . NES63 o rg,umc £ '|6
CD40B1AE 8p up* 19 - emi tiing diodes in o 20 pin dual- 79]3“ B S LM309K gz 34 N ol TCA760 :;’ '
CD4082AE %o * 2t 19 ¢ n-line package . Idea! for salid ToLKC TN £2.09  uma3e 2.25 e ] TCABOOQ 5 g‘
CD4085AE £ 28 €.06 - 85 ° stote anologue meters or dials T ey o . NI T TCAB30S )
CD4086AE £i.2 £1.36 &5p Type 10! RED £2.26.° Jomplere RS D e LM370N £2 'B\- TCA%40 €225
CD4093AE €156 ©  £1.20 - €£1.04 * with leofler 282 KOO t:ﬁ;]zn Lzloy SOE000 21 7 o r0se 0w
2.95 * 246 % £1.96 * .
gg:?ﬁ:: 27 ;2 ) f.ix.;g . :I.:? Regulaton 14 LM373M £2.99 SLAT4A ©.09 | DAIZ0 £2.43
S28AE 130 - €108  87p° 7805UC (T0-2200 £1.72 * | 377N €2.71 SLATSA £2.75 TDA1405 80p *
Coo2A . ° BI2UC 10201 €172 | g0 €125 SL7D £7.5¢ | 10al412 80p *
7815UC (10-220) £1.72 * | 6185 « | 10141 a0n -
3 DECADE DVYM 1I.C. : L mechem LEd) BEs s L
s Tk om0 79UUC T0-220'61.72 * | Loz op | sn7seoIn 8% °© | TDA2020 £3 75
. L e = 7403 15ec 12'p° 10p * . iMi820 £1.03 | SN75492N £.0 -
™ D [T,,_’ o it o Iclgoso - £3.52 T uLN2IIA £1.52
VWD ’ 7 - ot e 2 i | ZN414 Leaflet free with devices  10p alone i
L pan Jao8 s R e ! - 1 znare £.2
moo 7409 16pt 13p* p | MCI310; 2, 4 & 5 Leaflet free with devices /10p alone ' |
7410 16p°  13p* Np *
[ ==l IERE LS LED DISPLAYS DIGITAL  SWITCH
7417 27p" 2'p* 20p ° o . ——
7420 16p* 13p* p * Liteonix Double Digit Displays ”[W aa =
This state-of-the-art MOS LI chip contains 7427 7/'p: 22 .p.' 18p 0.5" Common Anode, 2 R‘'H oY g aco_encoded a.g‘..._l switch
oll the logic necessary for a 3! decode, dua! 7430 160" "3q ) I‘ lp - Decimal Points & 3 Reoding 010 9. Suitable for
slope integrating, autamatic polarity detecting 7432 3’9. 2ep B * DL72t L L@ =I-3 digital clock olarm setting
DVM  Supplied with free dato and circu 7437 7p 22p Lo DL727 00w 9.9 2y DVM input Sealing etc
bookles - - 744} 75° 62" 50p Suitable for Clocks, Meters 'EER]
7442 65p* 55p* 43p Instruments, Chonne! Indicatars geos 1109 £1.49 each *
QUR PRICE ONLY £6.59 * @ 7445 50" 719. S7p * Out price £4.75 - eoch 3333
7447 8lp*  73p" 65 *
D g e 7448 A o Low cost Red GuasP| (0,33" Litronix DL 707 Series /Y all £1 82 each  Red only
L ey Lh 972 " | Mororola MLED 500 | 0.33" Momento MAN S0 70/80/3600 v ¢/ « all 1 82" foch  (Red, green, yellow, Orangel
220 FWor Wet M 1092 packoge | 033" Xeirom XAN 70 Series 7/ ol €149 Each  Red Green, yellow]
Anather marve! from & 1. A 16 pin a2 gpr b &L P 0.43] Mansanio MAN 4000 Series IS alt £2.37¢ Eoch  iRed, Green, Yellow, Orangel
12-2% hr. Clock ).C. with 25 pin copability 7473 3p° 25p R ).} 0.63" Urromx DL747 Jumbo’ Series J/ el £292%Each (Red only
and low externol ports count . Supplied with A3 dgf X db - b ) Common Cathode as Common Anade (Red only!
eeTad iz e lecition (8. i iy o & gbo B NOTE MAN 4000 Series pir ou's ore 14 pin dif the some as MAN 50 70 and 80 series
VAT! /Leoflet alone 20p . ' Full Kit 7476 It 2 2ok 5
texcluding cose ! available towards A oo oy 50p * veeese. CORCD
end of 1975 Phone Clive for detoils 7485 €0.30 009 87p
7486 3% 26p 2ip ( Qur Bulk Buying Power enables a
$ 7489 £2.92* €280 * £210 * 0.2 repect of our Special Offer
MULLARD MODULE. 7450 900 0ot 3% - oe B, QAR 1 T S0, i VAT
Still moke the simplest, highly ;::17 ?;: iz: ;f; N ;HLmTo o0 ‘| ) 0w IMLEDISSO' . 0.63 (L)1 74798199 *linc VAT
reliable F.M. tynes 7493 5ot 409 I
7495 67:~ 55p* 45p © | Red 6o 15 13p°| 278 28 22" | 18 lép l4p° 0”0 ‘1300"033
o 74100 £1.08 ©  B9%* 7% | Green 7p  24p 229" | 3p 30 2o | 30p  Vp  Vp - 1LY AN25 or TILHIG
74107 I5p 78p* 2% ¢ |Ornge  27p p 2% 33 300 p7| 30p 270 25 6 pin industry standard pockage
= N 74121 34p* 280* 23 ¢ Yeilow  34p 3p 2% | 359 3% 2% | 35 33  30p ° 2.5KV isolation  £1.00.¢
e T 74122 47p* 3% 3lp
: ol 74141 780" 63p° 53p *
.'/ 74145 68p"  58p° 48p -
T~ 7 74154 £1.62 * £1.48 86p * —_— A A _2A A
/ 72 S | T OO RS- 67p 6-0-6V 100 mA 97p.t  0-9-17V £1.95 * £2.27 £2.64
By 74180 £1.06 *  88p* et 9-0-%v 100 mA 97p. ¢ 0-12-15-20-24-30V - £2.48 # £4.15 :
74181 £3.20 * £2.50 © £1.90 ° 12-0-12v 100 mA 97p * 0-24-30-40-48-60V - £5.18 % £7.07 -
QAN Yoo (Emben] @ Ew DR .88 9 601 p 20-0-2v 1A £4.55 °  0-19-25-33-40-50V £2.70 % £3.40 % £4.53 e
LP1185 1.F. Strip 695 74193 £1.35 * €114 90p 24-0-24V 500 mA £2 48
LP1400  Multiplex decoder 19 02 74196 £1.64 ¢ €134 ¢ 9% - B-0-BY 1A .18 - ©.p. on ronsiormers 10% of price m'n 20p

h | Items followed by a* Oversea: Custamers R e Data Sheet ond photocopy secvice available 10p per page
7 Y inc. VAT at 8° deduct 2727 From Orders far over £6. post
7 all others include 25% irems . !7S from others tree . Excepr transtormers| Advert No . 1A of Series B CALLERS ~ELCOMED
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Features

AMPLIFIER DISTORTION

Sometimes it can actually improve the sound!

GEOPHYSICAL SURVEY — PART TWO

Infra-red and radioactive surveying methods
MICROPROCESSORS

ETI introduces "Microfile”

CMOS — PART TWO

More information and circuits

ELECTRONICS IT'S EASY

Continuing with digital circuits

Projects

AUDIO LEVEL METER

Unusual method of display.is used .

CANNIBALS AND MISSIONARIES

Qur own version of ‘Jaws’ to play at home!

HEADPHONE ADAPTOR

Properly designed circuit improves performance

SILENT A-B SWITCH

Modification to our Tone-Burst Generator

DYNAMIC NOISE FILTER — PART TWO

Eliminate surface noise!

Data Sheet Special

OPERATIONAL AMPLIFIERS 5

Data sheets

Index

APRIL 1972 — MARCH 1976

Listing of features since ETI’s first issue

News & Information

NEWS DIGEST

PROJECT BOOK 3

PULSAR OFFER REOPENED
PREVIEW OF APRIL ETI

ETI BOOK SERVICE

ETI SPECIALS
ELECTRONICS TOMORROW
TECH-TIPS

Competition

ETI/HENRY'S RADIO COMPETITION
Up to £500 to be won in prizes

Special Offer , £
EXELAR DIGITAL ELECTRONIC WATCH , : ‘3
A fabulous product for only £14.95/ \Q &
e GRS
NS




BI-PAK

COMPONENTQ
CARBON RESISTOR PAKS
These Paks contain a range of Carbon
Resistors, assorted into the following

groups:— .
R 50 Mixed 100 ohms —

820 ohms %th W 0.60
R2. 50 Mixed 1K ohms —
8.2K ohms %th W 0.60
R3. 50 Mixed 10K ohms —
82K ohms %th W 0.60
R4. 50 Mixed 100K ohms —
820K ohms th W 0.80
R5. 30 Mixed 100 ohms —
820 ohms % W 0.60
R6. 30 Mixed 1K ohms —
8.2K ohms 4 W 0.60
R7. 30 Mixed 10K ohms —
82K ohms % W 0.60
R8. 30 Mixed 100K ohms —
80K ochms % W 0.60
. These are unbeatable prices.
LOW COST CAPACITORS
500 uF V  Elect 0.09 each
01’ puF 400V 0.03 each

REPANCO CHOKES & COILS

RF Chokes CH1 25mH €27
CH3 7.5mH 029
CH5 15mH 026
CH2 5.0mH 028

CH4 10mH 031

CoILs DRXI1 Crystal set 0.29

DRR2 Dual range 0.42
CARBON POTENTIOMETERS
Log and Lin 4.7K, 10K, 22K, 47K, 100K,
220K, 470K, 1M, 2M.
VC 1 Single Less Switch 0.20
VC 2 Single D.P. Switch 040
VC 3 Tandem Less Switch 0.60
VC 4 1K Lin Less Switch 0.20
VC 5 100K Log anti-Log 0.60

HORIZONTAL CARBON PRESETS

0.1 Watt 008 each
100, 220, 470, 1K, 2.2K, 4.7K, 10K, 22K,
47K, 100K, 221K, 470K, 1M, 2M, 4.7M.

REPANCO TRANSFORMERS *»

240V. Primary. Secondary voltages
available from selected tappings 4V, 7V,

8V, 10V, 40V, 50V and 25V-0-25V.
Type Amps Price P&P
MT50/% % £1.78 045
MT350/1 1 £2.24 0.48
MT50/2 , 2 , £3.06 0.60
COIL FORMERS & CORES

NORMAN %” Cores & Formers  0.07p
%" Cores & Formers 0.09p
SWITCHES
DP/DT Toggle 028p
SP/ST Toggle 0.22p
FUSES
20mm, 100mA, 200mA, 250mA, 500mA,
1A, 1.5A, 2A QUICK BLOW

*0.85p each

Anti-surge 20mm only *0.8p each
VEROBOARDS » 7
VB 1

containing approx. 50sq. ins. various
sizes all 0.1 matrix *0.60p

VB 2

conulnmg approx. 50 sq. ins. various
m all 0.15 matrix *0..
DECON-DALO 33PC Markery

Etch resistant pnnted circuit marker
pen. Full instructions supplied with

[ismumem cAsEs |

[ANTEX EQUIPMENT | *

[ AuDIO LEADS |

SOLDERING IRONS

CYANOACRYLATE 62 ADHESIVE

The wonder bond which works in
seconds. Bonds plastic, rubber. transis-
tors, components, permanently, imme-
diately!

OUR PRICE ONLY 69px

each pen *0.92p for 2 gm phial
BATTERY HOLDERS* CABLES . Per Metre
Takes 6 H.P. 7's complete with terminal CP 1 Single lapped screen *0.08
clip and lead *03lpeach CP 2 Twin Common Screen *0.11
CP 3 Stereo Screened *0.12
* CP 4 Four Core Common
Screen *0.21
' CP 5 Four Core individually
screened *0.28
CP 6 Microphone Fully
v-A-T- Braided Cable *0.11
CP 7 Three Core Mains Cable *0.11
CP 8 Twin Oval Mains Cable :2 g:
CP 9 Speaker Cable
. ALL PRIGES - CP 10 _Low Loss Co-Axial . *0.14
EXCLUDE V.A.T. S ===

Please add 8% to all prices
marked *. Remainder add
25%. Do NOT add V.A.T. to
prices marked t.

PEP

Postage and Packing add 28p
unless otherwise shown. Add extra.
- for airmail. Minimum order £1.00

x25. 25 watl ... *£2.4%
Model G. 18 watt . *£2.70
CCN 240. 15 watt .. . *£2.90
N ; .
(In 2 sections, Black Vinyl covered top SK2 Soldering Kit 399
and sides and bezel) g": AND ELEMENTS*
No. Length Width Height Price Bit No.
BVI & x 5% x 2,',"' sgl25 102 for model CN240  3/327 *42p
BV2 11” x 6" x 3 iz 104 formodel CN240  3/16” *42p
BVZ 6" x 4% x 1%” *£092 1100 for modet CCN240 3/32" *42p
BVA .. x 54" x 24" *£139 1101 formodel CCNZ40  3/87 t2p
— 1102 for mode 74 ]
: [ - ALUMINIUM BOXES - J 1020 for model G240 3/32" *42p
1021 for model G240 1/8” *42p
No. Width Helght Price 1022 for model X25 3/]6:' *42p
B Les"‘%“,,'x W x 1w eo4s 50 for model X25 3/32" *44p
BA2 x4 x 1% *0.45 51 for model X25 1/8" *44p
BA3 & XM x 1% .0:45 . 52 for mode! X25 3716”7 *44p
BA4  5%"x4” x 1%” *0.54 ELEMENTS +
BA5 4" x2%’ x 27 *0.45
BA6 3 x2" x 17 *0.39 Model E(;N £1.10*
BA7 7 X5 x 2% v0.79 Model EG 240 £1.35*
v " h . Model ECCN 240 £1.55*
BA8 8’ x6 x 3 £1.02
BA9 6 x4 x 2" +0.65 Model EX 25 £1.20°
(sc&;:‘l‘;s)complete with %4” deep lids & gOLDERING IRON STAND
PLEASE ADD 20p POSTAGE AND ST3 Suitable for all models 'C.l.lll
PACKING FOR EACH BOX Antex heat shunt 19p
PLUGS PRICE
COMPONENT PAKS ] PS | D.LN. 2 Pin (Speaker) 0.10
. PS 2 D.LN.3Pin 0.11
Pak Qty Description Price PS 3 D.IN. 4 Pin 0.14
Cl 200 Resistors mixed values gg g g:g g g:: ;28: ::g
approx. count by weight .60 PS 6 DLN. 6 Pin 0:18
C2 150 Capacitors mixed values PS 7 DAI:NA 7 Pin 0.17
approx. count by weight 80 pg g jyci 3 5mm Screened 017
C3 50 Precision Resistors mixed . ps g Jack 35mm Plastic 0.1l
C4 5 %thwidth Resistorsmixed S 10 Jack 35mm Screened o
preferred values & Y
C5 5 Pieces assorted Ferrite Rods 60 sg ::2; j:gt g‘terse%resecnrggned :%2
C6 2 Tuning Gangs. MW/LW PS 14 Phono 0.09
VHF .80 ; i
C7 1 Pak Wire 50 metres PS 12 Car perial i
assorted colours *.80 0-AXia
C8 10 Reed Switches *60 INLINE SOC‘KETS
C9 3 Micro Switches *80 ps 21 D.IN. 2 Pin (Speaker) 0.13
C10 15 Assorted Pots & Pre-Sets .80 ps 22 D.IN. 3 Pin 0.19
Cl1 5 Jack Sockets 3 x 3.5m, 2 PS 23 D.IN. 5 Pin 180° 0.19
x standard Switch Type .08 pS 24 D.LN. 5 Pin 240° 0.19
Ci2 30 Paper Condensers pre- PS 25 Jack 2.5mm Plastic 0.15
ferred types mixed values .60 pS 26 Jack 3.5mm Plastic 0.15
G 7 B, £ 1 ek e
P PS 28 Jack %" Screened 0.32
Nuts/Bolts,Grommets. etc.*.60  ps 29 Jack Stereo Plastic 028
C15 5 Mains Slide Switches, e PS 30 Jack Stereo Screened 0.35
2 Amp
CI6 20 Assorted Tag Strips Panels 80 bg oy phoTc,Screened o2
C17 10 Assorted Control Knobs .66 PS 33 Co-Axial 0.20
Cl8 4 Rotary Wave Change
Switches .60 SOCKETS
C19 2 Relays 6-24V Operating *.08 PS 35 D.LN. 2 Pin (Speaker) 0.07
C20 2 Sheetszg(())pper LaminateA‘ o PS 36 D.LN. 3 Pin 0.09
approx. sq. ins. g PS 37 D.IN. 5 Pin 180° 0.09
Please add 20p post and packing on all PS 38 D.LN. 5 Pin 240° 0.10
co::nkponené raélz(sc;;gxi acf;onher 10pon PS 39 Jack 25mm Switched o.11
pack nos. C1,C2, PS 40 Jack 3.5mm Switched 0.11
PS 41 Jack 4" Switched 0.19
[ AVDEL BOND | PS 42 Jack Stereo Switched 028
PS 43 Phono Single 0.07
SOLVE THOSE STICKY  Ps 44 Phono Double 0.09
PS 46 Co-Axial Surface 0.09
PS 47 Co-Axial Flush 0.19

[ P.C.B. KITS & PENS |

PROFESSIONAL D.I.Y. PRINTED
CIRCUIT KIT

Containing 6 sheets of 6” x 4’ single
sided laminate, a generous supply of
etchant powder, etching dish, etchant
measure, tweezers, etch resistant
marking pen, high quality pump drill
with spares, cutting knife with spare
blades, 6” metal ruler. plus full easy to
follow instructions.

*£7.80 per kit
Spare container of etchant for above,
complete with instructions *70p

P.C.B. MARKING PENS

2 x quality market pens, specifically
designed” for drawing fine etchant
resistant circuits on copper laminate.
Complete with full instructions 'Sl .53

per pair

[ "LOW-NOISE CASSETTES |
Cc60 *33p
C9%0 *44p
C120 *56p
SLIDER PAK

Containing a range of slider pots.

SP1 6 mixed valuessliders..... 0.60
SPZ 6 470R Lin. sliders. .. .. 0.80
SP3 6 10KLin.slider... 0.60
SP4 6 22K Lin. sliders .. 0.60
SP5 6 47K Log.sliders. . 0.60
SP6 6 47K Lin. sliders 0.60
- e

§221 5 pin DIN plug to 4 phono plugs
£1.08

length 1.5m
§222 5pin DIN plug to 5 pin DIN socket
length 1. 5m .68,

Ud
8237 5 pin DIN plug to 5 pin DIN plug
mirrorimage length 1.5m  £1.20
$238 2 pin DIN plug to 2 pin DIN socket
length 5m
$268 5 pin DIN plug to 3 pin DIN plug 1
&4 and 3 &5length 1.5m  £1.00
S270 2 pin DlN plug to 2 pin DIN socket
lengt .80p
8271 5 pin DIN plug to 2 phone plugs
connected to pins 3 & 5 length
1.5m
§275 5 pin DIN plug to 2 phono sockets
connected to pins 3 & 5 length
23cm .68p
$318 5 pin DIN socket to 2 phono plugs
connected to pin 3 & 5 length
3cm 68p
S§404 Coiled stereo headphones exten-
sion cord extends to 7m £1.40
§217 3 pin DIN plug to 3 pin DIN plug
len ngth 1.5m
$219 5 pin DIN plug to 5 pin DIN plug
length 1.5m .80p
S474 3.5mm Jack to 3.5mm Jack length

1.5m .68p
$600 5 pin DIN plug to 3.5mm Jack
connected to pins 3 & 5 length
1.5m 80p
§700 5 pin DIN plug to 35 jack
connected to pins 1 & 4 length
1.5m o

CROSSOVER NETWORK |
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SEMICONDUCTORS

[ ceramic Paks |

Containing a range of miniature
ceramic capacitors in mixed values,
unrepeatable value.

MC1 24 ceramic capacitors: 22pF,
27pF, 33pF, 39pF, 47pF, 56pF, 68pF,
and 82pF 0.60

MC2 24 ceramic capacitors: 100pF,
120pF, 150pF ,180pF. 220pF, 270pF
330pF, and 390pF

MC3 24 ceramic capacitors:
560pF, 680pF, 830pF, 1000pF,
1500pF, 2200pF, and 3300pF . 0.60

MC4 21 ceramic capacitors: 4700pF,
6800pF, O1,F, .0154F, .022F, .033uF
and .047uF 0.60

470pF.

[MAMMOTH I1.C. PAK

APPROX. 200 PIECES

Assorted fall-out integrated circuits,
including: Logic, 74 series, Linear,
Audio and D.T.L. Many coded devices
but some unmarked — you to identify.

OUR SPECIAL PRICE £1.60

WORLD SCOOP | *

JUMBO SEMICONDUCTOR PAK

Transistors — Germ. and Silicon.
Rectifiers — Diodes — Triacs —
Thyristors — 1.C.’s and Zeners. ALL
NEW AND CODED.

APPROX. 100 PIECES
Offering the amateur a fantastic
bargain PAK and an enormous saving
— identification and data sheet in every

K4007 1/P Impedance 8 ohms.
(2-way) Insertion Loss 3dB. pak. ONLY{ErSSleach
Fi 3 KHz.
Crossover Frequency 3K | BIB HI-FI ACCESSORIES |
REF : PRICE
3-WAY-STEREO ‘D' 2 Hi-Fi Cable & Flex Tidy 34p
H/PHONE JUNCT BOX T Tape Head Cleaning Kit 2p
a f ‘P* Hi-Fi Cleaner 30p
H 1012 Enables change-over from Model 9 Wire Stripper 100

loudspeaker to headphone listening.
Also has a centre position for both
outputs. : PRICE £1.73

HANDBOOKS

TRANSISTOR DATA BOOK. DTE 2
227 Pages packed with information on
European Transistors. Full specifica-
tion including outlines.

Price 1 £2.95 each
TRANSISTOR EQUIVALENT BOOK
BPE 75 256 Pages of cross references
and equivalents for European, Ameri-
can and Japanese Transistors. This is
the most comprehensive equivalents
book on the market today and has an
introduction in 13 languages.

Price 1+ £2.68 each
DIODE EQUIVALENT BOOK DE 74
144 Pages of cross references and
equivalents for European, American
and Japanese Diodes, Zeners, Thyris-
tors, Triacs, Diacs and L.E.D.’s.

Price + £1.98 each
MULLARD DATA BOOK 1974/75
MDB 74 The latest edition of this
popular handbook contains informa-
tion on Semiconductors, Integrated
Circuits, Television Picture Tubes,
Valves, Capacitors and Resistors.
Included in the 161 informative pages
are 21 pages on Semiconductor
Comparables | Price + £0.40 each
TIL DATA BOOK DIC 75 Now
complete Data book of 74 series TTL
(7400-74132). Covering 13 main manu-
facturers in U.S.A. and Europe, this
book gives full data as well as
equivalents Price + £3.74
THE WORLD'S BROADCASTING
STATIONS WBS 75 An up-to-the-
minute guide for those interested in
DX-ing. Contains all the world’s
broadcasters on SW, MW and LW, as
well as European FM/TV stations.

Price 1 £3.56

technical books

A full range of
availabie on request.

INDICATORS |*

23 %" Tape Editing Kit £1.80
24 '%” Cassette Editing Kit £1.84
29A Salvage Cassette 4p
32A  Stylus Balance £1.28
33 Splicing Tape 3sp

36A Record & Stylus Cleaning Kit 32p
41 8 Track Cartridge Head Cleaner

88p
Model 42 Groove-Kleen £1.84
42/S Roller & Brush for REF 42 & 2000

24p
43 Record Care Kit £2.78
45 Auto Changer Groov-Kleen  98p
46 Spirit level 2p
48 Record Dust-Off 26p
52A Cassette Tray 54p
53 Hi-Fi Stereo Test Cassette  £2.40
56 Hi-Fi Hints & Tips Book 48p
Model 60 Groov-Kleen £1.72

160/S Replacement Brush Velvet Pad

and Base Sticker for Model 60 24p
62 Cassette Head Cleaner (Liquid) 48p
71 Record ‘Dust Off’ (Displays of ten)

66p
71A Record ‘Dust Off' (Bubble Pack)
7

75 Indexa Record £1.50
76 Stylus Cleaner 36p
78 Cassette Fast Hand Winder 88p
83 Cassette Title & Container Labels

(20 & 10) 36p

[UNTESTED LIN PAK |

Manufacturers “Fall Outs” which
include Functional and part Functional
Units. These are classed as 'out-of-spec’
from the maker’s very rigid specifica-
tions, but are ideal for learning about
1.C.’s and experimental work.

PAK NO. CONTENTS PRICE
ULIC708 = x 709 060
ULIC710 = 7 x 710 060
ULIC74] = 7 x 74 060
ULIC747 = .5 x 747 060
ULIC748 = 7 x 748 080

|G.P. SWITCHING TRANS|*

3015F Minitron 7 Segment Indicator
*£1.11

[siLG.P. DIODES |

300 mW 40 PIV(min) SUB-MIN
FULLY TESTED
Ideal for Organ builders
30 for 50p, 100 for £1.50, 500 fot £5
1,000 for £9

TOI8 SIM. TO 2N706/8
BSY27/28/95A. All usable devices. No
open and shorts. ALSO AVAILABLE IN
PNP similar to 2N2906, BCY 70.

20 for 50p, 50 for £1, 100 for £1.80, 500
for £8, 1,000 for £14.

When ordering please state NPN or

-PAN

PO BOX
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High quality modules for stereo, mono and
other audio equipment.

PUSH-BUTTON

STEREQ

3.

OUR PRICE ONLY

£19.95

Fitted with Phase Lock-loop

* FET Input Stage
The 450 Tuner provides instant program selection at the touch « VARI-CAP diode tuning
of a button ensuring accurate tuning of 4 pre-selected stations, * Switched AFC
any of which may be altered as often as you choose, by simply * Multi turn pre-sets
changing the settings of the pre-set controls. * |.ED Stereo Indicator

Used with your existing audio equipment or with the BI-KITS
STEREO 30 or the MKG60 Kit etc. Alternatively the PS12 can
be wsed if no suitable supply is available, together with the

Typical Specification:
Sensibility 3, volts

Transformer T461. Stereo separation 30db
The $450 is supplied fully built, tested and aligned. The unit is Supply required 20-30v at
90 Ma max.

easily instalied using the simple instructions supplied.

FM TUNER

MPA
30

Enjoy the quality of a magnetnc cartridge with
your existing ceramic equipment using the new
M.P.A. 30, a high quality pre-amplifier enabling
magnetic cartridges to be used where facilities
exist for the use of ceramic.cartridges only

It is provided with a standard DIN £2 6

input socket for ease of connection
s

Full instructions supplled

POSTAGE &

STEREO PRE AMPLIFIER

Frequency Response + 1dB 20H:z £1 3 50 /
20KHz. Sensitivity of inputs

1. Tape Input 100mV nto 100K ohms

2. Radio Tuner 100mV into

A top quality stereo pre-amplifier
and tone control unit. The six

push-button selector switch pro- 100K ohms
vides a choice of inputs together 3 Magnetc P.U 3mVinto
with two really effective filters for 50K ohms

P U Input equalises to RTAA curve
1d8 from 20Hz to 20KH:z
Supply -~ 20-35V at 20mA

high and low frequencies, plus tape
output

MK. 60 AUDIO KIT: Comprising
2 x SPMBO 1 x BTMB80. 1 «x
PA100 1 front panel and knobs. 1
Kit of parts to include on/off
switch, neon indicator, stereo
headphone sockets plus instruction

Dimensions
299mm  x 89mm
35mm

Comprising  Teak veneered cabinet
size 16%''x11%.'"'x3% ', other

VAL](I-
02030 R

PLIFIER MODULES

booklet. COMPLETE PRICE The AL10, AL20 and AL30 units
£27.55. plus 62p are similar in their appearance and
TEAK 60 AUDIO KIT: postage in their general specification

However, careful selection of the

plastic power devices has resulted

PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

STEREO 30

COMPLETE AUDIO
CHASSIS
747 WATTS 'Jk

= £15.75

The Stereo 30 comprises a complete stereo
pre-ampiifier, 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

P &P 45p

parts include aluminium chassis
heatsink and front panel
bracket plus back panel
and appropriate sockets
etc KIT PRICE £9.20,
plus 62p

" SPECIFICATION:

in a range of output powers from 3
to 10 watts R.M.S.

The versatility of their design
makes them ideal for use in record
players, tape recorders, stereo
amplifiers and cassette and car
tridge tape players in the home

stereo tuner

main switch

wide range of inputs i.e. high quality ceramic pick-up,
stereo tape deck etc. Simple 1o instali,
capable of producing really first ctass results, this unit is
supplied with full instructions, black front panel knobs,
fuse and fuse holder and universal
mounting brackets enabling it to be installed in a record

postage @ Harmonic Distortion Po=3 watts f=1KHz 02.5%

® Load impedance 8-160hm ® Size: 75mm x 63mm x 25mm
@ Frequency response *+3dB Po=2 watts 50Hz-25Hz

AL10
w R.M.S.

AL30

£2.30 5. rms. £2.65 1080

@ Sensitivity for Rated 0/P — Vs=25v. RL=80ohm f=1KHz 75mV. RMS|

£2.95

plinth, cabinets of your own construction or the cabinet
available. ldeal for the beginner or the advanced
constructor who requires Hi-Fi performance with a

K.[B n 25 Watts (RMS)

* Max Heat Sink temp 90C. * Frequency response
20Hz to T00KHz * Distortion better than 0.1 at TKHz »
Supply voltage 15-50v * Thermal Feedback = Latest
Design Improvements % Load — 3,4,5, or 16 ohms *
Signal to noise ratio 80db % Overali size 63mm. 105mm.

TEAK CASE £3.65 plus 62pp & p.
NEW PA12 Stereo
A ] 2 foruse with AL10/
20/30  Amplifier
Frequency Response 20MHz-20KHz with tape output.
{(—3dB). Bass and Treble range
12d8B. Input Impedence 1 meg ohm.
Input Sensitivity 300mV. Supply
L)

requirements 28V SmA. Size 152mm
x 84mm x 33mm.

Especmlly designed to a strict speciticaion Only the
finest components have been used and the latest
. solid-state circuitry incorporated in this powerful little
amphtier which should satisfy the most enitical A F
enthusiast

£3.95

minimum of installation difficuity (can be installed in 30
mins)
TRANSFORMER £2.45 plus 62pp &p
Pre-Amplifier com-
pletely redesigned
Modules. Features include on/off volume.
Balance, Bass and Treble controls. Complete
Power supply for AL10/20/30,
PA12, SA450 etc

PS12

Stabilised Power Supply Type SPM80

SPMB8O is especially designed to power 2 of the AL60 Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of up to 1.5A at 35V. Size 63mm. 105mm. 30mm.
Incorporating short circuit protection
Transformer BMT80
£2.60 + 62p postage

[ ]

Input voltage 15-20v A.C Output voitage 22-30v D.C
Output current 800 mA Max. Size 60mm x 43mm x 26mm

OUR PRICE £I .20

Transformer T538 £2.30

1-PAN

P.O. BOX 6, WARE, HERTS.




MAGNETIC CARD
PROGRAMMABLE CALCULATOR

Slough, December 10, 1975. . . .. ...
A handheld magnetic card programm-
able calculator with a recommended
retail price of £250.00 (inc.VAT) has
been introduced by Texas Instruments
Limited, European Calculator
Division.

This new programmabile calculator
from Tl offers 20 memory registers,
10 user-definable keys and has the
capability to accept 224 program
steps. The algebraic entry combined
with 9 levels of parentheses allows
problems to be entered exactly as they
are written.

The SR-52 is able to store up to
224 program steps and numbers on a
single magnetic card. 20 independent
addressable memory registers permit
addition, subtraction, multiplication
and division of any displayed quantity
with any memory register without
affecting the keyboard calcutation in
progress.

With the calculator’s 23 prepro-
grammed key functions, trig and log,
powers and roots, factorials, recip-
rocals, three conversions and pi can be
directly executed from the keyboard.

Ten different decision instructions
and five user-set flags allow the user to
program the SR-52 to make repetitive
decisions and branch to appropriate
program segments automatically
without interruption.

O R T R A T 3 T e R 5 e T T S S AP Y e S B A
. |

Other features include 10 user-
defined keys and 72 user-defined
labels. While any portion of a program
may be called by an absolute address
number, these keys and labels permit
prompt and unique identification and
call-out of any pertinent program
segment. Indirect addressing,
decrement-and-skip on zero, and two
levels of subroutines provide
additional programming flexibility.

In addition to an operating guide
and owner's manual, the SR-52 pack-
age includes a Basic Library manual,
a card case, a library of pre-recorded
programs on magnetic cards, diagnos-
tic programs for testing the SR-52 and
head cleaner.

Pre-recorded and diagnostic
programs will be available through
retail outlets and from Texas
Instruments Limited together with
other pre-recorded libraries for various
professional disciplines.

The Texas Instruments SR-52
carries a one-year limited warranty,
from the original purchase date --
under normal use and service --
against defective materials or work-
manship. Any implied warranties are
also limited in duration to the one-
year period from the original purchase
date.

IMPORTANT WARNING

Readers are asked to note the consid- '

erable danger involved in the
production of homemade LDRs by
cutting open silicon power transistors,
as described on page 47 of Tech-Tips
Special in the January issue. The
danger lies in the fact that many
power transistors contain Beryllium
Oxide which is EXTREMELY TOXIC.
The inhalation of Beryllia dust or
fumes on a single exposure lasting
mintutes or seconds can cause injury
to the skin or mucous membrane
severe enough to endanger life or cause
serious injury. !f particles of Beryllia
enter the skin through cuts or grazes
chronic ulceration is'liable to result.
Our thanks go to M. P. Hearne of
Campbeltown for calling our attention
to this.

SIGNETICS DROP CMOS
Our US correspondent advises us
that Signetics have telexed all their
US sales staff and distributors advising
them that the company will be dis-
continuing their CMOS logic series.
Signetics’ sales of CMOS products
fell short of their projected target by
a considerable margin. We understand
that whilst the 1975 target was
US$ 200 million actual sales are not
expected to exceed US$ 120 million.

SOLAR CELL IS 20%
EFFICIENT
A 20% efficient solar cell has been
developed by Varian Associates.
According to the firm, its 8mm
diameter cell produces 10 watts of
electricity directly from a focused sun-
light beam. Varian makes the cell
from a gallium arsenide material de-
veloped by 1BM. Although the cells
are not yet in commercial production,
Varian says it plans eventually to build
a system of cells that can generate
TkW. '

ELECTRONIC WATCH HAS
CONTINUQUS DISPLAY

A challenge to LED and LCD watches
has been launch by America's Optel
Corporation. Optel have just released
details of a prototype unit incorpor-
ating an ‘electro-chromic’ display
claimed to be capable of showing a
continuous readout without constant
battery power.

The prototype unit is a three func-
tion device which shows hours and
minutes continuously and seconds on
demand. The corporation say that
there are still 'some problems’ with the
design but ctaim a two to five year life
for the prototype readout which they
say has a 200 millisecond response
time. ‘




NEW HEATKITS

The January 1976 Heathkit catelogue
is now available (send a 10p stamp for
return postage) free from their HQ at
Bristol Road, Gloucester, GL2 6EE.

————

The most interesting new product is a
seven-function programmable stop-
watch. For £74.50 you get the
following—
(i)  Ability to time two events
simultaneously.
(ii)  Timing of two minor events
(two lap times, for instance) and
displaying these, whilst timing the
overall event.
(iii}  Accumulation of a series of
timings and display of the total;
simultaneously the time elapsed
from the first to the last timing is
measured. Total journey time and
total driving time, for example,
can be measured.
(iv) Split facility — the display
will show the time-so-far at the
touch of a button at any instant in
the course of timing an event.
(v} Separate timings can be taken
for each "leg’’ of an event and then
these can be totalled.
(vi} Alarm or "upcount’: counts
up to a programmed time and then
gives an output pulse. The count
can be interrupted at any point.
(vii} ““Downcount’”’ — the timer
will count down from a programm-
ed number and gives out a pulse at
zero. ldeal for launching rockets,
etc.
By combining the functions a time can
be ““learned’’ by transferring a display-
ed number to upcount or downcount.
Start/Stop jacks allow external
triggering from photoelectric sensors,
etc. Measuring range is up to 100hrs.

and programming range up to 10hrs,
with a resolution of 1/100th second.
Although there is nothing this device
can do which can’t be done using the
ET! Timing Modules (Dec 75 and Jan
76 issues) the Heathkit GB-1201E is
packaged nicely in a hand-hold case
(561/3" x21/6" x 2").
Other new products in the cata-
logue are:
A car intrusion Alarm (£18.80}.
An Electronic Doorbell (£31.50}
which allows you to compose your
own tune (within 16 beats and 1
octave). The tune can be changed
(for a birthday party or for
Christmas, etc) behind the front
panel door.
A Digital Rev Counter (£31.80)
gives a two digit readout.

I ——

00000

B it

An Ignition Analyser (£280.00)
with a 12 inch screen and pro-
fessional facilities.

An SSB Transceiver (£490) for 80
thru TOm.

A CW Transceiver (£108.00) for 80
thru 15m.

A Synthesised 2 Meter FM Trans-
ceiver (£255.00).
A Hand-Held 2 Meter Transceiver
(£144.00).
A 30MHz Frequency Counter/
Timer (£78.00}).
All prices include VAT ‘and delivery in
the UK and all refer to products in kit
form. -

DIGITAL CLOCK COSTS CUTS

A new clock module subsystem
MA1001 requires only a transformer
and switches to become a pre-tested
electronic digital clock for use in
radios, alarms, domestic and timing
instrumentation, at approximately
50% of the cost of conventional simi-
lar designs.

The MA1001 is supplied with
timing circuitry and a 4-digit LED
display ready mounted on a 1.5 x
3" pcb. The LED’s are %'’ characters,
and the ready-mounted MM5385N
integrated MOS clock circuit (pack-
aged 40-pin DIL) eliminates the need
for separate bipolar segment-driver and
digit-drive circuits. It also eliminates
more than 30 resistors, as well as the
RF filter capacitors sometimes
required to attenuate RF interference

acnne

prooriiacase pewian

generated by multiplexed LED

c isplays. The clock IC drives LED
s:gments and digits directly, without
multiplexing, which suppresses most
RFi1. The residual is eliminated by
using a slow transition time in the out-
put stages — 100usecs as against the
usual Tusec.

The time-keeping frequency source
can be either 50 or 60Hz, and 12-hour
or 24-hour display options are avail-
able. Time is set through ‘‘Fast” and
“Slow’’ scanning controls.

Features include alarm ON and PM
indication, blinking colon, SLEEP and
DOZE timers and variable brightness
control capability. Alarm clock
options include a transistor oscillator
circuit for use with a low-cost ear-
phone  transducer. National
Semiconductor UK Ltd., 19 Goldin-
ton Road, Bedford MK40 3LF.

A SWINGING CALCULATOR
(CURSOR?)

Now that West Hyde Developments
are supplying a big range of carbon
film, wirewound, vitreous wirewound
resistors, and polystyrene capacitors,
they have designed a 5" plastic Resis-
tor Calculator with a built-in slide rule
with which they are introducing these
products to their customers. It has a

calculator on one side with a swinging

cursor, which efficiently calculates
power, current, voltage and resistance
— any two known and two unknown,
and the 5" slide rule is on the other
side.

These are available from West Hyde
Developments Ltd., Ryefield Crescent,
Northwood, Middlesex, price 61p
including P and P and VAT.

#7
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LOW-COST HP DMM

This new 3% digit, five function, fully
autoranging digital multimeter from
Hewlett-Packard sells for only £ 144,
and measures voltages from £0.0001V
DC and from 0.0003V to 700V rms
AC. Resistance is measured from
0.001 k€2 to 1,000 k€2. Current can be
measured from 0.0001A to 1.1A DC
and 0.0003A to 1.1A AC. Autozero,
autopolarity and autoranging are built
in.

Typical accuracy for DC voltage
measurements is 0.5% DC current
accuracy is 1.0%. One AC voltage
ranges, frequency is specified to
10kHz,  while AC current
is to bkHz. Accuracy of resistance
measutements is within 0.6% on the
three highest ranges and 0.4% on the
two lower ranges. Open circuit voltage
is less than 4V.

Input resistance on all voltages is
10M& with input capacitance of less
than 30pF. The 3476 is protected to
1100V peak on all ranges. The fuse
that protects the ohms function is
rated 250V rms. The current function
is fuse protected to 1.5A. No special
fuses are required and they can be
quickly replaced without dismantling
the instrument.

A range hold feature is included
that allows the instrument to be
locked to any desired range. This
feature is necessary, for example,
when measuring diode resistance. It
also makes repetitive measurement

faster. The LED readout gives all volt-
age readings in volts, all resistance
readings in kilohms and all current
readings in amperes.

Model 3476A is AC line powered
only; Model 3476B is AC line powered
and also includes rechargeable nickel
cadmium batteries. Model 3476A
weighs 0.71kg and Model 3476B
weighs 0.9kg. UK price is £175.00
for the 3476B. Hewlett-Packard Ltd.,
King Street Lane, Winnersh,
Wokingham, Berks RG11 5AR.

HEATHKIT ‘SCOPE COMPETITION
We now have the results of the
competition in our December issue.
FIRST PRIZE of a 10-4540 scope goes
to Mr. J. Humberstone,
57 Woodhead Road,
Sheffield 52 4TB.
SECOND PRIZE of a 10-4560 scope
goes to Mr. A Eaves.
‘Salway’, Crowbrook Road,
Askett, Aylesbury,
Bucks, HP17 9LS.
THIRD PRIZE of another 10-4560
scope goes to Mr. M.L. Shirtcliffe,
50 Lupton Crescent,
Sheffield SB7NA.
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STILL TIME FOR

HELPING HAND

The closing date for this award is
March 31st, 1976, so if you haven't
sent your ideas in yet there is still
time. Details of the problems to be
tackled are given in previous issues of
-ETI — choose any one of three specific
problems facing deaf people. By the
application of your knowledge of
electronics you can help spare deaf
people some of the hardships '

they face; and ETI, in conjunction
with the RNID, will help develop
your ideas.

If you need more information send
alarge SAE to ETI HELPING HAND,
ETI Magazine, 36 Ebury Street,
London SW1W OLW.

ASTRONOMERS DETECT
INDIVIDUAL PHOTONS

A digital television system for as-
tronomy, developed by University of
Arizona astronomers, is sensitive
enough to detect individual photons
of light coming into a telescope and
record them for immediate playback.
As a result it is possible to see ob-
jects 100 times fainter than previous-
ly possible. The system is based on a
special television tube — a silicon
intensified target tube — that records
64 000 points of light simultaneously.
The information then is sent in digital
form to a computer, which removes
the image’s noise. Photographs or a
spectrogram can be produced.

BIPOLAR PROMs AND ROMs
BOOKLET

intel have published a 36-page booklet
which provides technical information
on 13 different ROMs and 24 different
PROM types they manufacture. All
the devices in the booklet are of
Schottky bipolar construction and
erasable PROMs are not included.

The booklet incorporates a data
sheet for each device, an equivalents
chart and gives details of PROM
programming equipment.

For every intel PROM there is a
pin and performance compatible
PROM, which means that no circuit
changes have to be made when a
project is finalized and information
in PROM is committed to mask-
programmed ROM.

All Intel PROMs employ poly-
silicon fuses which coat the
surrounding area in a aprotective oxide
layer when they are ‘blown’. With
polysilicon fuses there is no danger
of a fuse ‘growing back’ as has
happened before with conventional
metal fuses.
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Featured by PRACTICAL WIRELES
SOLE U.K. DISTRIBUTORS - HENRY’S

Build the Texan stereo amplifier, then you can be doubly proud! For a start,
you’'tl own a superb home entertainment

unit. And have had all the pleasure of % Can be built Stage by stage
doing it yourself, with the Henry's kit. Ask for leafle€ 20.

% Everything necessary
supplied. Full after sales service
and guarantees.

Look at the Texan specification

Incorporating fully integrated stereo preamp
and power amp, with6 IC's, 10 transistors,
6rectifiers and zener diodes. Plus stabilised,
protected circuitry, glass fib pcb; Gardeners
low-field tow-line mains transformer; all
facilities and controls. Slim design, chassis
1437 x 6” x 2” overall. 20 watts per channe}
RMS, less than 0.1% distortion at 1 kHz.

KlT PR'GE Built and tested

£45.00 inc. VAT
+£1.00 p&p.

£35.00

Inc. VAT +£1 p&p

THE NATURAL FOLLOW-ON — THE TEXAN FM TUNER KIT!

Build the matching Texan stereo tuner ! Features

KlT PR'GE advanced varicap tuning. Phase lock loop decoder
Professionally designed circuit. Everything you need is
in the kit. From the glass fibre pcb to the cabinet itself.

£25.95 :
Excellentspec: 2.5 uV aerial sensitivity. 500 mV output

Inc. f
nc. VAT + (adjustable). Tuning range 87-102 MHz. Mains
| m———

60p pérp. powered.

) SPO

. all the electronic excitement

you could wish for! f
Anup-to-the-minute game. Plugs t y
into yourown TV aerial socket '
Switchon. And you're away !
Choose yourgame — football, tennis
orhole-in-the-wall Absolutely
safe. Foryou. Yourchildrea. And ¢
your TV. Mains powered. b

List Price £42.5 - £
! " ¢ inc. VAT + o —

HENRY'S PRICE-ONLY £29.50 so5,cp.

WHA R YOU DO, DO DR ~
A :
' 1 i |

For this new edition, we have made
hundseds of changes and additions.
It has over 200 pages, containing
virtually everything for amateurs and
piofessionals. And you'll have no
bother at all finding everything you
want, because there's acomplete
aiphabetical index as weil as a section
index. Together, they putyourighton
course for theitems you need. From
Sinclair projects to educational kits.
Oscilloscopes to panel meters. Colils to
capacitors. Transistors to valves.
Loudspeakers to microphones - all at
competitive prices. Over 200
pages of vital statistics - just for
you! So send now foryour copy.

FREE to Educational Establishments when
ordered on official headed notepaper.
Q 25p carr./pack,
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—it may sometimes be advantageous!

In this article written specially for Electronics Today International, Gordon King explainé transient inter-
modulation distortion and how it affects amplifier/speaker combinations.

OF RECENT MONTHS | have been endeavouring to es-
tablish meaningful correlation between the measured para-
meters of amplifiers and the listening room sound. Thisisa
very difficult area of research because there are so many
inter-related and variable factors involved; also because the
net result is obvigusly a subjective impression rather than a
meter reading! Nevertheless, a number of points of interest
have emerged which merit discussion.

For starters, it would appear that certain parameters are
advanced out of sheer ‘specmanship’ rather than on a basis
of electro-acoustic requirements; in fact, it is sometimes
possible to enhance the sound by deliberately diminishing a
parameter. There would also appear to be a fairly important
link between the -subjective and the objective at the
electrical interface between the amplifier and the
loudspeaker. The sound field is certainly affected by the
acoustical interface between the loudspeaker and the
listening room.

Although this article is concerned primarily with
electrical parameters, it is necessary to look at some of the
acoustical aspects, too, for after all, it is the resulting sound
that we listen to, not electrical signals.

The loudspeaker ‘loads’ both electrically into the
amplifier and acoustically into the listening room; in other
"words, the amplifier is the electrical source for the
loudspeaker and the loudspeaker the acoustical source for
the listening room. It is well known of course that the
output into or across a load, is influenced by the nature of
the source and the load, this being applicable to acoustics as

well as electrics. Sound pressure, in fact, is the acoustical .

analogue of voltage.
It is reasonable to conclude, therefore, that just as some

Detailed measurements may place two amplifiers well
into the accepted hi-fi category yet, in a common
signal source, loudspeaker and listening room situation,
one may produce a very fine sound and the other a
distinctly fatiguing sound. Fact or fiction?

FACT!

Given an amplifier of top-flight-measured purameters
and two pairs of similar style but different make,
measurement-acclaimed loudspeakers, one pair to a
critical ear can be far more acceptable than the other
pair, yet if the amplifier is changed the other pair may
then be preferred.

Fact or fiction?

FACT!

10

The acoustical load presented by a particular listening room
may be more acceptable to some loudspeakers than others . .

electrical sources are more critical of loading than others, so
are some loudspeakers. The acoustical load presented by a
particular listening room may be more acceptable to some
loudspeakers than others, which is one reason why a pair of
loudspeakers which yield acceptable results in one room
may audition less favourably in a different room. There is a
case, therefore, for the loudspeaker and listening room to
be measured in partnership. Although free-field (anechoic)
pressure versus frequency plots are commonly adopted for
optimising the design of loudspeakers, they are far from
revealing how different loudspeakers will audition in
different rooms.

It is neither difficult nor expensive for a hi-fi dealer or
audiophile to measure loudspeaker/room combinations, and
an inexpensive, though surprisingly accurate, method is
based on the reproduction of a third-octave bands of pink
noise. A ‘linear’ sound level meter at the normal listening
position is then used to measure the sound pressure level at
each band in turn over the range of 20 Hz-20 kHz, leading
to the construction of a graph. This simple technique
reveals eigentones and absorption effects quite
dramatically, thereby indicating the adjustments required
for improving the results.

Noise signal has the effect of automatically averaging the

It is neither difficult nor expensive to measure loudspeaker/
room combinations . . .

sound in the listening room. Steady-state sinewave signal
cannot be used. Pink noise, which is white noise with —3
dB/octave (or —10 db/decade) weighting, is used because it
correlates more closely with the spectral distribution of
music than unweighted noise, which is white noise. It is
noteworthy that the voltage of white noise is proportional
to the square root of the bandwidth, and contains
frequency components of constant energy per unit
bandwidth. The weighting thus endows pink noise with
components of constant energy per octave bandwidth.
Bruel and Kjaer have produced a calibrated record of
third-octave pink noise bands (Type QR2011) which, along
with a B&K sound level meter, such as Type 2206, makes it
possible to ‘sweep’ the loudspeaker and room. The resulting
overall response needs to be interpreted with care, however,
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since at the higher frequencies the response fails to
correlate to what we hear. This is because we judge a sound
more on its starting transient rather than on its overall
integrated energy. Nevertheless, low-frequency standing
waves are brought to light, and modifications to
loudspeaker positions, furniture positions and amplifier
tone controls can often improve matters. It is hoped to
publish an article in these pages later describing listening
room optimisation.

The prime discrepancies between what the meter reads
and what the ear discerns are related to non-linear effects
both in the amplifier and loudspeaker; also, sometimes, to
how the non-linearities interact electrically and
acoustically. One problem in obtaining subjective
correlation from a meter reading lies in the nature of the
signals we are obliged to use for the measurements. Sine
and square wave signals are useful, being component parts
of music signal, but real music signal is much more
complicated than both of these.

If it were possible to feed a loudspeaker with a perfect
electrical representation of the originating sound, it is likely
that the reproduction would be less palatable than that
obtained by first passing the source signal through a
distorting amplifier! A non-distorting signal would tend to
emphasise the loudspeaker non-linearities in terms of
crossmodulation of spatial, spectral and temporal
co-ordinates. The reproduction would thus be modified by
all the practical inadequacies of even the best of
loudspeakers. Further modification would result from
distortion on the electrical signal, and there is reason to
believe that distortion on the signal prior to its application
to the loudspeaker can, in certain circumstances, lead to
more acceptable reproduction®. {So much for the straight
piece of wire with gain theory — Ed)

The loudspeaker distortion co-ordinates would then
themselves be crossmodulated by similar distortion

... a perfect representation of the original sound may be
less palatable than by first passing it through a distorting
amplifier!

co-ordinates on the signal before the loudspeaker, leading
to an acoustical result more closely related to the
originating sound as humanly judged, than if the
loudspeaker distortion alone were present.

The nature of the distortion produced by both the
amplifier and loudspeaker is thus critical, so that different
types of distortion would give different subjective
impressions, which is not uncommon in a system of units of
different distortion types. For example, the distortion from
a radio tuner can interact with the distortion of an
amplifier to which it is connected in such a way that the
instrument-indicated change in the net distortion from the
partnership, as the FM tuning is adjusted within the
passband of a tuned signal, lacks subjective correlation. A
test condition can be established where a fall in meter
distortion is accompanied by an obvious rise in subjective
distortion!

It thus seems to be perfectly feasible that after
establishing the most acceptable reproduction by selection

... afall in measured distortion may be accompanied by
arise in subjective distortion.

of the amplifier and loudspeaker partnership, a detraction
in subjective acceptability could well result by changing
either the amplifier or loudspeaker. | believe that this is one
reason why a hi-fi system whose amplifier parameters
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measure in advance of those of another may not necessarily
audition any better. Indeed, it could be judged subjectively
inferior!

It should be understood that we are now considering hi-fi
at the top equipment level, where the amplifier distortion
figure is, at least, one place to the right of the decimal
point. Distortion from this class of amplifier seems to be
falling more swiftly than the distortion from comparable
class loudspeakers, which is not making it particularly easy
to select suitable loudspeakers for the parameters of the
amplifiers.

One amplifier from the Pioneer range comes to mind. In
the lab this was found to have a very low level of distortion
— one of the lowest ever measured — with harmonic
components down to the distortion threshold of the
measuring oscillator (0.002%) over thé whole dynamic
range, as measured with a wave analyser to read below the
wideband noise power of the simple distortion factor
meter. The intermodulation distortion was also
correspondingly low and there was no crossover
discontinuity; vyet, in partnership with acclaimed well
known loudspeakers, the amplifier was judged to be less
subjectively acceptable than a counterpart of similar power,
bandwidth, etc. but of much higher measured distortion.

Clearly, it is becoming more important to audition
loudspeakers in partnership with the amplifier with which it
is going to be used. The ultimate performance of the
Pioneer, just exampled, was eventually realised only after
careful loudspeaker selection.

Most of the important parameters of amplifiers are
measured into resistive loads, which does not make much
sense because no loudspeaker presents a purely resistive
load to an amplifier. The load analogue of a |oyds’peaker is
an impedance composed of resistance, capacitance and
inductance, but the impedance is not very easily defined
since it is affected to some extent by the electrical drive
signal and, of course, by the impedance of the separate
units and nature of the frequency dividers. Different
designs of loudspeakers present different loads to
amplifiers, and it is not feasible to construct load analogues
corresponding to all loudspeakers for testing amplifiers!
Neither is it good for the loudspeakers (nor the
neighbours!) to use real loudspeakers at test loads. Thus for
testing we are back to R with, perhaps, a dash of
C and/or L.

There has been a tendency for designers to optimise in
terms of the smallest rise-time into resistive loads, and
rise-times as small as 2 usec. can be seen in the specs.
However, there can be a dramatic change in scene when the
load is made reactive by the addition of C.

For example, in Fig. 1(a) the step function applied to the
input of an amplifier was around 100 nsec. rise-time. The
oscilloscope was set to 5 usec./div., giving the display a
rise-time, via the amplifier and resistive load, of about 2 to
3 usec., corresponding to about 140 kHz -3 dB
upper-frequency response.

The trace at (b) shows the same signal from the same
amplifier, but this time with the load consisting of 8 ohms
in parallel with 1 uF. Rings as bad as this can certainty
affect the tonal quality of an amplifier, depending on their
amplitude and period. | have suggested2 a definition of
settling-time as an important parameter of amplifiers when
measured into a reactive load arranged either to evoke the
worst condition (i.e., by selecting shunt C for the most
prolonged ring, when R corresponds to the rated load) or to
the load analogue of the loudspeaker which will be used
with the amplifier. The definition of settling-time under ref.
2, is the time elapsed from the application of the
step-function to the time that the amplifier enters and
remains within a + 5% error band, corresponding to Eg
£ AE, where Eo is the final settling voltage. With the

1
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Fig. 1. Amplifier of small rise-time. f{a) resistive rise-time about 4sec.

Fig. 1{b). Severe rings into reactance resulting in protracted 50 sec.
settling-time.

settling-time referred to A E/Egx 100, it is in advance of 50
usec. in Fig. 1(b), which is unacceptable for hi-fi.

Too long a settling-time, therefore, appears to be another
valid reason why some amplifiers fail to audition as well as
might be expected from: distortion measurements alone;
also another reason why a change in loudspeaker may
modify the subjective result (i.e., by changing the electrical
transient performance of the amplifier).

The oscillograms in Fig. 2 reveal a more acceptable state
of affairs. That at {a) is based on a 3 usec./div. sweep and
corresponds to the resistive rise-time of a different amplifier
of around 7 usec. (50 kHz — 3 dB response), (b) shows
what happens when the resistive load is shunted by
capacitance. There are no rings in this case, just a mild kink
at the leading and trailing corners of the squarewave, with
the settling-time corresponding to about 10 usec.
(waveform on 20 u sec./div. sweep). This shows the worst
condition obtained with a shunt capacitance of 0.68 uF.

There appears to be a definite tendency for amplifiers
uesigned for dramatically small resistive rise-times {(some as
small as 1.8 usec. have been measured) to suffer prolonged
settling-time as the result of severe rings into reactive loads,
and hence tonal jmpairment when used with loudspeakers

12

constituting critical load conditions.

The value of designing for very small rise-times and hence
for extended small-signal high-frequency response is thus
obvious. A rise-time of 1.8 usec. implies that the amplifier
is responsive well up to 200 kHz (the LW radio band!).
Rise-time is related to the upper-frequency response by K/f,
where K is a constant defined by the response characteristic
of the amplifier or network, and f the upper-frequency
where the response is 3 dB below the mid-spectrum
response. When the upper-frequency roll-off approaches the
so-called gaussian characteristic (i.e., when the -3 dB
upper-frequency is approximately half the —-12dB
frequency), K is close to 0.35; but it can range between 0.3
and 0.5, depending on the nature of the roll-off.

Of course the upper-frequency response needs to extend
beyond audibility to accommodate the transient
components of the music sigrial and thus to preserve the
musical attack. However, it is difficult to argue in favour of
a response much above 30 kHz, corfesponding to around 12
usec. rise-time. We have seen that an extended response
might encourage rings and increased settling-time. There is
also the possibility that it might encourage ’blocking’
following fast transient signals. This is called transient
intermodulation distortion.

Transient components of music signals rarely exceed
about 16 usec. owing to the limitations associated with the
response and transfer characteristic of their sources. For
example, a high quality FM transmission has an

3
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SN

Fig. 2{al. Resistive rise-time about 7lsec.

Fig. 2(b). Well controlled overshoot into reactance resulting in
settling-time of 10lsec.
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upper-frequency response limit of 15 KHz, with a swift fall
into the 19 kHz pilot tone notch, thereby limiting the
maximum equivalent rise-time to about 20 usec. Few
gramophone records carry high energy information much
above 18 kHz, and the same applies to tape recordings, so
even from sources of this kind the music transients are not
likely to be much faster than 17 usec. It is thus difficult to
commend small-signal responses down to 2 usec. or less and
up to 200 kHz or more!

Transient components of music signals.rarely exceed 16 usec.

If one regards the source as a network of a given response,
then, clearly, further limiting by a relatively slow amplifier
response is undesirable. However, it must be remembered
that the total rise-time (Tq) of two cascaded networks of
rise-times T, and T, is equal to the vector sum (not to the
. simple sum), such that T, =+/T;2 + T,2. Thus the degree
of response limiting of the source signal by the amplifier is
relatively small — certainly not calling for a rise-time as
small as 2 usec.

Contemporary hi-fi amplifiers rely on negative feedback
for extending and flattening the frequency response and for
reducing non-linear distortion, particularly of the power
amplifier section. The open-loop bandwidth of a power
amplifier is dictated by the transistors which are available
to drive the required audio power into reactive loudspeaker
loads without veering too close to the secondary
breakdown characteristic. This generally means that quiite a
lot of-negative feedback must be applied to yield a viable
" closed-loop power response, and that lead and/or lag
networks are necessary to maintain a reasonable stability

margin. Unless the ratio of the response of the power
amplifier in the open-loop mode to the response of the
preamplifier is of unity or greater value, the amplifier is
likely to exhibit transient intermodulation distortion — tid,
for short.

In other words, the overall frequency response of the hi-fi
amplifier should be dictated by the roll-off of the

. preamplifier section and not by the power amplifier’

section®. This, then, clearly. places a limit on the
small-signal response or rise-time of the preamplifier,
beyond which it is subjectively imprudent to engineer.

The mechanics of tid can be described in the following
way. The total input to a feedback amplifier consists of the
sum of two signals, the source signal proper and the error
signal fed back antiphase. If the source signal is a very fast
transient and the error signal slightly delayed owing to a
relatively slow power amplifier response, the input stage of
the power ampiifier will momentarily receive a signal of
greater amplitude than it is designed to accommodate, and
severe overloading may ensue. The transient may thus be
distorted, and the sudden ‘shock’ to the input stage may
result in this closing down for a brief period, followed by a
relatively slow recovery due to the action of circuit
time-constants, so that information immediately following
the transient is lost.

.. . overall frequency response should be determined by the
roll off of the pre-amplifier . . .

A method for the display of tid has been promulgated®
and attempts have been made to measure its, but so. far
there is no accepted standard for the measurement.
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Fig. 3. Transient intermodulation distortion. (a) Test signal of square-
wave plus sinewave.

Fig. 3(b). Severe form of tid.

Fig. 3fc). Showing ‘blocking’ effect.

14

Fig. 3(d). ‘Blocking” following each squarewave transient.
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Fig. 3fe). Relative freedom from tid; bottom trace reconstituted
sinewave, top trace distortion content of waveform.

The oscillograms in Fig. 3 may be of interest. Display {a)

, shows a test signal consisting of the addition of sinewave

and squarewave signals. This composite signal is applied to
the input of the amplifier under test, and at the output the
squarewave component is cancelled out so that the
sinewave component only is left for oscilloscope analysis.
The squarewave is cancelled by applying to a bridge circuit
an inverted replica of the squarewave component of the
composite signal.

Display (b) shows a severe form of tid, giving
asymmetrical sinewave components on the positive and
negative going squarewave cycles. Display (c) shows the
‘blocking’ effect following transients. (d) is a similar display
but with less expansion. Display (e} shows the sinewave
components fairly well fitted together on the bottom trace,
thereby indicating minimal tid, and the distortion signal on
the top trace, after passing through a distortion factor
meter.

Transient intermodulation distortion tends to affect the
quality of the reproduction more towards the full power
drive of the amplifier, and is emphasised by treble lift. It
manifests as stridence and harshness on signal peaks. While
there is a real possibility of tid being responsible for lack of
objective/subjective correlation (for it does not appear as a
parameter in specifications or reviews), it can only occur
when the rate of rise of a signal transient at the power
amplifier input is in advance of the response speed of the
power amplifier in open-loop mode. It is thus encouraged
by a very small rise-time which is not matched by the
response speed of the power amplifier, indjcated by a poor
or mediocre slew-rate.

It is becoming apparent that an amplifier of very low
distortion factor may not necessarily produce better sound
than a counterpart which fares objectively less well. In fact,
the latter may audition better! Here, then, is still another
reason why an amplifier of very low measured distortion
may fail to perform subjectively as one might expect.
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A clue to this paradox is contained in the oscillograms
shown in Fig. 4. A distortion factor meter responds to the
average energy in the distortion signa!, but the ear is more
critical of signal peaks composed of high-order harmonics
than lower-order harmonics of higher energy. Display {a)
indicates relatively high energy third-harmonijc distortion,
which would produce a fairly substantial reading on a
distortion factor meter compared with display (b), where
the energy is small but the amplitude of the peaks large at
the crossover points. The distortion factor of (a) was
around 0.25% and of (b) a mere 0.05%, yet the amplifier
responsible for {(a) was more acceptable in the listening
room than that responsible for (b), in spite of (a) being the
much greater readout!

When comparing amplifiers in terms of distortion factor,
it is essential to take account of the nature of the
distortion, since the figures alone rarely provide adequate
comparative information. Alternatively, attention should be
directed to the intermodulation distortion, for with
suitably high measuring frequencies, such as f; = 5 kHz and
f, =9 kHz (1:1 ratio), a relatively high 21, —f, readout is a
sure indication that the crossover distortion is not very well
tamed, particularly when this order increases as the power
of the amplifier is reduced. Crossover distortion is generally
more troublesome at low amplifier power, than at high
power, the converse of tid.

Another form of bad crossover distortion is shown by
display {c), where the energy is also high. This corresponds
to about 0.4%, which is barely hi-fi. A commendable result
is shown by display (d), the distortion being virtually down
to noise threshold with no crossover artifacts; this
corresponds to 0.02%.

... itis essential to take account of the nature of distortion
— figures alone are insufficient.

Other factors responsible for the auditioning differences
of amplifiers include asymmetrical ovetload allied with
abnormally long recovery time-constant and changing
quiescent current under dynamic conditions. The damping
factor, too, has a béaring on the amplifier/loudspeaker
partnership, and it is desirable for the amplifier's source
impedance to remain at a low value right down to infrabass.

In conclusion, it is hoped that this article has given a few
interesting points over which to ponder. We are learning all
the time, which is half the fun of hi-fi . @
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Fig. 4. Distortion factor oscillograms. (a) relatively high energy third-
harmonic distortion.

~ig. 4 b). Low total energy but ‘peaky’ crossover.
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Fig. 4(c). High total energy, including crossover distortion.

Fig. 4(d). Low energy harmonic distortion without crossover
artifacts.
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Take care when soldering not 1o bridge any of the fine gaps between adjacent tracks on the PCB. Do not solder pins of 1Cso transistors for too long or damage from overheating may occur,
Never solder when power is applied.

Insert and solder into place the 4 or 6 digit drive transistors. The board has been drilled to accept BC187 or BC213. if a unit with a different pinout is used then refer to makers data
Insert large smoothing capacitor (C1), being sure to check that it is the right way round. Solder into place

Insert and solder IN4O0O1 (D1), again being careful about polarity. White band on diode indicates positive end )
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inputs. address,
HOLD By connecting 50Hz to Vdd. DualIn-Line Pack. Break their track next to legend “MH!-5309
100K between X & Y (R16). S e ) on rear of PCB which connects Y to Vdd.
¥4 connected to Vdd to disable display. [ n
MM5318.

F -
J oS As MMS5311 except pins 26,27 and 28 which
~n e

3

3

"

..

[.Z

TPyt ERARL

on
L]

o

o

PIN CONNECTIONS.

MM5309.

As MM5311 except pin 16 is reset.

digit select lines
(X-26.Y-27. 7-28))

ANY Tt CATE
Vo o SV

Wt

USES Vecoeiat

ovtruts

.
MMSE309— Stop watch or applications requiring a - E
,

.
.
"
e
1
S

ANY T400 GATES
Veco SV

e eoyr

reset 10 zero function on both BCD & 7 T eastur

seg outputs,
MM5311— General purpose clock chip interfacing t0 . veunsececr 23

Acus

i

o somser

"
TTL or MOS { " at

MM5318— For applications requiring external digit an S sy (XN

selections such as micro-processors,

printers. Interfaces with MM5841 TV
time display chip
For Vig = 95, Voo = -1, R 1040

Voo Foi Vea* «10 10 17V, ¥, 3 =CND R = 00

MOS to Low Mower TTL Intorface

. .. e R h o I
electrical characteristics T, within operating range. Vs = +14V. Voo = OV, unless otherwise specified. £ DR
Nt . Dugt salect wail dimwe TTL duachiy when +5, - 12 msplors sie wwed,

MOS to TTL Interface

7

PARARIETER CONDITIONS TYP UnNITS

Power Supply Voltage Vgs (Vpp = OV} 14 v
Power Supply Current Vgs = +14V (No Dutput Loads) 8.0
50/60 hz Input Frequency

vl | BYWOOD ELECTRONICS

Logical Low Level

Multiplex Frequency Determined by External R & C K 68 E BBE R N s R OA D

Al Logic inputs

Logical High Leve! I 120k €2 R V. v
cgical High Leve nterns exstor 10 Vg 4 . v HEMEL HEMPSTEAD

Logical Low Level
BCO and 7-Se Ou

Lo‘g’::al HI::::::l o Loaded 2k{1 to Vpg g X MA sourus H E RTS 9 H P3 9 QR c
Logial: Low Level mA source

Oipt Ensbte Outputs ... 0442 62757

Logical High Levet . mA source
Logcat Low Levet Loaded 10052 to Vg | . MA sink
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AUDIO LEVEL METER

Peak and average audio levels are indicated by a bar of |ight.’

HIGH-POWER amplifiers usually
incorporate meters to indicate the
output-power levels in each channel.
These meters are often called VU
meters but in most cases they resemble
proper VU meters only in the way
they are scaled.

A professional VU meter is the
industry standard for measuring the
levels of complex music waveforms. It
has a scale marked from —20 to +3 VU
(on a steady state signal VU
correspond to dB) where ‘0" VU
corresponds to a level of one milliwatt
into 600 ohms. The meter has a
carefully controlled time constant
such that if a reference tone level is

applied the pointer of the meter will
take 0.3 seconds to reach 99% of the

reference level, and will then

overshoot by not more than 1.5% and
not less than 1.0%.

. The professional VU meter is thus an
instrument that has been designed to
give a reasonable compromise between

indicating the fast peaks and the
average levels of a complex music
waveform.

In contrast the meters fitted to some
amplifiers have scales calibrated in VU
but usually relying on the inertia of
the meter movement to provide meter
averaging. Apart from this thé 0 VU
point corresponds to the rated power
output of the amplifier — not to 1 mW
into 600 ohms (equivalent to 76 mW
in 8 ohms). Strictly speaking therefore
such meters should be called level or
power meters, not VU meters.

Even the best of such meters are not

Supply voltage

Supply current

Input sensitivity
(VU meter)

Indication
Attack time

Release time
A\

SPECIFICATION

20 to 32 volts dc
15 to 20 volts dc

16 mA dc approx,

500 k/v
8 LEDs 3 dB apart
1ms

0.5 sec.

ELECTRONICS TODAY INTERNATIONAL—MARCH 1976

fast enough to indicate accurately the
peak fevels which occur in music and
hence are useless for detecting the
onset of amplifier clipping. This is vital
as at clipping amplifier distortion rises
rapidly. .

One alternative is to use in addition
to the level meter a clipping indicator
that detects fast peaks which exceed a
preset level. The ET! 417 OVER-LED
project (Nov. 73 issue) was such an
instrument — it flashed an LED when
a music transient exceeded clipping
level. .

The circuit described in this project
is best described as a ‘level meter’. [t
uses an array of LED diodes set to
illuminate at successively higher
increments in music level. With this
type of display an estimate can quite
easily be made of channel balance, and
all transients, no matter how fast, are
detected and indicated.

A
DESIGN FEATURES

The ETI 438 Level Meter can be
arranged to indicate levels either in
'VU meter’ format or in output power
format. In the ‘VU-meter’ format the
eight diodes light at 3 dB intervals
from —18 to +3 VU where 0 VU
corresponds to the nominal voltage
required. Alternately as a power meter
(remember that an amplifier cannot be
driven beyond the clipping point) the
top LED indicates maximum power
and each lower LED indicates half the
power of the one above it. The LEDs
of the meter, could thus be labelled,
for example (for a 100 watt amplifier)
100, 50, 25, 12.5 watts etc.

The fast attack time of the meter

17




AUDIO LEVELMETER

i

Fig. 1. Circuit diagram of the level meter.

12

+Ve

R12

@ @3;@ )

5| 1c2/1
ZD1 Z R13 +
5.1V & 2«7
38V L 6~
Ic2/2
7‘+
8 —
Ic2/3
=
' 107~
16 | 1c2/4
1k b
4 —
e 5| 1€3/1
R10 < R17 +
100k < 680
1.3V 6~
5| re3r2
R18 +
560
1.05V 8 =
: ! 9| 1€3/3
(240 R19 +
390
+Ve ol 1 087v_L 101~
6
IC3/4
5 R20 "
820 s

oV
POWER
LED1 INPUT
20-32 Vdc
= 15-20Vac
2 D3
LED 2
Zy +| ¢cs5 e
47.F 35V (SEE TEXT)
1 220uF 35V
LED 3 CcOM
Y.
14 +Ve
13
2
1
14 NOTES
lcrzI |1s4 Lgnsgoo
Pl IS +Ve
Liig PIN 7 1S OV
1C2,3 ARE LM339
13 PIN'3 IS +Ve
PIN 12 1S OV
@ D1-D2 ARE 1N914
D3 1S 1N4001

LED1-8 ARE TIL209

VOLTAGES GIVEN ARE OF

THE PROTOTYPE BUT SHOULD
BE TYPICAL MEASURED WITH
25Vdc SUPPLY AND NO INPUT

SIGNAL

HOW IT WORKS — ETI 438

Although the circuitry of the level
meter looks complicated the
complete instrument only uses three
ICs. These are an LM3900 which is a
quad amplifier and two LM339s
which are quad voltage comparators.

The input signal is amplified and
buffered by ICI/3 to provide about
2.5 volts out'at 0 VU input. The
value of RS is selected to give the
sensitivity required for amplifiers of
different power outputs. The gain of
this amplifier is equal to the ratio of
R9/RS.

A positive peak detector, IC1/1,
and an inverting negative peak
detector, IC1/2, give an output which
represents the absolute peak level.
Capacitor C3 and resistor RI10
provide the peak hold and decay
time. 1C1/4 provides compensation
for the 0.6 volt offsets of the

" LM3900 inputs.

The eight comparators are
connected to a resistor divider chain
the top of which is fed from a 5.1
volt supply which is stabilized by a
zener. The resistor values are
calculated to provide reference
voltage steps at 3 dB intervals. The
output of the detector is applied to
all the non-inverting inputs of the
comparators.

The LEDs are all connected in series
and supplied with a constant current
of 10 mA by the source consisting of
Ql and Q2. The outputs of the
comparators are via open collector
transistors which are “ON” if the
input is lower than the reference
voltage at the particular comparator
input. With no input signal at all the
comparators are all on thus shorting
out all the LEDs so that none is on.
As the input voltage rises the

comparators turn off in sequence
allowing the 10 mA to flow through
the LEDs. Thus as the voltage
increases a bar of light of increasing
height is formed by the LEDs.

The current drawn from the power
supply is about 16 mA and is
independent of the number of LEDs
which are on. Supply voltage is not
critical and may be anywhere
between 20 and 32 volts. Providing
the supply is between these limits the
unit will also be insensitive to supply
ripple. When working from a dc
supply a 47 microfarad filter
capacitor is required but if an ac
supply is used then the capacitor
should be increased to 220
microfarad to minimize ripple. A
single diode is used to both rectify
the ac input and to prevent dainage
due to accidental reversed polarity if
a dc supply is used.

18
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PARTS LIST — ETI1438
szé Res_i’stor 68 ohm W 5%

1 390 ohm W 5%
R18 " 560 0hm %W 5%
R17 " 680 ohm YW 5%
R20 " 820 ohm %W 5%
R16 " 1k YW 5%
R15 " 1k5 W 5%
rR1a " 2k2 W 5%
R13 " 2k7 LW 5%
R12,22"  3k3 LW 5%
R6,10,11 Resistor 100k W 5%
R1,2,7,8 ) IM %W 5%
R3.4.9 00 See Table 1 2W 5%
RS " See Table 1 12W 5%
C1,2,3,4 Capacitor 1F 35V
*C5A " a #F 35v
*C58 o 2200F 35V

* use 47 [F for dc operation 220 UF
for ac operation

{C1 Integrated Circuit LM 3900

1C2,3 Integrated Circuit LMW 339

D1,2 Diode IN914, BA318 or similar

D3 v 1N4001 or similar

ZD1 Zener diode 5.1 Vv 400 mW

Q1 Transistor BD 140,
" BC177,

LED 1-8 L.E.D. TIL209 or similar
PC board ETY 438

auTRUT

LURRENT

MIRROR
v INPUT DY INPUT AT INPUT A QUTPUTA QUTPUT} INPUT 3
lll 17 l|1 " 10 * )
—1 |
2

| ey
1 P l 3 . B 0 1
INPUT AT INPUT 20 INPUT 7 DuTPUTZ OuTPUT Y INPUT T L1

TOF VIEW

Fig.4. Internal circuitry and pin
connections of the LM3900 IC.

LED ?

LED 8

R3 _}{Z -+
Mol 1c2 +
o 1 1 T [ Dueos
»> i
‘:iDLsotx
3 )
[_#5 ] . {77} ‘—jDLEDS
S rlelele ' LED 6
e Ic3
« —D
—D

Fig.2. Component overlay using BD140 for Q1.
Circled diagram shows use of alternative BC640

*INPUT

-tNPYT O

ouTPuT

s [ J_
QUTPUT ) DUTPUT A GNOD INPUT 4-  INPUT & INPUT - iNfPUT ]
= = 1 1 2 1 3 [
Fig.3. Internal circuitry and pin I
corrections of the LM339 IC.
QUTPUT 2 OUTPUTI v INFYUT T INPUT INPYTY 2 tNPYT 2
10P VIEW
19

ELECTRONICS TODAY INTERNATIONAL—-MARCH 1976



‘AUDIO LEVEL METER

‘(less than one millisecond) ensures
that even very short transients are
detected, whilst the relatively slow TABLE 1B — POWER METER
release time (0.5 seconds) provides a FSD=0dB
reasonably-accurate, average — level R3, 4 and 9 are 100 k
indication.

In most previous designs for such POWER OUTPUT VALUE OF R5
meters, discrete transistors were used IN WATTS 4 Ohms 8 Ohms 16 Ohms
to build level detectors. Temperature 5 150 k 200 k 270 k
effects and variations in gain led to 10 200 k 270 k 390 k
inaccuracies and to calibration dif- 15 240 k 330 k 470 k
ficulties. These problems have largely 20 270 k 390 k 560 k
been overcome in the ETI 438 meter . 25 330 k 430 k 620 k
by using the LM339 IC which contains 30 360 k 470 k 680 k
four accurate level detectors in one 40 390 k 560 k 820 k
package. Additionally the LM339 also 50 430 k 620 k 910 k
has an open-collector output stage 75 560 k 750 k 1.1M
which enables a constant current 100 620 k 910 k 1.2M
supply for the LEDs to be used. Thus 150 750 k 1T.1M 1.5M
the current and LED brightness are the 200 910 k 1.2M 1.8 M
same no matter how many LEDs are 250 ™ 15M 2M
alight.

If required the interval between R5=32+/ PR  Where P = power in watts
LEDs may be altered by changing the R = speaker impedance in Ohms.
values of R13 to R20. Thus for
example, a 6 dB interval could be

used. Additionally the display could
be extended to 12 or even 16 diodes
by adding comparators and LEDs and
by substituting another divider chain

Itage 32V
for R20 (values would have to be vo g
calculated for the levels required). The bl Cutrent 9 s BRIl SENSITIVITY VALUE OF R5*
" . oltage gain 2800 V/V typical

positive inputs of the comparators Input current 50 mV 22 k
would also be fed from C3 and R10. range 1uA — 1 mA 100 mV 47 k

A separate current source would be CUr [SElRES 0.9 — 1.1 at 200 250 mV 120 k
required as there is insufficient supply ;lA ’ 500 mV 220 k
voltage available to light 16 LEDs in Bias current 30 nA typical 1V 470 k

series, If the bottom LED in such a
system indicates a level more than 30
dB down it may also be necessary to

SPECIFICATION LM3900

Maximum supply

Output current

capability 18 mA source

TABLE 1A — VU METER
FSD =+3dB
R3, 4 and 9 are 1 megohm

*Sensitivity equals R5 x 500 000
ohms.

. : . typical.
use a trimpot as the bottom resistor of 1.3 mA sink .
the second divider chain to adjust for typical construction is greatly simplified by

offsets etc. , .

The LM3900 is a quad differential
amplifier which uses a current
balancing technique at the input rather
than the voltage balancing that is used
with conventional operational
amplifiers. Both the inputs ““look’’ like
the base-emitter junctions of normal
transistors and both are at 0.6 volts
with respect to ground. The currents

The LM339 is a quad voltage
comparator where the output of each
is an NPN transistor which has an
unterminated collector and its emitter
connected to ground.

SPECIFICATION LM339

Maximum supply

using the printed-circuit board
specified. The usual precautions with
polarities of components, such as
capacitors, diodes, |Cs and transistors
should be observed. Some care must
be taken when mounting the LEDs in
order to obtain even spacing and good
alignment. The long lead of the LED
should be inserted in the hole furthest
from the edge of the board. Put a

into the two inputs must be equal if voltage 36V slight curvature in the leads so that the
the output of the amplifier is to bein  gyppiy current 0.8 mA typical LEDs can be aligned against the edge
the linear region. In the case of 1C1/3 Voltage gain 200 000 V/V of the board (see photo). Take care
the current into the positive input is typical not to bend the leads too often or too
set at about 12 microamps by R3and  (Offsett voltage 2 mV typical close to the body of the LED as the
R4. Current into the negative input is  Bias current 25 nA typical" leads break very easily. )
provided from the output by RO. If  Response time 1.3 uS typical

the current into the negative input is
too low the output voltage will rise
thus increasing the current into the
negative input wuntil balance is
achieved. This self balancing ensures
correct static biasing.

Gain is obtained by feeding a signal
into R5 which adds or subtracts
current into the negative input. For
‘the amplifier to remain balanced there
must be a corresponding shift in
output voltage. The voltage gain is the
ratio of R3 to Rb5.

20

Output sink current 16 mA typical
Input common-
mode voltage

range 0to (VY — 2volts)

CONSTRUCTION
The meter will most likely be
mounted in an existing amplifier or
piece of equipment and for this reason
the board construction only is given.
Layout of components is non-critical
but, as with any multiple IC device,

CALIBRATION

Resistor R5 is selected from Table 1
and this will ensure a result within 10
percent of that required. Greater
accuracy may be obtained by using a
variable potentiometer,in series with
R5. To adjust this potentiometer
inject a signal (around 1 kHz) equal to
0 VU (VU meter) or maximum power
(E = +/RP, e.g. 4 ohms and 100 watts,
E = 20 volts) and adjust such that the
second top LED (VU meter) or the
top LED (power meter) just lights. @
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The only

6 Function L.E.D. Watch Kit

in the world . .

SABCHRON DIGITAL

Probably the only six-function LED watch kit available today.
the Sabchron Digital offers more features than many other LED
WATCHES. At the touch of a single button you see the exact
hour, minute, second, month and day-of-month PLUS an
automatic date change memory which remembers whether the
month contains 28, 30 or 31 days. Also, an AM/PM indicator
which lights up while setting hours

HOURS/MINUTES

U
L
m

MINUTES/SECONDS

Ly
(g
.
~J

DATE

AM/PM INDICATOR

ar] N
Tim

NEW CMOS IC CHIP

Containing the equivalent of over 1,500
transistors, this new IC chip features STATIC-
PROTECTED TERMINALS — this means the IC
can be handled safely with bare hands. It
contains all the logic, decoding, multiplexing,
display drive and counting circuits on a single
silicon slice 1/50 square inch.

QUARTZ CRYSTAL
ACCURACY

The heart of the Sabchron Digital is a quartz crystal which
provides a basic frequency of 32,768 Hz. This frequency is
tuned to * 2 parts per million via the trimmer capacitor and
is divided in half 15 successive times to provide one
incredibly accurate pulse every second. This means a
timekeeping accuracy to * 5 seconds per month. Careful
adjustment of the trimmer can bring this accuracy to
within = 1 second per month or * 12 seconds per year!

* ORDERING INFORMATION

All prices shown in British £'s are approximate equivalents of the
following U.S. Dollar prices. Complete watch kit (less case and
pracelet) $38.00; Goid-plated case only $12 00. Total $5000
postpaid via registered airmall to customers in U K. Eire and Canada
Other countries please add $3.00 additional for postage/ packing
REMITTANCE BY BANK DRAFT or INTERNATIONAL MONEY ORDER
IN U.S. DOLLARS (available from all banks and national Giro offices)

sabtronics
NTERNATIONAL
P.O. Box 64683, Dallas, Texas 75206, U.S.A.

Tel. (214) 369-7309
Business hours: GMT 15.00 to GMT 24.00 Hrs.

if you require any additional information please send S.A.E and 2
International -Reply Coupons

ELECTRONICS TODAY INTERNATIONAL—-MARCH 1976

ooy £18.957

AUTOMATIC
LED BRIGHTNESS

The Sabchron Digital features a special light sensor

circuit which automatically adjusts LED display

brightness according to varying fight levels thus

conserving battery power. In a bright room the display

brightens; in a dim room or darkness the display dims
a feature not found in many other LED watches.

COMPLETE KIT

Contains all the components needed to build this
space-age watch module, including solder, batteries
and easy to follow assembly manual. If you can use a
fine-point soldering ron and follow step-by-step
assembly instructions, you can build the Sabchron
Digital. If you have any problems, remember we re only
as far as your nearest mailbox or telephone

PLUS THESE OTHER

FEATURES

year with normal use.

or date lines

The above price does not
include a case or band. A
gold-plated case as pictured
(without bracelet) is available
for £6.95. Note: The case is
gold-plated; not “‘gold-tone

“"gold-colour’" or plastic. Ele-
gantly styled and only slightly
larger than a conventional
watch, it i1s shown here actual
size. Wear a time computer that
looks like a watch, not vice
versa. Cut out this case outline
and try the size on your wrist

* Shock-protected, anti-magnetic

* Low component count — IC, LED package, Quartz
crystal tnmmer, photocelt and two chip capacitors

* Universal module size — fits many LED watch cases
(optional gold plated case available}.

* Easy time and date resetting — you can change the
ume or date without affecting the accuracy of other
functions. A very useful feature when crossing time

Long-life silver-oxide power cells last up to one full

OPTIONAL GOLD-PLATED CASE

COMPARE THE FEATURES OF THE SABCHRON DIGITAL TO OTHER
LED WATCHES — THEN ASK YOURSELF WHAT OTHER LED WATCH
OFFERS SO MUCH AT SUCH A REASONABLE PRICE. MAIL THE
COUPON TODAY.

r———————————————————

Sabtronics International, P.O. Box 64683, Dallas, Texas, 75206,

U.S.A. Tel. (214) 369-7309.

Please send via Airmail

6-function LED watch kits. Enclosed is a [ ] Bank draft [] International

Money Order for U.S.$ total
NAME

ADDRESS

(quantity) Sabchron Digital

(country) I
(eti/uk1)



" | ' — NEW SPECIAL
TELETYPE 28 PRICE

TELETYPE 28 with housing,
keyboard and Power supply
£45 ea.

Ex BEA

Control Units by Univac.

TELETYPE 28 without key-.
board. Good condition (can be -
used as receive only) £32.50

Limited quantities — information in process of being obtained —
this may not be available when orders are dispatched but we
guarantee to forward comprehensive information at the earliest

possible time.

electrical

Consisting of 2 -50way plug/sock-
et; 3 multiway switch assembly; a 2
& 4 decade push button assembly
reset;
value. £12.50 each.

etc. Very good

ALWAYS A LARGE QUANTITY OF TEST EQUIPMENT,
SPECIALISED UNITS, CHASSIS, ETC.

CALL AND SEE

FHACHI RAMP MODULE
FX21. 24 Volt DC input for 18 volt
saw tooth output. Requires only
external capacitor and 100K ohm
potentiometer to control frequency
range up to 100KHZ (eg 50 mid
electrolytic gives sweep of approx 1
cm per second). In or out sync
capability. Price £5.75. P.&P. 20p.

EX-MINISTRY CT436 Double
Beam Oscilloscope DC-6 megs.
Max Sensitivity 10mv/cm. Small
compact. Size 10 x 10 x 16 in.
Suitable for Colour TV servicing.
Price £85 each including copy of
manual.

FHACHI VCO MODULE FX11,
— 10HZ-100KHZ. Size 2 x 1% x
%' H. Input 12V to 24V DC (not
centre tapped}, 18V input giving
10V constant amplitude output.
Requires only 1 meg ohm poten-
tiometer to tune entire range — or
can be swept with a saw tooth
input. Price £5.75. P.P. 20p.

SOLARTRON OSCILLOSCOPE
TYPE CT316. DC — 6 mc/s. Size
8% x 11" x 20". Very fine
condition 1n Ministry transit cases.
Complete with copy of manual.
£45 each.

GRATICULES. 12 cm by 14 ¢m. in High Quality
. 8p.

plastic. 16p each P, &4 P,
+PANEL mounting Iamp holders. Red or green. 9p e,

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand new. Single or |
Doubte sided. Any size 1ip per .
_sa. in. _Postage 20p_per order.

#LIGKT EMITTING DIODES (Red) from
Hewlett-Packard. Brand New. 38p ea.
Information Sp. Holders 1p.

METERS by SIFAM type M 42, 25_0-25 micro

amp Scated 25--0—25 green, 250—0—250 red,
finear As new £2.95es.P &P 37p.

BLOCK PAPER CAPACITORS AVAILABLE. S A £
wath requirements

*PHOTOCELL equivalent OCP 71 13p ea

12" CRT MAGNEYIC DEFLECTION. Blue
Brand new,

Trace, Yellow Afterglow (P7).
boxed. £4 each. Carriage £2.

LOW FREQUENCY

ANALYSER
50Hz—50kHz B
ASSEMBLY AND INSTRUCTION
INFORMATION S.A.E.
PRICE £27.P. & P. 75p
Board, modules and all

'

* TELEPHONES

MODERN STYLE 706. BLACK OR
TWO-TONE GREY, €3.75 each. P. & P. }'
45p. HANDSETS — complete with 2
insets and fead, £1.25 each. P. & P. 37p.
DIALS ONLY, §0p each. P. & P. 25p.

MODERN STANDARD TELEPHONES IN
GREY OR BLACK WITH A PLACE TO PUT
YOUR FINGERS LIKE THE 746. £3.00
each. P. & P. 45p.

RELIANCE P.CB. mounting. 270:
500 ohms: 10K at 35p ea. ALL B RAND NEW >

VENNER How Meters—5 digit. wall_ mount* |

—sealed case. Standard mains. £3.75 es .
P.& P.65p. S
TRANSFORMERS. ANl standard inputs.
Gard/Parm/Part  450-400-0-400-450. 180
MA.2 x 63v £3 ea.

'ﬁ'rmnlmn 2 meg. log pots. Current type. 18p

INSTHUMENT 3in. Colvern 5 chm 35p ea.: o
50K and 100K 50p ea.

FANTASTIC VALUE
Miniature  Transformer. Standard 240V
nput. 3Voit 1 amp output Brand New

*CAPACITOR PACK 50 Brand new components
only 80p. P.&P. 27p.

*P.C. MOUNT SKELEYON PRE-SETS.
Screwdriver adjust 10. 5 and 2.5M a 2pea.
IM. 500. 250 ang ZbK 09 ea FI%B' ad-
just 10. 5 and 2.5M @

and 25K @ Sp ea. MinP. & P

ﬂw FEED THRU CAPACITOHS. Only
solid n packs of 10—30p P & P 15p
RECTANGULAR INSTRUMENT FANS.
American Ex-equ. Size 41 x 4} x 1§ 115
Voit. Very quiet £3 es. P.&P. 47p

DELIVERED TO YOUR DOOR 1 cwt of
Electronic Scrap chassis __boards. etc. No
Rubbish. FOR ONLY £4.50. N. lreland d £2
extra.

P.C.B. PACK S & D. Quantity 2 sq. h.—no
tiny pieces. $0p plus P. & P. 20p

ATRIMMER PACK, 2 Twin 50/200 pf cersmic; 2
Twin 10/60 pf ceramic: 2 min strips with 4 preset
6720 pf on each; 3 air spaced preset 30/ 100 pf on
ceramic base. All BRAND NEW 28p the LOT. P.&P.
“15p.

ALMA precision resistors 200K: 400K 497K

998K: 0-1% 27pea.: 3-25K, 5-6K, 13K-0.1%
20p ea.
BOURNS TRIMPOT POTENTIOMETEHg:

20: 50: 100:200; 500 ohms: 1;2:2.5:5
25K at 38p ea. ALL BRAND NEW

+HIGH-VALUE—PRINTED BOARD PACK.

Hundreds of components, transistors, etc.—no
two boards the same—no short-leaded transis-
tor computer boards £1 78 post pad

Large quantity LT, HT. EHT transformers and
chokes.

*Vast guantity of good quality components
PASSING TRADE—so we offer

3 LB. of ELECTRONIC GOODIES
for £1.70 post paid

*CRYSTALS. Colour 4 43MHz. Brand New. £1.28
ea. P.&P. 15p

Mv-‘mm!l:ﬂ)p'
Brand new. Qty 1-9 13pea P & P 15p;
10-99 10p ea. P & P 25p: 100-999
Tpea.P & P.free

HF Crystal Drive Umit 19in. rack mount.
Standard 240V input with superb crvs(alnvan
by Labgear (no crystals) £5 ea. Carr. £2-

+AB, POTENTIOMETERS LIN, 100K +
100K DUAL GANG. 28p each. Discount for
quanteties. P & P. extra.

*METER PACKS — 3 different meters
for £2. P.&P. 55p.

= N 65p each P. & P. 20p. Discount for RELAYS RESETTABLE COUNTERS—4 digit
components (excluding P.U.). quanuty. Varley VP4 plastic covers 4 pole c/o 15K— by Stonebridge/Sodeco. 1000ohm
BB D coil. £2 ea. P.&P. 35p.
, LOW FREQUENCY WOBBULATOR
DONTFORGET For alignment of Receivers, Filters etc. 260KHz to 6 MHz, effective to 30 MHz on harmonics. Three controls—RF level
YOUR MANUALS sweep, width and frequency. Order LX63. Price £8-50 P. & P. 35p.
As above but'can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price £11.50
S.AE WITH P. & P. 35p.
Both models can be used with any general purpose oscilloscope. Requires 6.3V AC input. Supplied connected for autormnatic
REUU'REMENTS 50Hz sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability, with
the exception of the controls (not cased, not calibrated).

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

in four ranges. Wien bridge oscillator thermistor stabilised. Separate
independent-sine and square wave amplitude controls. 3V max sine,
6V max square outputs. Completely assembled P.C. Board, ready to use.
9 to 12V supply required. £8-85 each. P. & P. 35p. Sine Wave only
£6-85 each. P. & P. 35p.

WIDE RANGE WOBBULATOR

5 MHZ to 150 MHZ (Useful harmonics up to 1-5 GHZ) up to 15 MHZ sweep width.
Only 3 controls, preset RF level, sweep width and frequency. ldeal for 10:7 or TV
IF alignment, filters; receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

All this for only £6.75. P, & P. 35p. (Not cased, not calibrated.)

MAKE YOUR SINGLE BEAM SCOPE INTO A~
DOUBLE WIiTH OUR NEW LOW PRICED
SOLID STATE SWITCH.

2 HZ to 8 MHZ. Hook up a 9 volt battery
and connect your scope and have two traces
for ONLY £6.25. P. & P. 25p.

STILL AVAILABLE our 20 MHZ version at
£9.75.P. & P. 25p.

TRANSISTOR INVERTORS
TYPE A TYPE B TYPEC

Input: 12V OC Input: 12V DG Input 12V to 24V OC
Output: 1 3kV AC 1.5MA | Output: 1.3kV OC 1.5MA {0utput: 1.5kV to 4kV AC 0.5MA

Price £3.45 £4.70 Price £€6.35
Postage & Packing 36p

TYPED
Input 12V to 24V OC
Output: 14kV OC 100 micro amps at 24V
Progressively reducing for lower input voltages

Price €11

Price

Unless stated — please add £2.50 carriage to all units
VALUE ADDED TAX not included in prices—Goods marked with * 25% VAT, otherwise 8%

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9am to 5.30pm Mon to Sat.

—IGEHILTIMEAD L

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/659I6
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SO

ning soon...
TOP PROJECTS

No

Over 100 pages, packed with some of the best projects from ETI.
No 1 is now a complete sell-out, No 2 is going like hot cakes. No 3
is due for publication in coincidence with the April issue...look out
for details. £1.00+20p postage

Pulsar shows the time 0.7in high on bright
Planar Gas Discharge displays {(there is a
brightness control on the back). The dot on
the left of the display shows AM/PM, and
the flashing (1Hz) colon shows that the
alarm and clock are working

A bleeper alarm sounds untii the clock is

PULSAR,£13.9

WE ARE REPEATING OUR SPECIAL OFFER ON THIS DIGITAL tipped forwards. Then the “snooze™ facility

ALARM CLOCK. WHEN WE RAN IT LAST YEAR IT PROVED TO BE ot ol [ W Sl b

ONE OF OUR MOST SUCCESSFUL OFFERS EVER! OUR PRICE minutes, etc, until you switch the alarm off.

INCLUDES VAT AND POST & PACKING. The clock also features a mains-failure
) indicator.

We have a large number of units in stock for
this offer but please allow 28 days for
delivery.

PULSAR OFFER
ETI MAGAZINE
36 Ebury Street,
\! 7 London SW1W OLW.,
| enclose cheque/P.O. for £13.95 (pay’
able to ETI) for a Pulsar Alarm Clozk.

Those not wishing to cut their magazine
may order on their own notepaper.

Full size = 5in across and 3%in deep.



CANNIBALS and
MISSIONARIES

— the final river crossing rob/e

HERE'S a
problem provided for people with
painstaking propensities. It's an
electrical model of the puzzle which
goes like this:

Three missionaries and three
cannibals come to a river they want to
cross. A little boat at the bank will
carry only two people. All the
missionaries can row, but only one of
the cannibals can row — he'd been to
Oxford. He also wears a red shirt! If
at any time, on either side of the river,
cannibals outnumber missionaries then
the cannibals will eat the missionaries,
which, understandably, the
missionaries don’t want. Problem: how
do they cross safely?

In the model shown in Fig.1 the
missionaries are represented by three
switches M1, M2 and M3, and the
cannibals by three switches C1, C2 and
C3. The missionary switches have
white levers. Two of the cannibal
switches have black levers, but the
switch representing the cannibal who
wears a shirt and learned to row at
Oxford - C2, has a red lever.

By operating the switches to

represent crossings of the people
involved — never more than two at a
time as that’s the limit of the boat,
you try to solve the problem. If at any
time a situation arises where, on either
bank, cannibals outnumber
missionaries then an aldrm sounds and
you've failed.
- The circuitry detects situations
where cannibals can satisfy their taste
for eating missionaries, but it does not
detect cheating — such as putting three
people in the boat, or allowing a
cannibal who can’t row to be in the
boat on his own.
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particularly perplexing,

CONSTRUCTION

The prototype was assembled in a
plastic box 140 mm x 100 mm x 75
mm high with an aluminium front
panel. Modern telephone-type key
switches were used each having four
changeover switches on each side of
the switch.

Figure 3 shows the bottom view of
one of the switches and how its
terminals are laid out. It also shows,
by means of the arrow-headed lines,
which terminals connect with the
moving parts of the switches. The
eight changeover switches which
comprise one key switch have been
lettered a to h for convenience and to
tie in with the lettering in Fig.2.

Note carefully that the switches in
Fig. 3 are shown making the circuits
which they make when the switch
lever is in its central position. When
the switch lever is moved from the
central position to the start side of the
river it changes over only the switches
on the opposite half of the switch —
i.e. switched a, b, c, d. When the
switch lever is moved from the centre
position to the far side of the river it
changes over only switches e, f, g, h.

These key switches can be bought
with push-on handle covers of various
colours. The prototype used white
covers for the missionaries, black for
two of the cannibals, and red for the
cannibal C2 who wore a shirt {(and
went to Oxford}.

Although key switches each
containing a total of eight changeover
switches were used in the original,
actually it is only the missionaries who
need all eight switches. The cannibals
need only five changeovers, but it was

ELECTRONICS TODAY INTERNATIONAL--MARCH 1976

Designed by A.J. LOWE

4l £Fi 803

HOW IT WORKS
The vircuit is u switching  logic
circuit. See lig. 2. The cell -und
buzzer are between the outer vertical
rails, and if .ever a way between these
two rails is set up by the switchas
then the alarm sounds. The circuit
shows all the switches in the startirg
position i.e. all the missionaries ard
cannibals are on the near-bank. Noe
that when any person goes over the
river all switches changeover. The
customary dotted tines showing the
connections  between coupled
switches have been  omitied for

clarity. Thus, it M1 crosses the river

switches M1a, M1b, Mlc, Mtd, Mle

MIt, Mg and M1h all changeover.
You cun work out the circuits tor

the alurm to sound. Here are three
examples. Suppose all three canniba's
stay on the start side and Mt goes
over. Then the cannibals outnumber
the missionaries on the start side and
so the alurm sounds - through C2b,
C3b, Clb, M2d, M2¢ 4nfl Mtd whiea
has changed over:

Similarly, it M2 went over along
then the alarm:would sound throug1
C2b, C3b, Clb, M3d, M1d. M3b and
M2a which has changed over.

And if M3 went over alone the
alarm sounds through C2b, C3b, ClE,
Mlc; M2¢, Mld and M3b which has
changed over.

You tun check all the ‘wlarm should
sound’ configurations on each bank
of the river by visualising an alarming
situation cannibals outnumbering
missionuaries, and  then tracing
through the switches to find a circuit.
Similarty the ‘alarm  should po
sound’ circuits, or rather ‘no’ circuits
can be checked in the same way.




FINISHING SIDE OF RIVER

B S S
—o/._

b o— d o—
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el

STARTING SIDE OF RIVER

Fig. 3 Terminal layout on standard key
switch with four changeover on each half,
Contacts shown as being made in this diagram
are with the lever in the central position.

thought simpler to buy six identical
switches.

Those with access to disposal stores
could probably buy enough old style
key switches comparatively cheaply,
to build up the necessary number of
switching functions needed.

The panel aperture dimensions for a
standard key switch are shown in Fig.4.

The buzzer alarm and battery holder

@

@

Cc2

CANNIBALS & M\SSlONARlES

-
. ® @ @
@...
® o 0@
=
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Fig. 1. The finished model. Lettering done with press-on letters on white Contact.

are all one piece — taken from a

bicycle horn.

Wiring must be done carefully — very
carefully! Bare wire was used in the
prototype. Figure 5 shows the wiring
diagram for the start side half of the
switches and Fig. 6 shows the wiring
of the other half. They are shown
separately to minimise confusion. As
can be seen from Figure 7, the switch

wiring needs considerable care. On
each of Fig. 5 and Fig. 6 one lead is
marked ‘To Buzzer’ and another ‘To
battery —ve’. These leads, i.e. both
buzzer leads are joined together and to
the buzzer; and both battery —ve leads
are joined together and run to battery
—ve.

When wiring up — work logically.
Start with switch M3 which is on the

PARTS LIST

Six standard phone type key switches
type 4CL/4CL which means 4 change-
over locking switches on each half of
the s[\)/wtch

e.g. oram lever key switch type
338-01 Y e

One buzzer and battery holder — ex
bicycle horn

One suitable box and panel

Hook up wire etc.

— 0295 e
(7-6mm)
| Le—0-068"
| {1-7mm)
APERTURE FOR ] I S
KEY HANDLE |
3 0480
(12-2mm) i
_ Y
¥ <
0-540 1-500"(38 mm)
(13-7mm)
B
oo f—- X
_).J 0-435" L,‘__\ =iy
(1imm) CENTRES
FOR 8 B.A. FIXING
SCREWS

Fig. 4 Dimensions of aperture needed and
hole positions for standard key switch.

BATTERY

o)
Gl C2a 4 M1a © W M2a
Ot @it i
C3a o [¢]
Wikie M1b
b-—o——*.—-l_/' M3b
M2b © ¢ o—9
GO 9— Fig. 2 The circuit
diagram with all
c2b © c3b © Cclb o switches shown with
< M o [¢) levers on the start
e i M1d side of the river
M2d © M3d
L_/ [
»_/’C1e * c2e M1e M3e M2e ©
4 o—o—-»o—qr—-o—»o—{
C3e kel
[
caf c3t_#* Oﬁlf/v“— —
mjo—-/
IM;V S
M2h 'V'3h/°
o——"
BUZZER
oA BuzzER Y
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>ANNIBALS and
MISSIONARIES

TO BUZZER

TO BATTERY —VE

-Z\

r — =t Fig. 5 Wiring on switches
on the start side i.e. on
switches ‘e’ to ‘h’ of each

M3 M2 M1 key switch.
TO BUZ2ZER
TO BATTERY —vj
ey ™~ il e B gu— -—
—— s = — —— ama—
. -— = # — m— -— — a——n
LA ~— P — —_
' ==
Fig. 6 Wiring on switches
on finish side i.e. on
switches ‘a’ to ‘d’ of
M3 M2 M1 c3 c2 c1 each key switch
teft when the panel is upside down. making and checking connections to short connection between switches

Start with the top left hand terminal
and make all connections to it. Then
move down each terminal in turn
down the left hand row of terminals.
Proceed row by row to the right

each terminal. It's a good ided to cross
off with a pencil, each connection
shown on the wiring diagrams, as soon
as that connection has been made on
the switches. Be sure not to miss the

o

Fig. 7 Underside view of the panel.
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M3e and M3f.

If you wdnt to check through the
wiring diagrams, the circuit, and the
switch diagram — bear in mind that
the switch diagram shows connections
with the switch lever in the central
position, and the circuit diagram
shows the connections with the levers
in the start side position.

On completion of the wiring and
after insertion of the cell, the puzzle
should work. Check out all the alarm
situations on both banks and see that
the alarm sounds when it should. Also
check the no-alarm situations — i.e.
when cannibals do not outnumber
missionaries on either bank of the
river.

Fault finding is not as daunting as it
may appear at first. A logical working
through the circuit diagram should
help.to pin point any problem.

HAVE A GO

Having built the puzzle — try to solve
it. I1t's far from easy. If all else fails —
check the correct answer which is
hidden somewhere in this issue. )
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P.E. CAR CLOCK KIT AVAILABLE

Send s.a.e. for details/prices, etc.

ADVANCED ALARM CLOCK KIT

Complete kit including attractive shm case with perspex panel for 6 digit
alarm clock with bleep alarm. snooze and automatic intensity control, high
brightness display drving; uses MK50253 IC and Jumbo 0.5 LEDs Kit
also includes PCBs, active and passive components, IC skt min
transformer, switches, flat cable, loudspeaker, mains cable and plug Full
nstructions. Crystal control/battery back-up and touch switch snooze and
alarm are optional add-ons =~ . . £27.31

SIMPLE & ATTRACTIVE 4-digit CLOCK KIT

(As featured in January Everyday Electronics). Ideal kit for the less
experienced constructor. kit includes IC. pleasing %'’ green display with
colon, PCB, miniature transformer, siim white case with perspex front
panel, and all other components except mains cable and plug. Full
INSTIUCHIONS . . . . e e e e £15.89

CRYSTAL TIMEBASE KIT

All components including PCB (47mm x 59mm) to provide 50cps for clock
ICs giving time accurate to a few seconds a month. Kit includes PCB,
32 768 kHz mimiature watch crystal, timmer, 3 CMOS ICs and sockets,
Cs, Rs . . . . £6.28

STOPWATCH

Complete Kit for Stopwatch (as in December ET1): choose 6 digit range
from tens of hours to milliseconds Contents Verocase 75/1410J, red
perspex front panel. Manganese batteries, clips, transistors, diodes, wiring
pins, screws, sockets, pin-header, CMQS, resistors, capacitors, 5 12MHz
crystal. trimmer, PCBs, 6 x MAN3M displays With nstructions.
component layout, etc. . . - £31.80
STOPWATCH WITH ONE LATCH: As above. but kit also includes
faciity to repeatedly freeze one set of displays with count continuing on the
other set . £47.71
ADD VAT st 8% to all Prices in this advertisement. 15p P&P on orders under+3
Free on orders over t 3 Orders sent by 1st Class Post Exports No VAT 35p (Europe)
11 (Overseas) for Ar Mail PP (any excess refunded) Full Price List and Data with any
order or on request (phone or send 5.3 €.)

Dfficial Orders welcomed, written, phoned or telexed from Umivs Polys Nat Inds

Govt Departments Companies, etc Fastest Delivery for R&D.

53a Aston Street, Oxford
SINTEL

Tel. 0865 49791
Telex: 837650. A/B ELECTRONIC OXFD

CMOS

CMQOS from the leading manufacturers only

CD4000A 0.17 CD4028A 0.74 CD4053A 0.77 CDA086B 0.59
CD4001A 0.17 CD4029A 0.94 CDA4054A 0.95 (CD40898 1.27
CD4002A 0.17 CD4030A 0.46 CDA4055A 1.08 (D40938 0.66
CD4006A 0.97 (CD4031A 1.82 CD4056A 1.08 CD40948 1.53
CD4007A 0.17 (CD4032A 0.88 CD4057A 20.35 (CD40958 0.86
CD40G8A 0.79 (CD4033A 1.14 CD4059A 10.64 (CD40968B 0.86
CD4009A 0.46 CDA034A 1.56 CD4060A 0.2 CD40998 1.50
CD4010A 0.46 (D4035A 0.97 CD4061A 16.43 (CD45028 0.98
CD401iA 0.17 CD4036A 1.82 CD4062A 7.33 CD45108 1.12
CD4012A 0.17 (CD4037A 0.78 CD40638B 0.80 CDA4511B 1.28
CD4013A 0.46 (CD4038A 0.88 CDA4066A 0.58 CB4514B 256
CD4014A 0.83 CD4039A 2.86 CD40678 2.5 (CD45158 2.56
CD4015A 0.83 (CD4040A 0.88 CD4068B 0.18 (CD45168 1.12
CD4016A 0.46 CD4041A 0.68 CDA40698 0.18 CD45188 1.03
CD4017A 0.83 (CD4042A 0.69 CD40708B 0.18 (CD45208 1.03
CD4018A 0.83 (CD4043A 0.83 (CD40718B 0.18 (CD45278B 1.30
CD4019A 0.46 (CD4044A 0.77 CD4Q728 0.18 (CD45328 1.16
CD4020A 0.2 CD4045A 1.15 CD4073B 0.18 (p4s5548 0.74
CD4021A 0.83 CD4046A 1.10 CD4075B 0.18 (CD45568 0.74
c40224 0.79 CD4047A 0.74 (CD40768 1.27 MC14508 2.37
CD4023A 0.17 (CD4048A 0.46 CD40778 0.18 MC14528 0.86
CD4024A 0.64 (CD4049A 0.46 CD40788 0.18 M(C14534 6.04
CD4025A 0.17 CD4050A 0.46 CD40818B 0.18 M(C14553 4.07
CD4026A 1.42 CD4051A 0.77 CD4082B 0.18 MC14566 1.21
CD4027A 0.46 CD4052A 0.77 CD40858B 0.59 MCM14552 8.05

RCA 1975 CMOS Databook: 400 pages of data sheets and 200 pages of
circuits  apphcations and other useful information £2.67 (Add no
VAT —post free)
Motorola McMOS Databook (Volume 5, Series A)

£2.77 (Add no VAT -—post free)

CLOCK ICs DISPLAYS VEROCASES
MK50253 £5.60 DL704E 85p 75/1410J £2.64
MK50250 £5.00 FND500 £1.02 (205 x 140 x 40mm)
MM5314 £4.44 FND5000 96p 75/1411D £2.94
AY51202 £4.76 MAN3M 48p- (205 x 140 x 75mm) -
AY51224 £3.66 5LT01 £5.80 Fiat Cable
MK5030M £1250 LCD £9.40 20-way £1 per m.

DISPLAY PCBs (each fits neatly into Verocase J) for clock with 6 x
FND5QO, for clock with 6 x DL704, for counter with up to 8 x FND500, for
counter with up to 8 x DL704 these four are £1.35 each. for clock with 4
x FNDS5CO 90p.

IC SOCKET PINS. Lowest cost sockets for CMOS, TTL, ICs, Displays
Strip of 100 pins for 50p, 400 for £2, 1,000 for £4, 3,000 for £10.50.
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Sparkrite MK2 is a high performance. high quality. capaci-
tive discharge electronic ignition system

mik2

The tried, tested, proven, reliable, complete,
professional, capacitive discharge,

) E - mg W -
S R S LA S I R g S 0 e tt rn n It gn I t I n “ I

&

guaranteed transformer and components, cables. coil con
nectors, printed circuit board, nuts, bolts. silicorr grease

ORDER NOW

70 ELECTRONICS DESIGN ASSOCIATES DEPT ETH3
82 Bath Streat, Walsall, WS1 3DE. Phone 336_.

FROM Noms...

Because of the superb design of the Sparkrite circuit it
comptetely eliminates problems of the contact breakaer.
There is no misfire because contact breakes bounce is eli-
ninated electronically by @ pulse suppressioh circuit which
prevents the unit firing if the points bounce open at high
R P.M. Contact breaker burn is eliminated by reducing the
Eurrent to about 1/50th &f the norm. It will perform equally
well with new, old, or even badiy pitted points and is not
dependent upon the dwell time of the contact breakers
for recharging the system. Sparkrite incorporates a short cir-
cuit protected inverter which eliminates the problems of
SCR lock on and therefore eliminates the possibility af
blowing the transistors or the SCR. (Many capacitive dis-
charge gnitions are not completely foolproof in this re-

SPARKRITE MK 2 DIY Assembly kits @ £10.93 f spect )

SPARKRITE MK 2 Ready Built Negative sarth @ £1.88

SPARKRITE MK 2 Roady Built Pasitive sarth o £13.08
Ignition changeover switches @ £2.98

Sparknte can therefore give you -

up to 20% better fuel consumption. instant ail weather
starting cleaner plugs they last up to 5 times longer
without attention faster acceleration, higher top speeds.

A.P.M, Limit systoms in the sheve units @ {242

tonger coil and battery life efficient fuel burning and less
air pollution  smoother running, continual peak perfor-

1 enclose cheque/P.0.s for £

mance

Cheque No. ...

THE KIT-COMPRISES EVERYTHING NEEDED
Ready drilled pressed steel case coated in matt black epoxy

SAE i brachurs enly required}

resin. ready drilled base and heatsiak, top qualty 5 year

ELECTRONICS TODAY INTERNATIONAL—-MARCH 1976

full instructions to make the kit negative or positive earth,
and 10 page installation instructions

OPTIONAL EXTRAS

Elertronic R.P.M. limitation.

This can be included in the umit th sravent Cuer revvag,
an advantage to rmost companies, hire figms ‘ugh pyrfor
mance drivers etc.

Elertronic/convantional ignition switch

Gives instant changeover from ~Sparkate ‘gniton to.cor
ventional ignition for perforrnance cuinpansons, static tim
ing etc., and will also switch thv igninnn off cempletely
as a security device. Includes. switch corpectors 1.0unting
bracket and instructions. Cables exxduiied

PRICES

DIY assembly kit L1093 incl VAT post and packing
Ready budt unit £13.86 incl VAT post and packing
{Bnth to fit alt vehicles with coil/distributor ignition up to
8 cyhnders |

Switch tor (istant changeover fro 1 Eparkrite  ignition to
conventional ignition £2 98 incl VAT post and packing
R P M tHmiting control £2 42 incl V.AT post and packing
iFitterd in case on ready built unit, dashboard mounting
onwt )

CALLERS WELCOME |

s

e £ & v e & &4 &7

P

‘

[
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DIGITALCLOCK ~ _ £9.56 ELEGTRO / Al_u E

DISPLAY FUTABA 5-LT-01. 7 SEGMENT
OnlyPrice Phosphor Diode. 12.5mm Digit The good components
Inc -VAT AM/PM and colon service

In relatively few years, Electrovalue has risen to a
position of pre-eminence as mail-order (and industrial)
suppliers of semi-conductors, components, accessories,
etc. There are wide ranges and large stocks to choose
from as well as many worthwhile advantages to enjoy
when you order from Electrovalue.

CATALOGUE 8 NOW READY

Enlarged to 144 New items, Opto-electronics. Diagram
of components, applications, |.C. circuits, etc. Better than even
No. 7. Post free 40p, including voucher for 40p for use on order
over £5 list value

Payment with order

CALTEX CT7001. MOS LSI DISCOUNTS
cH'p 28/30/31 Day Calendar NE?; all CW.0. mail orders, except for some items marke
Only Price 24-hour Clock 50/ on orders list value l oo/ on orders list value
£5.50 Snooze Alarm 0 £10 or more 0 +15 or more
l Inc. VAT Clock Radio Feature FREE POST & PACKlNG
I EaS"Y Settable Counters On all C.W.0O. mail orders in U.K. over £2 list value. If under
o - add 10p handling charge.
1 N ‘
| 4 ol ' PRICE STABILIZATION POLICY
| = ::‘_“:" - Prices are held and then reviewed over minimum periods of 3
PRI pt nf——on months — With eftect from Jan. 1st
| e I e QUALITY GUARANTEE
o - e l On everything in our Catalogue — No manufacturer’s rejects
[ ] e seconds or sub-standards merchandise
== s == OCH TG \ ; 3
TRANSFORMER — £2.50 INC. VAT ELECTROVALUE LTD
All communications to Section 7/2, 28 ST. JUDES ROAD, ENGLEFIELD GREEN,
l I MTEC H PR 0 D U CTS LTD - EG:IOA_M:J SCUFI(‘:R;YOT:\?ZIO OHB. Telephone Egham 3603. Telex 284475. Shop
l IMP HOUSE, ASHFORD ROAD, ASHFORD, MIDDX. hours §-5.30 p.m. daily. 9-1 p.m. Sats.
. NORTHERN BRANCH: 6 umage Lane, Burnage, Manchester M19 1INA.
Telephone: Ashford 44211 chi: 68 8

Telephone (061} 432 4945. Shop hours daily 9-5 30 p.m , 9.1 p.m. Sats
| Telex: 936291 phone (061) > hours daily Py D=

tecknowledgey in consumer ICs -and their applications,

SGS Audio IC:<; -W@,VC move d I\ﬂlodlglles & Kits

. st
. . S S ' To accomodate expanded R & D :g:); I:'a:yl:(:“c“ '“t"w — cot""‘_)::‘e' ,Tu:“c”ﬁ?'
] o rshol unerset accesory unit, wi pilot tone fiiter
F == famlltles,_ AMBI_T has move.d sales and audio stages, rectifier, |C stabilizer, meter driver
p and administration to 25 High St. circuits. £4.99 (kit)
L / Brentwood. The existing 37 High 8001 S5k Hz low pass filter (mpx birdy filter) £2.35 built
] Street premises are retained for the £1.75 (kit)
engineering activities. 2_001 Steyeo scratch gnd rumble filter, with continuously
2 - ) K variable operating frequencies. £5.80 (built)
One of the first products of this £4.60 (kit)
move has been the development of 3000 Stereo control preamp - a wide dynamic range, low
- a TV sound tuner, from an “off g distortion AF preamp, with vol, bal, bass and treble
PRPITE air’’ system, using its own waricap controls. kit £6.78 )
UHF TV tuner, with ICIF am- 2020k Ef\te 25252020 stereo amp kit photographed on the
plifiers and block filters by TOKO. 7700 Tv-off air UHF sound tuner - built £26.00
The much heralded TDA2020 is here. And just And then one of our best ever {4 preset stations)

circuits - an electronic touch tuner,

to make sure th u don” i
k r COTELE SOy a RO S UUe with scanning mode, and facilities

2 . " . 9000 kit AM/FM mpx tuner chassis, with mech. tuner  £17.50
SGS appfication test circuit PCB for a stereo

7004 kit MW/LW varicap tuner module, inc. ferrite rod £9.95

15+ 15 (RMS) Hi Fi amplifier. for 6 preset stations. The unit is 7252 HIFi MOSFET FM tuner module by Larsholt  £24.00
. c suitable for use with FM, and now 7253 HiFi FET £M tuner module inc decoder £24.00
rices : | » 5600 Hi Q MOSFET varicap tunerhead by TOKO £11.25
TBABIOAS +HS  1.00 AP0 DIERHEZES AM of course, and °ff.‘”hs ancom EC3302 FET tunerhead from TOKO £5.00
) o 2TX107/8/9 14p plete tuner system wit out any Complete FM Tuner kits, inc case, for use with the above
TCA940E +HS 1.80 ZTX413(LN} 17p moving parts. Selection is by means modules: details SAE please. Prices range from £40 - £60.
TDA2020 2.99 ZTX212/3/4 16p of touch tuning in all cases, with A . various a s f tertai .
) i and 1 switchi mongst our various accessories for entertainmen
FM LINEAR ICS [BD 535 npry 7A/80v 52p ::;r::atisc?lly ?:terg:;zd_sm I electronics is a range of FM tuning, frequency and
MC1350 0.70 23536 pnp /50 ggp sig. strength meters with 12v, SOmA bulb. £2.50 ea.
CA3089 +QC 194 0377 nPYy v 32p Our R&D facilities are available for
TBA120 +QC 1.00 8D378 pnp P general consuitancy to OEMs: further 4 1
BD515 npn] 2A/45v 27p details on application. Standard project e :
MPX LINEAR ICS |BD516 pnp 30p estimation fee, including project evalua- = O &
MC1310P  +LED 2.20 |BD809 ol 10A/90v 70p |} o comment cata s £15.00 payabie in @
CA3090AQ +LED 375 [BDB10 pn 1020 IR J . ¢ —

Free price list with an SAE, catalogue of modules and parts

amblt internationﬂ.! 40p., including postage and VAT.

General Terms: CWO please, official bodies and companies
H please note min. invoice £7.50. PP for CWO orders 22p per

25 hlgh Street' brentWOOd' order. {UK and Eire). Overseas customers please include suffi-
tel: (0277) 216029 cient for postage. VAT is not included, and must be added

essex. cm14 4rh_ tix: 995194 at 25%, In stock orders despatched within 48 hours.
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Complete the coupon and
wellsend you
our complete,new catalogue.

Including our full range of test
equipment.amateur radio gear, hi-fi
equipment and many general
interest kits.

The new Heathkit catalogue
is now out. Full as ever with exciting,
new models, To make building a
Heathkit even more interesting and

satisfying. So,when you receive your
And, naturally, being Heathkit, every kit is absolutely catalogue you should have hours of pleasant reading.

complete, Right down to the last nut and bolt. So you won't And.if you happen to be in London or Gloucester, call

find yourself embarrassingly short of a vital component in and sce us. The London Heathkit Centre is at 233

ona Saturday evening—when the shops are shut. Tottenham Court Road. The Gloucester showroom is next
You'llalso get a very easy to understand instruction to our factory in Bristol Road.

manual that takes you step by step through the assembly. At either one you'll be able to see for yourself the
Clip the coupon now (enclosing a 10p stamp for postage) one thing the catalogue can’t show you.

and we'll send you your copy to browse through. Namiely, how well a completed Heathkit performs.
With the world's largest range of electronickits to Heath (Gloucester) Limited, Dept. ETI- 36 Bristol Road,

choose from, there really is something for everyone. Gloucester,GL.2 6EE. Tel: Gloucester (0452) 29451,

Digital electronic stop watch AM/FM 60 watt r.m.s. stereo receiver Digital rev counter

——-—---———-———-———————————--—————-——————-——1

The new Heathkit catalogue.Out now FREE4

To: Heath (Gloucester) Limited, Dept. ETI-36, Gloucester, GL2 6EE.
SOLI%E&‘II'GHRON Please send me my Heathkit catalogue. f enclose a 10p stamp for postage.  EESIMCES N
£3.50

Name Address _
with allorders over £30

Postcode
e == Ful] details in the catalogue. Offer available for limited period only.

L-
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ETI DATA SHEET SPECIAL _

SN72741-741 OP AMP

TEXAS

SCHEMATIC

The SN72741 is Texas Instruments’ version
of the ubiquitous 741 op-amp. The 741 INVERTING .
was originally introduced as the UA741 IR vee.
in May 1968, and was the first monolithic
op-amp to. be internally frequency
compensated by an on-<chip capacitor. NON
The SN52741 is a military temperature "“"/::JT'NG
range version of the SN72741. Both are
high-performance operational amplifiers oL
featuring offset voltage null capability.The
high common-mode input voitage range
and the absence of latch-up makes the OEESET
741 ideal for voltage follower applications. NuLL = i ,
The devices are shortcircuit protected NPowaposowmd 310 s 3] o5 M .
and the internal frequency compensation o -t ] €
ensures  stability  without  external N TR0 e (X 0 Gt
components. A low-value potentiometer
may be connected between the offset null
inputs 1o null out the offset null voltage P - . o s T
as shown in Fig. 1. o el e s et Fag zu :
: T k] T S5 g
:{ Ta 756'7_492"'} N ~3 I //
. ! +-J FRap R
RIS 3
R e e H
O— H [ S 4 ¢ j L !
: 1. - e A . §
< - 13,,, N S & L
e . N WY R T | ° l l l wiErg o B4 4 @ yI; B B0 S
110 100 1h 0% 100. 1M 10W 100M 110 100 'r 10k 100s 1M DM 100M

TO NEGATIVE VOLTAGE

1t Frauuency Hr
Fig. 2. Open-loop large
signal differential voltage

t Frequency Mz

Fig 3. Common-mode
refection ratio vs. fre-

VCCe Yt Vonege v

Fig 4. Opeﬁ-/oop large sig-
nal differential voltage

wy
mhur

vee

PIN 4 1S iN ELECTRICAL
CONTACT WITH THE CASE

OFPIET NV wom: voe
Ll WUy
e I

Fig. 1. Input offset voltage null circuit. amplification vs. frequency. quency. amplification vs. supply
voltage.
ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS
SN52741 SN72741
tnput Offset Voltage . ......... ... .......... 7.5mV max.
Offset Voltage Adjust Range. . . .. ................. 156mV Supply xoltage xcc+ a2y Uy
Input Offset Current . . ... .. ... ... ... .... ... 300mA max Supply Voltage Vec— —22v. —18v
Input Bias Current. . . ... ... ... ... ... ... .. 800mA max Differential Input Voltage 3ov 30v
Input Voltage Range . ... . .................... 12V min {;\;;ut Votl)tage ot 1 15V 15V
Max Pk-Pk Output Voltage Swing oftage between Offset Nu
ROIOK . o 24V min Terminals (N1/N2) and Vcc— 0.5V 0.5V
RU2K oo 20V min Duration of OQutput Short-circuit unlimited
Large Signal Differential Voltage Amplification 15000 min Continuous Total Power Dissipation 500mw
Input Resistance . . . .. ... .. ....... ... ... 2Mohm
'Outpu(t: Resistance. . . .. .......... ... ... .. 750hm
Input Capacitance . . . .. .......... ... .. .... 1.4pF
Common-mode Rejection Ratio. . .. ... ..... 70dB min QPEB%U N/G Cﬁ":‘?f‘CTERISTICS
Power Supply Sensitivity . .. ... .. ... .. 150 uV/V max CC+ ' VCG-T
Short-circuit Output Current . . ... . . ... ... .. .. 25mA Rise Time (tr) .. ............ ... ... ... .. ........ 0.3uS
Supplz Current. ... ... ... L 3.3mA max Overshoot . . .. .. ... 5%
Total Power Dissipation . . ... .. ... ... .. 100mW max Slew Rate at Unity Gain. . . . ... ... ... ... ..... 0.5V/uS
J OR N DUAL-IN-LINE L PLUG-IN PACKAGE F D:’:&T&"E'NE Z FLAT PACKAGE
~ PACKAGE (TOP VIEW) {TOP VIEW) (TOP VIEW) {TOP VIEW)
TERMINAL O®O O
ASSIGNMENTS J

R =
ICRCR OB ORORORE

30

ELECTRONICS TODAY INTERNATIONAL—-MARCH 1976




OP-AMPS

SN72301A-301 OP-AMP

TEXAS

The SN52101A is the Texas equivalent
of the LM101A. The LM101 first appeared
in 1967 and the LM101A is similar to the
101 but features better dc input .

INPUT OFFSET CURRENT

vs

FREE-AIR TEMPERATURE

characteristics. The SN52101A is a full

military temperature range device and so =

the average constructor is likely to use
the SN72301A which is a commercial
temperature range device for operation -
from 0°C to 70°C.’

Both are high-performance operational
amplifiers, featuring very low input bias
current and input offset voltage and current
to improve the accuracy of high-impedance b—
circuits using these devices. The high o

10 - 1nput Dfawt Current—na
~
|

T
Veer - 15V
——

- —
SN723014

common-mode input voltage range and the 0 = <D
absence of latch-up make these op-amps
ideal for voltage-follower applications.The
devices are protected to withstand short-
circuits at the output. The external
compensation of the 101A and 301A allows
the changing of the frequency response
{when the closed-loop gain is greater than

0 2 s 75 100 125

Ta—Frow Av Tompersturs—"C

Fig. 1. Input offset current vs. free-air temp.

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION vs
SUPPLY VOLTAGE

unity) for applications requiring wider o 7
bandwidth or higher slew rate. . o Ot
A potentiometer may be connected R L
between the off-set null inputs (N1 & N2) 3
as shown in Fig. 5, to null out the offset PO
voltage. 5 -
g axi0* ’__,’
: .
g 20100t
2
wige L L N
2 4 B

Pt

T
)
1
)
|

[}

|

1
gle g
S

t {

o
] + . . ! .

SNV?m\A—DI‘
SN&JINA——D-‘

|

|
1 1

« 4 o4 oao Lt )

8 10 12 14 % 8 20

Ivee, | Supity Vonage v

Fig 3. Open-loop large-signal differential Fig. 4. Open-loop large-signal differential
voltage amplification vs. supply voltage.

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE {WITH
SINGLE-POLE COMPENSATION)

vs FREQUENCY
T T 7T

>
vee, =115V
|- T ! S AL 10k8
s i Ta*2%C
(Y] ,;14 hr—4 :
H f |
S ol bk oLy L
g CrT T
; [Ty .l4 *J,% il
H M N cce 308
T . et |
H [ AL |
8 : L
] =1ttt 1 na|
2 Cc + 30oF L {
> )1
o L
tw 10k 100 & "™ oM

Fig. 2. Maximum p-p output voltage vs.
frequency (for single-pole compensation).

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION vs

FREQUENCY
w! T T
Vee: t 15V

c 100 —t Ry 2eut
H C¢ - WoF
0N Tar2sc
H =
¢
s 0
H
g w02
; w0
o
>
< )

10 1

1 16 100 1w 10k 100% 1M 10M 100M

1 Frequency-He

voltage amplification vs. frequency.

ELECTRICAL CHARACTERISTICS 2
_ SN72301A i
Input offset voltage 2mv -
Average temperature coefficient of input offset voltage 6uV/eC vf @
Input offset current 3nA i ) o gRC
Average temperature coefficient of input offset current 0.02nA/°C i i =
/nput bias current 70nA vee | o “ @
Input voltage range *+12V min =
Maximum pk-pk output voltage saving ce e
(VCC = £15V,RL = 10K) 28V vo Rz R1-30 pF
(VCC = *15V,RL = 2K) 26V vi Rl Cc> Tns
R1-R2
Large signal differential voltage amplification 200,000 RS- R1+R2
Input resistance 2MQ : . o .
Common-mode rejection ratio 90dB TERMlvNAL Zf,-},5'3%79'%'5/:”2Zﬁ;,ﬁf,’;:gﬁ,‘;,stif;,ls
Power supply rejection ratio 96dB offset adjustment.
Supply current 1.8mA ASSIGNMENTS -
. J OR N DUAL-IN-LINE L PLUG-IN PACKAGE F D;‘:&ngme
) ) ) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
ABSOLUTE MAXIMUM RATINGS — - P
SN52101A  SN72301A SN 011G
Supply voltage VCC + 22V 18V
Supply voltage VCC— —22V —18V o
Different input voltage +30V +* 30V
Input voltage * 156V *15V
Voltage between N1/N2 (either offset null = S BT
terminal) and VCC— 0.5V to 2V —0.5V to 2V Nwc oS o PIN 418 IN ELECTRICAL T o e
Duration of output short circuit unlimited unlimited ks " CONTACT WITH THE CASE e o
Continuous total output power 500mwW 500mW NC~-Nao internal connection
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SN52108A, SN72308A OP-AMPS TEXAS
The 108A and 308A are designed for
applications requiring extremely low input SCHEMATIC e courtmaions
bias and offset currents and offset voltages. —
The SN52108A has a typical input offset N #..,. - . "
voltage of 3000V and typical input offset L
current of 50pA at25 C. Input bias current »—< —
is 3nA maximum over the full temperature 1 — 2
range. The output is protected against YL j
damage from shorting to ground or either o -
supply and the input stage is diode- ! o
protected against excessive differential input o o
signals. External compensation permits . -
optimization of the frequency response for - » ™ ~ 1—( P
each application. The compensation circuit " 1 ™
shown in- Fig.3 can be used to make the _;‘l_<
amplifier particularly insensitive to supply [ g
noise, ~ "i
Component values shown are nominal,
APPLICATION DATA TERMINAL ASSIGNMENTS.
ALL TYPES ALL TYPES SSN72308P
) JOR N DUAL-IN-LINE L PLUG-IN PACKAGE P DUAL.IN-LINE PACKAGE
Extra care must be taken in the assemoiy or PACKAGE (TOP VIEW) {TOP VIEW) {TOP VIEW)
printed circuit boards to take full advantage
of the low input currents of these amplifiers. E o R o B o3 o comp 2 cow o
Even with properly cleaned and coated BEIENEENRE ; o;: ':' ”;
boards, leakage currents may cause trouble
at 125°C, particularly in the L plug-in
package (TO-99) where the input pins are »
adjacent to pins that are at supply potentials. »
This leakage can be reduced by surrounding
the input terminals with a conductive guard |
ring. The guard ring is connected to a V2P ey o TTETCTT
low-impedance point that is at approximately AT R PIN 415 IN ELECTRICAL O mrut . C
the same voltage as the inputs. As shown in CONTACT WITH THE CASE el
Figure 4, input guarding of the 8-lead L
package may be accomplished by using a ELECTRICAL CHARACTERISTICS:
10-lead pin circle, with leads of the device
formed so that the holes adjacent to the (values typical except where specmed) SN 72308A SN 72308
inputs. are empty when it is inserted in the Input Offset Voltage . .. ..... .. ... 0.3mV 2mV
board. The conductive guard ring should be Av. Temp. coefficient of Input Offset
used on both sides of the board. Voltage . ................... 1uv/eC 6uV/°C
The pin configurations of both the Input Offset Current . . . .. ... ... . 0.2nA 0.2nA
dual-in-line and flat packages are designed to Av. Temp. coefficient of Input Offset
facilitate guarding, since the pins adjacent to Current . ......... ... .. ... . 2pA/°C 2pA/eC
the inputs are not internally connected to the Input Bias Current. . . . . foccccnaans . 1.5nA 1.5nA
chip. Pin connections in these packages are Input Voltage Range . . ... ... ... .. ] =14V min =14V min
different from the standard pin connections’ Max. Pk-Pk Output Voltage Swing. . . . - 28v 28v
used in other operational amplifiers such as Large-signal Differential Voltage
the SN52741/SN72741. | Am%"f'?at'on ---------------- 300,000 300,000
nput Resistance . . . . ... ....... .. .
Common-mode Rejection Ratio . . . . . . . ??gldghm 4118(!\)/Idghm
Supply Voltage Rejection Ratio. . . . ... <« 110dB 96dB
ABSOLUTE MAXIMUM Supply Current . ... ... ... .. : 03mA  0.3mA
RATINGS SN 52108A SN 72308A
SN 52108 SN 72308 . R2
Supply Voltage Vec+ . .. ... ... ... . 20V 18v
Supply Voltage Vec— . ... .. ... ... . —_20V —18V Vees
Input Voltage . .. .. ............. . +15v *15V a
Differential Input Current . . . . . ... .. . *10mA *10mA ' =
Duration of Output Short-circuit . . . . . unlimited Vio g
* Continuous Total Power D|SS|pat|on .
(below 35°C). . .. ............. . 500mW 500mW Vo RL> 1002
COMP Ve COMP1T oo comP2

come

' - Fig. 2. Standard compensation circuit.
+

\ R2

R2 -

R1
INPUT AA AAA
O—WWA WA GUARD ‘ ouTPUT v
[
R1
2 3
-]
Yam W ) 4 vx“’ R3
-0 ouTPUT \
Vi
N vee - comp 1 comp2 '© RL>10k0
3 A ) c Vee-  (OPEN)
$R3t 2
ce . cc-woopsI

Fig. 4. Top view of board layout for L

e e oy Fig. 3. Alternate compensation circuit.

Fig. 1. Inverting amplifier.
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M
536 FET-INPUT OP-AMP SIGNETICS
—_—-—#_

The 536 is a special-purpose high-
performance operational amplifier utilizing
an FET input stage for extremely high input
impedance and low input current. The
device features internal compensation,

Offset Null
Inverting Input
Non-inverting |nput

1.

2.

3.

- A " ; 4. v~

standard pinout, wide differential and
common mode input voltage range, high 5. Offset Null
slew rate and high output drive capability. 6. Output
Two versions are available: the SU536T 7. vt
has a temperature range of —55°C to 85°C, 8. NC

while the NE536T covers 0°C to 70°C.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . . ... . e *+22V 40
Differential Input Voltage Range . . . . .. . ... .o v it +30V Ta-BTCon 100
Comon Mode Input Voltage Range . . . . ... ... ..ot o +V§ % Sian o
‘Power Dissipation (Note 1). . ... .. .. ... . ... ... ... .. .. ... ... ... 500mwW
Operating Temperature Range . .. ... ... ..................... 0°Cto £70°C | «»*
Storage Temperature Range . . . . .. ...................... —65°Cto +150°C 3
Lead Temperature (Solder, 60 SEC) . . . . . .« oot 300°C | 7%
Output Short Circuit Duration (Note 2). . . ... ...................... Indefinite H —\
NOTES: 3™
1. Rating applies for case temperatures to +25°C; derate linearly at 6.5mW/°C for ambient § o \
temperatures above 75°C. 5
2. Short circuit may be to ground or either supply. Rating applies to + 125°C case temperature or 315
+75°C ambient temperature. s \
ELECTRICAL CHARACTERISTICS 2w
INPUT CHARACTERISTICS _ g \
Large Signal Voltage Gain @ + 25°C .. ... ..................... 100V/mV ¢ \
Input Offset Voltage @+25°C . . ... ... ... ... ... 30mV .
vs Temperature (drift) ... ... .. ... ... ... ... 30uv/eC \
vs Common Mode Voltage 0
(SR 0 c o oo aaoonnnoosocooacoocnoanoocaboanaaaabeaaaaa 80dB 100 x 10K 100K ™ 1om
vs Power Supply (P.S.R.R.} ... .. ... .. . ... . 100uV/V ) FREQUENCY - Hz
:ggz: glfjfgeepégr;?%izsoc .................................. ngﬁ Fig 1. Output voltage swing vs frequency
Input Impedance
Differential RESIStANCE . . . . . . . oo 10 "ohm
Differential Capacitance . . . . .. ... ... ... ... ... 6pF o
Input Noise {(0.1Hz — 100kHz) \
Voltage NOISE . . . .. .. ... .. 20uV r.m.s 20
Common Mode Voltage Range . . . . ............ ... .. .. .. ... ...... *11V. \
OUTPUT CHARACTERISTICS ’ a0
Output Current . . . . ... ... 5mA min |« \
Open Loop Output Impedance . ... ........................... 100 ohm | & -eo
Output Voltage Swing ’ 2 \
RLE2K ORM . o vt s1ov |7 ® S
RLE 10K ORM . o o oot et e e e e +13v | § [~
Short Circuit Current . . . . . . . .. . L 17mA | & -wo N
FREQUENCY AND TRANSIENT RESPONSE \
Gain Bandwidth Product . . ... .. ... ... ... 1MHz -1z '
Unity Gain Frequency . . .. . .. . .. 1MHz
Full Power Bandwidth . . .. .. .. ... .. ... ... .. ... ... ........ 100kHz | ¢
Slew Rate
Inverter . . .. . .. 6V/uS e
) oo cog cnneooconaoaaanoaaa0Ranoa00aa0aEaaaaana0a0nas 6V/S 180 ]
POWER SUPPLY REQUIREMENT - 10 100 ™ 0k 100K W 10M
Power Supply Range. .. ... ... ... ... ... .... *¥6Vito x18V FREQUENCY - bz
QU;SS_E?QS%F;F"Y Current A Fig 2. Open loop phase vs frequency
BV VS L m
Quiescent Power Dissipation. . . . .. ... ... ... . ... ... ... 180mwW
100 \ ] All values typical unless specified 20
1
15 P
80t i
T e
E 1
% e z &
: N
g g ~
8 2
.:5 a0 5
g ® R
e~
0 -15
-20
U ; " - - ox oo Pa—— OFFSET NULL CIRCUtT 4 6 8 10 12 14 % 18 2
FREQUENCY - Hz . SUPPLY VOLTAGE — +V
Fig 4. Open loop voltage gain vs frequency Fig 5. Offset null circuit Fig 3. Output voltage swing vs supply voltage
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CA3078T, CA3078AT MICROPOWER OP-AMPS

The RCA CA3078T and CA3078AT are

high-gain  monolithic op-amps which can - ’ O]
deliver milliamps of current yet only vt
consume microwatts of standby power. Yo ¥Yo:

Their operating points are externally
adjustable and frequency compensation may
be accomplished with one external 8

capacitor. They provide the designer with Il
the opportunity to tailor the frequency o N
response and improve the slew rate without |l
sacrificing power. Operation with a single N,
1.5V battery is a practical reality with these

'NON' ol 03 Yoo

devices. NVERTING

The ‘CA3078T has a minimum supply @——K‘_
voltage of 30.75V and a maximum supply

voltage of 15V, with an operating

temperature range of —55°C 'to 125°C. AVERING
The CA3078T has the same lower supply

Q5
voltage limit but the upper limit is 36V ® o i! " K
BIAS -1

and the temperature range is 0°C to 70°C.

(D‘——COMPENSAYION—’@ 92CS- 1750
SCHEMATIC
ELECTRICAL CHARACTERISTIC '
. ._C S FUNCTIONAL DIAGRAM

All values typical unless specified.

CA3078AT CA3078T ' P 0 2R
Input Offset Voltage 0.70mVv 1.3mV coupensanion
Input Offset Current 0.50nA 6nA wy "ser
Input Bias Current 7nA 60nA -
Open-Loop Diff Voltage Gain 100dB 92d8B r
Total Quiescent Current 2OP«A 1 IOOP'A NOTE PIN 8 1S INDICATED i‘:r-m: CASE INDEX TaB
Dévice Dissipation 240 uW 1200p W s2cs-173azm
Maximum Output Voltage =B +5.3V
Common-Mode Input Voltage Range —5.5t0 *5.8V —5.6t0 5.8V
Common-Mode Rejection Ratio 115d8B 110d8
Maximum Output Current 12mA 12mA
Input Offset Voltage Sensitivity 105uV/V 93uV/V

Absolute values at T, =25°C.

INVERTING G

ABSOLUTE MAXIMUM RATINGS eyt

. outTPUT

DC Supply Voltage (between : CA3078AT CA3078T vQ e
V* and V- terminal) ' 36V 14v e

Differential Input Voltage *+6V +6V v-

DC Input Voltage vt to V- vt to V™ O I GETI0

ull adiustment range of + 75 mV

Input Signal Current® 0.1mA 0.1mA "o 33l

Output Short Circuit Duration® No Limitation No Limitation pamnafe - 0

Device Dissipation 250mw 500mw Fig 1. Offset voltage null circuit

{up to 125°C) (up to 70°C)

*Short circuit may be applied to ground or to either supply

NON-INVERTING

INPUT RI
O

~

ao\ s\ R

ouTAUT
v+ O

4

—
z NN N [& A p-
Hl b H 15V e ™
3 0 . O =+ 1 MEG
\ N o N\ oo & AR" CELLT-
'Q'g N ~N £ N < '|° v-
3l 4o RN s
53 X\ ‘\\\ ) 1 i 3 RI
o2 \ 3 F Vaiue ot Ap requrred 10 have 2
87 20| CA3OTBAT AN a0 2 s il atctonsnt sange o 78
2 SUPPLY VOLTS +V*46,V"=6 N < 1 TR v
w QUIESCENT CURRENT l]q)-ZO,‘A\ 9 = B n};. Rp75. 10 T
& o} LOAD RESISTANCE (R J=lokf < R o
AMBIENT TEMPERATURE (Ty)225"C z ssumingAg kb
C|.BETWEEN TERMINALS 18 8 o
-2Q ol 1 BT B PRI BRI
or [ 16 102 oS 104 105 10 &

FREQUENCY (1) —Hrx

Fig 3. Open-loop voltage gain vs Fig 2. Offset voltage null circuit

Fig 4. Inverting 20-dB amplifier circuit

frequency for [ = 20ubA — CA3078T
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DEFINITION OF OP-AMP TERMS

input Offset Voltage (V,,) The d-c voltage which must be applied
between the input terminals to force the quiescent d-c output voltage
to zero. The input offset voltage may also Le defined for the case
where two equal resistances (R¢ are inserted in series with the input
leads.

Average Temperature Coefficient of Input Offset Voltage (ay,o The
ratio of the change in input offset voltage to the change in free-air
temperature. This is an average value for the specified temperature
range.

(Vm@TAm) - (V10@TA‘1L)
Gvio ™ Tam — Tae)

where T, and T, are the
specified temperature extremes.

Input Offset Current (1,9 The difference between the currents into
the two input terminals with the output at zero volts.

Average Temperature Coefficient Of input Offset Current (a,o The
ratio of the change in input offset current to the change in free-air
temperature. This is an average value for the specified temperature
range.

0@ Tus) = (0@ Ta)| where Ty @nd T, are the

Qy10 = I G
TA(? - TA(:J

specified temperature extremes.

Input Bias Current (1,5 The average of the currents into the two input
terminals with the output at zero volts.

Input Voitage Range (V) The range of voltage which if exceeded at
either input terminal will cause the amplifier to cease functioning
properly.

Maximum Peak-to-Peak Output Voltage Swing {V,pp) The maximum
peak-to-peak output voltage which can be obtained without waveform
clipping when the quiescent d-c output voltage is zero.

ET :
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FBLPNGE IS S

FRESENTED 10

This is our open competition to find
solutions for problems facing the deaf.
This closing date is March 31st 1976.

possible and

solution. The rules are as basic as
impose
restriction apart from insisting that

Large-Signal Differential Voltage Amplification (A,;) The ratio of the
peak-to-peak output voltage swing to the change in differential input
voltage required to drive the output

Input Resistance (r) The resistance between the input terminals with
either input grounded.

Output Resistance (r) The resistance between the output terminal
and ground.

Common-Mode Rejection Ratio (CMRR) The ratio of differential
voltage amplification to common-mode voltage amplification. This Is
measured by determining the ratio of a change in input
common-mode voltage to the resulting change in input offset voltage.

Power Supply Sensitivity (AV,,/ AV The ratio of the change in input
offset voltage to the change in supply voltages producing it. For these
devices, both supply volitages are varied symmetrically.

Total Power Dissipation (P, The total d-c power supplied to the
device less any power delivered from the device to a load. At no load:
Ppe= ch'1 cee T Ve Tee

Rise Time (1) The time required for an output voltage step to change
from 10% to 90% of its final value

Overshoot The quoteint of: (1) the largest deviation of the output
signal value from its steady-state value after a step-function change of
the input signal, and (2) the difference between the output signal

‘values in the steady state before and after the step-function change of

the input signal

Slew Rate (SR) The average time of change of the closed-loop
amplifier output voltage for a step-signal input. Slew rate is measured
between specified output levels (O and 10 volts for this device) with
feedback adjusted for unity gain.

THE PROBLEMS

1 A sick person is being looked after by a

deaf person. The deaf person has no
/ useful hearing and requires to know

whether the sick person is all right and
above all needs to know if the sick person
is in a state of distress anywhere in the
sick room.

2 A hard of hearing person is attending a
College of Further Education and has
considerable difficulty in understanding
what the lecturer says due to his distance
from the lecturer and to the background
noise in the room. A device is required to
enable-him to make the best possible use
of his hearing.

STILL

3 Many deaf people have great difficulty
in using the telephone and in fact many of
them cannot use the telephone at alt. The

To development of a writing tablet which
would allow them to write a message on a

small pad and for this to be communicat-
ed over the telephone line to.a pad at the
other end would have many great

CLOSING DA TE i) addition the communica-

tion should be two way so that the person
can receive @ message or an indication
that the message has been received.
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RNID) and this will be added to the
£250.

Background information has been
prepared to help readers and say what is
alrcayd known. This is available from

virtually no

ETI and the Royal National Institute
for the Deaf (RNID) are co-operating
fully in the organisation of this com-
petition.

Three problems are shown above.
We invite individual readers, clubs,
schools, universities, companies, in fact
anybody, to develop a practical

any Patent Royalties are waived if the
idea is produced.

The prizes, three in all, will each be
a silver trophy specially designed for
ETI. At the close of the competition
the magazine will hand over £250 to the
RNID to help with development costs.
There is a £1.00 entry fee (payable to

ELECTRONICS TODAY INTERNATIONAL-MARCH 1976

ETI on receipt of a large self-addressed
envelope. Enquiries should be sent to:

Helping Hand,

ET! Magazine,

36 Ebury Street,
London, SW1W OLW.



Now...the most exciting Sinclair kit ever

The Black Watch kit

At £14.95, it’s

* practical—easily built by
anyone in an evening’s
straightforward assembly.

The Black Watch by Sinclair is unique.

2 Controlled by aquartzcrystal. ..

powered by two hearing aid
batteries...using brightred LEDs to
show hours and minutes and

sae Minutes and seconds...it's also

styled in the cool prestige Sinclair

fashion: no knobs, no buttons,

i noflash.

The Black Watch kitis unique,
too. It'srational-Sinclair have
\ reduced the separate
components to just four.

7 It'ssimple—anybody who can
¥ _/ use asolderingiron can

7 assemble a Black Watch without
difficulty. From opening the kit to
wearing the watch is a couple of
hours’ work.

*complete -right down to {]
strap and batteries.

xguaranteed. A correctly-
assembled watchis
guaranteed forayear. It
works as soon as you put the
batteries in. On a built watch
we guarantee an accuracy
within a second a day-but
building it yourself you may be
able to adjustthe trimmerto
achieve an accuracy withina
second aweek.

The special features of The Black Watch

Smooth, chunky, matt-black case, Large, bright, red display—easily read Runs on two hearing-aid batteries
with black strap. (Black stainless- atnight. (supplied). Change your batteries
steel bracelet available as extra- Touch-and-see case - yourself-no expensive jeweller’s
see order form.) no unprofessional buttons. service.
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The Black Watch-using the unique
Sinclair-designed state-of-the-art IC.

The chip...

The heartof the Black Watchis a
unique IC designed by Sinclair and
custom-built for them using
state-of-the-arttechnology -
integrated injection logic.

This chip of silicon measures only
3 mm x 3 mm and contains over
2000 transistors. The circuit includes

a) reference oscillator

b) divider chain

c) decoder circuits

d) display inhibit circuits
e) display driving circuits.

The chipis totally designed and
manufactured in the UK, andis
the first design to incorporate 4
all circuitry for a digital
watch on asingle chip.

Batteries

Take advantage of this no-risks,
money-back offer today!

The Sinclair Black Watch is fully
guaranteed. Return your kit in original
condition within 10 days and we’ll
refund your money without question.
All parts are tested and checked before
despatch—-and correctly-assembled
watches are guaranteed for one year.
Simply fillin the FREEPOST order
form and postit-today!

Price in kit form: £14.95 (inc. black
strap, VAT, p&p).

Sinclair Radionics Ltd,

London Road, Stlves,
Huntingdon, Cambs., PE17 4HJ.
Tel: Stlves (0480) 64646.

Simcli=ir | e
|

Reg.no: 699483 England. VAT Reg. no: 2138170 88.

afew microamps.

Complete kit

£14.95!

The kit contains
printed circuit board
unique Sinclair-designed IC
encapsulated quartz crystal
trimmer
capacitor
LED display . :
2-part case withwindow in
position
batteries
battery-clip ‘

. black strap (black stainless-
steel bracelet optional extra—
see order form)

11. fullinstructions for building

anduse.

Alkthe tools youneed are a fine
soldering iron and a pair of cutters.
If you've any queries or problems in
building, ring or write to Sinclair
service department for help.

...and how it works
Acrystal-controlled reference is used
to drive a chain of 15 binary dividers
whichreduce the frequency from
32,768 Hzto 1Hz. This accurate
signalis then counted into units of
seconds, minutes, and hours,and on
request the stored information is
processed by the decoders and
display drivers to feed the four
7-segment LED displays. When the
display is notin operation, special
power-saving circuits on the chip
reduce currentconsumption to only

1.
2.
3.
4.
5.
6.
7.

-h
30®

LED display

Trimmer
Quartz crystal

2000-transistor silicon integrated circuit
r-———_————————————

To:Sinclair Radionics Ltd, FREEPOST, St ives, Huntingdon, Cambs., PE17 4BR.

Total £

(qty) Sinclair Black Watch
kit(s) at £14.95 (inc. black
strap, VAT, p&p)

(qty) black stainless-steel
bracelet(s)at £2.00
(inc. VAT, p&p)

*| enclose cheque for £ .
made out to Sinclair Radionics L.td

I Please send me
l and crossed

* Please debit my *Barclaycard/Access/
American Express accountnumber

Name

ETI/3

I Please print. FREEPOST-no stamp required. *Delete asrequired

ELECTRONICS TODAY INTERNATIONAL—MARCH 1976

37



38

"l used, to read
comics’....until

1 disaovired

There are only two ways to ensure a regular
copy of ETI — place a regular order with your
newsagent ot take out a subscription. If you
don’t believe us — take a look at the recent
issues no longer available listed with the
Index!

_H;p_us_;o_he.; ;)u_:pTe;:e_v-vrite your name_an-:i-_-|
address on the back of your cheques. |
: I
|
I
|
|
I

To: SUBSCRIPTIONS DEPARTMENT,
" ETI MAGAZINE,
36 Ebury Street,
London SW1W OLW

| enclose £5.00 (£5.50 overseas subscriptions
except Canada: $10) for the next twelve issues of
ETI.

...................... March 1976

TEN PRIZES OF
£12.50

worth of goods selected from Henry’s Self-Service Centre or
Components Catalogue (inc. VAT).

AND FIRST PRIZE OF
£12.50

PLUS

‘SALE-OF-THE-CENTURY’

The first prize is £12.50 cash but the winner is entitlied to a 90%
discount if he spends the money on goods selected from Henry's
Self-Service Centre or Components Catalogue.

Normally £8.10.
81p!

Normally £7.78
77p!

Normally £93.98
£9.40!

RETAIL ANC MAIL OROER
Catalogue

THIT

ELECTRONIC COMPONENTS & EQUIPMENT CATALOGUE
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GOMPETITION

To celebrate the recent opening of Henry's Self-Service Etectronics
Centre at 404 Edgware Road, London W2, ETI| and Henry’s have
arranged an easy-to-enter competition with prizes of at least £250 and
up to £500 worth of goods.

First prize is £12.50 plus a 90% discount on goods purchased with
this sum — or equivalent to £250 worth of goods if you affix to your
entry coupon the price circie from the current Henry’s catalogue.

Additionally there are 10 other prizes of £12.50 worth of goods,
again worth double with proof of purchase of the cataiogue.

Henry's have perhaps the best selection of components in the

country and their new Self-Service Centre — the first of its kind in
Entaln — makes browsing and selection more enjoyable than it ever has
een.

RULES

The competition is open to readers in the United Kingdom and
Northern Ireland except employees of Electronics Today International
and the Henry's Group of companies and their agents. There Is no entry
fee but all entries must be made on the coupon cut from the magazine.
No other correspondence should accompany the entry. If you wish to
show proof of purchase of the latest Henry’s catalogue, entitling you to
double the value in prizes follow the instructions given below.

The prizes will be awarded to the first eleven correct entries drawn
after the closing date of March 31st, 1976. The first prize, entitling
the winner to a 90% discount will be awarded to the first correct entry
selected. A method of draw will be used which gives no preference one
way or the other to those entrants opting for 'Double-your-Money’.

The prize value includes VAT. Readers may submit as many entries
as they wish but each must be accompanied by an original coupon. It
is a condition of entry that the judge's decision is regarded as final.

ELECTRONICS TODAY INTERNATIONAL—MARCH 1976

ETI-HENRYS

How fo enter

The circuit shown below is of a fairly standard
tone control. Many of the component values are
missed out and-replaced by the letters A—K. A list
of the correct component values is listed.

Use your skill and judgement to allocate the
components next to the letters on the entry
coupon. The electrolytic in the circuit is deliberate-
ly shown as a non-polarised capacitor. Componeénts
should be allocated for the best conventional
performance.

?l——’v}(/\/*——cusv
L L
RV3 68k
:??:g) i (zﬂfﬁk) §
RV1 T b )
10k
104 S5
J
Capacitors Resistors
2,7nF - 3.3kQ2
2.7nF ) 15kQ2
15nF 22k
15nF 22k
10uF electrolytic 100kQ2

senseseanenssntoussnsstannnre

ubeeseneanernetuenstanurensanduRadaddonoundatatatnstabnosnsans

h““iﬁ‘“.ﬂn—m_—‘m——
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- APRIL ETI

CONVERT YOUR

CALCULATOR
INTO A

STOPWATCH

OR IF YOU WANT TO
BUILD A CHEAP STOP-
WATCH BUY A CHEAP
CALCULATOR AND A
COUPLE OF CMOS ICS
THEN FOLLOW OUR
DESIGN. THE INSTRU-
MENT WE BUILT GAVE
+02% ACCURACY AND
MEASURED UP TO 9999.99
SECONDS (OVER 2% HRS).

glectronics today

international
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ANOTHER FABULOUS ETI OFFER

THE

EXELAR

Digital Watch

£14.90!

INCLUDING VAT AND POSTAGE

The Exelar. Never heard of it? You certainly haven't
heard of any digital electronic watch at this price.

Exelar is a new name for the Digital Watch pro-
ducts of National Semiconductor; in fact N.S. make
all the electronics themselves for this new range and
Exelar is a name that you’il probably get to know
pretty well.

This offer is a prelude to the taunch of this watch
— and ET1 once again has been able to arrange an
enormous discount for readers. Response to offers in
the past has shown that ETI readers are very quick to
appreciate new technologies and the resulting products
and this enables us to come up with the really good
deals for which we are known.

The NW1-WS is a three-function watch: Hours,
Minutes and Seconds with a typical accuracy of 5
seconds per month. The bright, easy-to-read LED dis-
play is one of the few in the industry which takes
advantage of the crisp clarity of monolithic digits. The
bezel is chrome plated, the back is stainless steel and
the strap is leather.

The recommended retail price of the Exelar is over
£20, itself setting a new record low for a built watch
but using the coupon you pay just £14.95 including
VAT and postage. Don‘t delay — an enormous
response is expected.

AVAILABILITY

ETt Offers in the past have been so
successful that initial estimates of quantity
have sometimes proved to be inadequate.
Several thousand units are being stocked
but if orders exceed this, delays may
result. N
If you have not received your watch
before publication of the April issue, see I
that month’s News Digest for the

1

To:

— ke —

/7:4g

exCLar

For operation of the Exelar, press the button and the hours and

minutes are

displayed. Keeping the button depressed will display

flashing seconds, The display stays on for 11 seconds after touching
the button. Time setting is accomplished by pressing a recessed push
switch in conjunction with the display button.

EXELAR WATCH OFFER
ETI Magazine,

36 Ebury Street,

London SWTW OLW.

— e = e == = == :CUT COMPLETE COUPON- — o — — — —

| This coupon will be used to dispatch]

| your Exelar digital watch. The offer isI
strictly limited to one watch per

I coupon. Orders will be dispatched

'Please find enclosed my cheque/P.O. | as soon as possible but please allow 35
for £14.95 payable to Electronics Today
international (Exelar Offer). IMPORTANT:
Please write your name and address on the |
back of your cheque and P.O’s.

days for delivery and read note on<|
availability. ! |
OFFER CLOSES MARCH 31st 1976 .

situation. ; = OR 1
Although orders will be despatched as I OFFICE l

soon as possible after receipt, please allow ] USE

35 days for delivery.: — i ==
For security reasons, no stocks of the IR | NSRRI C O NAME e i

Exelar are being held at ETI offices for o 5’

callers. | ADDRESS . ............covininnt. ‘:’,’la ADORESS . ............. o el |

' w
R ——— | 0 S I S |
your name and address on the back of | §|‘§ I
........................... A | P o M~ e Srn (101 0.0 O R2a0 T -

your cheque and a// P.O’s. This will enable
us to sort out any problems quickly.

L
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BASIC ELECTRONICS PROBLEMS SOLVED

Smith

5 =

b L mw_mn

How t(.) Use Vectorscopes, Oscilloscopes

BEGINNERS' GUIDE TO

ELECTRONICS

T. L. Squires £2.55
A short cut for those wishing to obtain a quick acquaintance with modern
electronics

1.C. OP-AMP COOKBOOK

W. J. Jung £8.15

Covers the basic theory of IC OP-Amp in great detail, also includes 250
practical circuit applications liberalty iflustrated

TTL COOKBOOK
D. Lancaster £5.80

Complete and detailed guide to TTL. how it works, how to use it and
practical apphications

110 OPERATIONAL AMPLIFIER
PROJECTS FOR THE HOME
CONSTRUCTOR

R. M. Marston £2.85
Outlines the essential characteristics of the OP AMP and presents 11D
useful projects

110 SEMICONDUCTOR PROJECTS
FOR THE HOME CONSTRUCTOR
R. M. Marston £2.85

This book introduces the reader to useful new devices such as the FET
SCR and IC, with fuil constructional details of many uselut circuits

UNDERSTANDING CMOS
INTEGRATED CIRCUITS
R. Molen £3.25

Begins with basic digital ICs, covers semiconductor physics. CMOS
fabricaton technology and design

INTEGRATED ELECTRONICS
J. Millman £5.00
Using an integrated circuits approach this text leads the reader step by step
trom semiconductor physics to devices, models, circuits and systems.

LINEAR IC PRINCIPLES
EXPERIMENTS AND PROJECTS
E. M. Noi £5.80
An introduction to one of electronic’s most exciting devices
DESIGNING WITH TTL INTEGRATED
CIRCUITS

Teoxas Instruments £5.55
Covers the entire family of TTL and practical applications of the circuils in
digital systemns

OPERATIONAL AMPLIFIERS DESIGN
AND APPLICATION
£4.70

G. Tobey (Burr-Brown)
Compietely up to date. this work covers the entire field of operational
amplifiers

BEGINNERS’ GUIDE TO
TRANSISTORS

J. A. Reddihough £2.55
Covers the basic theary and practice of modern transistors
COLOUR TV THEORY

G. F. Mutson £4.65

PAL Systems, pringiples and receiver circuitry for engineers, technicians
and students

46

& Sweep-Signals Generators "

” 99 Ways to Use Your Oscilloscope  Saundors
P WORKING WITH THE OSCILLOSCOPE
To-wers’ International Transistor Selector

SALNDERS

TV SERVICING HANDBOOK
G. King £5.00

Thoroughly practical handbook, deals n detail with modern receivers

COLOUR TELEVISION SERVICING

G. King £5.90
A practical handbook. dealing with all modern receivers

MAZDA BOOK OF PAL RECEIVER
SERVICING

D. Seal £5.30

A practical handbook with over 200 illustrations

THE OSCILLOSCOPE

G. Zwick £2.10
Starts from the first principles and takes the reader to an advanced level
HOW TO USE VECTORSCOPES
OSCILLOSCOPES AND SWEEP

SIGNAL GENERATORS .
S. Prontiss £1.95
It goes into the whole subject deeply. in 250 heavy iltustrated pages
99 WAYS TO USE YOUR

OSCILLOSCOPE

A. Saunders £1.80
Describes how to solve practical problems using a scope

WORKING WITH THE OSCILLOSCOPE
A. Saunders £1.85

A book devoted 10 tircuits and illustrations of waveforms that should be
present

HOW TO USE YOUR VOM VTVM
AND OSCILLOSCOPE
M. Clittord £1.80

This book aims to give you knowledge and help you perform a wide vanety
of essenual tests on many different kinds of sets, appliances and
equipment

ELECTRONICS SELF-TAUGHT WITH
EXPERIMENTS AND PROJECTS
J. Ashe £2.20

Covers basic principles of electronics. Projects include a targe number of
simpie circuits

LOGIC CIRCUITS
N. M. Moris £3.10

Aids the understanding of iogical problems, discusses circuit principles
including integrated circuits

INTRODUCING AMATEUR
ELECTRONICS
1. R. Sinclair £1.60

The book for the complete novice of any age. as no previous knowledge is
assumed

TEST INSTRUMENTS FOR
ELECTRONICS

M. Clifford
How 1o build and use test instruments

£2.05

FOULSHAM-TAB

]

FOULSHAM-TAB

ELECTRONICS MUSICAL
INSTRUMENTS
N. Crowhurst £2.05

This book tooks at the fascinating subject of electronit music Irom almost
every angle.

EXPERIMENTING WITH
ELECTRONIC MUSIC

R. Brown and M. Olsen £1.85
Practical Experiments offer scope for originality and research.

BASIC MATHS COURSE FOR
ELECTRONICS

M. Jacobowitz £1.70

Ohms Law and alt maths for electronics written in an easy. undersiandable
way.

ELECTRONICS UNRAVELLED
J. Kyle £2.20

A new commonsense approach to the basic principles of electronics :
DIGITAL ELECTRONIC CIRCUITS

AND SYSTEMS

N. M. Momis £2.60

The ideal book for the enthusiast confused by logre and digitat technigues

INDUSTRIAL ELECTRONICS
N. M. Moris £3.20

The book concentrates mainly on semiconductor devices and circuits
solutions 10 the many numerical problems are given, S.| units are used
throughout

HOwW :TO BUILD ELECTRONIC KITS
V. Capel £2.10

Instructs the reader on how to theck components. how to assemble and
how to cure taults.

FOUNDATIONS OF WIRELESS
AND ELECTRONICS
MN. G. Scroggie £4.25

Ninth edition of this ever'popular basic theory book which starts from
scratch

RADIO, VALVE & SEMI-CONDUCTOR
DATA
A. M. Ball ) £2.
Tenth edition, gives data on 1.000 vaives and CRTs. 9.800 wansistors
(iod_g_s _recuhels and optical devices
ELECTRO:ICS CIRCUIT DESIGN
HANDBOOK
By the Editors of EEE Magazine

£5.20

Piease hist biles (with price) separately Cheques. etc.. to be payable 1o
Efectronics Today International and sent to

ETI BUOK SERVICE, 25 Court Close

Bray, Maidenhead, Berks.

All prices inciude Postage and Packing..
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___ELECTRONICS IN.

EORH

NS

THE THREE 'CHARACTERISTICS
studied in modern airborne surveys
are (a) Magnetic, (b) Radioactive and
(c) Thermal. Last month we looked at
the techniques and equipment used
in magnetic surveys; this second
part of the article covers the other
two methods.

RADIATION DETECTORS

Gamma rays are detected by the-

ionisation effect that they have on
some materials. Early radiometric
work was done using Geiger tubes
but these have now been supersed-
ed by scintillation type detectors (in
airborne geophysical work). The
-basic detector consists of a crystal
{(usually sodium iodide) which gives
a flash of light (usually in the blue to
UV region) caused by a gamma ray
being absorbed and giving up its
energy.

The scintillation crystal is superior
to Geiger tube for two reasons: (a) it
is a denser medium so detection
efficiency is improved, and (b) its
‘recovery time’ is short. This second
factor is important because several
gamma rays may arrive at the
detector within a short interval.

The scintillations are amplified in
a photo-multiplier (PM) tube which
is in direct contact with the crystal.
This assembly is then mounted in a
light proof container. The process of
amplification begins when photons
emitted during a scintillation strike
the photo-cathode and displace a
quantity of electrons. Due to the
voltage arrangement of the PM tube
plates these electrons are drawn to
the next cathode in the tube where
they displace a greater number of
electrons. In turn these strike the
next cathode and so on up the
cathode chain until the output
appears as a voltage pulse at the
anode. The combination of, crystal
and PM tube is termed a detector
head and is shown in Fig. 1.

SCINTILLOMETERS

A scintillometer consists of a detec-
tor head, a power supply and a pulse
counting circuit. PM tubes require

PULSE OUTPUT LIGHT PROOF CONTAINER

PM TUBE

CRYSTAL

GAMMA RAY |

Fig. 1. Scintillation Detector Head.

SUPPLY
LT

POWER
EHT

_

BLOCKING INTEG
osc RATOR

ANALOGUE

P

MIXER

I

OETECTOR HEADS

Fig. 2. Scintillometer.
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PART TWO

hy Martin Blanchard

an EHT supply of about 1.5kV but
do not draw much current. Fig. 2
shows an early scintillometer which
uses three detector heads. The
heads are connected to a mixer
circuit where the incoming pulses
are chanelled on to one signal line.
The incoming pulses trigger a
blocking oscillator which gives con-
stant amplitude and width puises to
feed an integrating circuit. The
integrator output is displayed on an
analogue recorder. Other scintillo-
meters use a ratemeter (for counting

- the puise rate) and a digital read-out.

The scintillometer counts one pulse
regardless of the energy of a detect-
ed gamma ray and is therefore often
called a total count detector.

SPECTROMETERS

A spectrometer is a scintillation
counter with a facility for discrimin-
ating between the various energy
levels of the gamma rays being
absorbed by the crystal. The intensi-
ty of each scintillation is directly
proportional to the energy of the
gamma ray causing it.

Each part of the radiation spec-
trum which is counted is termed a
‘channel’. Four channels are com-
monly used with the channel limits
set as follows:

Channel 1: 0.9 to 2.9MeV

Channel 2: 1.36 to 1.56MeV

" Channel 3: 1.66 to 1.86MeV

Channei 4: 2.3 to 2.9MeV
Channel 1 is usually calied the total
channel and the other channels are
often named after the radioactive
element that has a major energy
peak (or peaks) between the various
limits: Channel 2, Potassium; Chan-
nel 3, Uranium; Channel 4, Thor-
ium.

A compiete spectrometer is
shown in Fig. 4. This has a common
detection system comprising three
units each of which contains three
separate detector heads. The totai
number of detector heads is
therefore nine, each with a 6 by 4
inch crystal. This arrangement pro-
vides a good sensitivity combined

a7
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ELECTRONICS IN

SURUES

with a relatively small space
requirement.

OPERATIONAL TECHNIQUES
WITH SPECTROMETERS

Because of the attenutation of
gamma rays in the atmosphere and
in surface material the altitude at
which spectrometers may usefully
be operated is limited to about 200
metres and in general the best
results are obtained at the lowest
possible altitude. All the spectro-
meter equipment is carried inside
the aircraft, including the detector
heads. These must be carefully sited
so that there is a minimum of
scattering and absorbtion of gamma
rays by the aircraft structure. Back-
ground radiation from the aircraft
(for example from luminous instru-
ments) must also be kept to a
minimum. Survey areas to be
covered using a spectrometer are
flown in parallel lines like magneto-
meter surveys. The low altitude
means that a narrow line spacing
must be used.

INFRA-RED SCANNERS

tR line scanners are electro-optical
devices which reflect radiation from
the ground on to an IR detector.
Much of the IR radiation spectrum is
absorbed in the atmosphere but
there are two windows at wave-
lengths of between 0.0003 and
0.0005cm and 0.0008 to
0.0014cm. The detectors used are
manufactured from various semi-

conductor materials which have
AAGTNNTE R

different responses in parts of the IR
spectrum. The materials most fre-
quently used are, for the 0.0003 to

10.0005cm _region, Indium Anti-
imonide (InSb) and for the 0.0008
ito 0.0014cm region, doped Ger-
imanium. In order to reduce their
internal thermal noise these detec-
itors are cooled to low temperatures
i— Indium Antimonide to 77°K
(-196°C) and doped Germanium to
less than 10°K (-263°C). This
«cooling is achieved by the use of
gases such as nitrogen and helium
in their liquid state.

The detector output is usually
recorded on a video tape recorder
and on ordinary black and white
fitm. The film is exposed to a light
source that is modulated by the
detector signal so that the -density
variations in the film are proportional
to the IR radiation. The video tape
recorder however, produces the
detector output much more exactly.

Fig. b illustrates a practical line
scanner. The actual scanning
mechanism is rotated by a motor at
about 100rps and has three main
parts: the main mirror, the synch-
ronizing device and the film scan
motor. The main mirror is angled at
45° and reflects radiation from the
ground into a focusing device
which concentrates the radiation on
to the detector. The radiation can
only enter the scanner through a
slot, representing a scan angle of
about 120°, so the detector only

receives a signal for one-third of a
rotation cycle. The detector is cooled
from an insulated fiask containing
liquid gas and the detector output is
taken to a pre-amplifier stage. The
pre-amplifier output goes to a gain
control and the main amplifier and is
also sampled by a gate controlled
with*a synchronizing pulse from a
lamp and photo-electric device
mounted on the scanner shaft. This
device is triggered when the scan-
ning mirror is 'looking’ at the inside
of the scanner housing so that the
gate passes a sample of the pre-am-
plifier output when it is theoretically
zero and any undesired signal which
does occur, due to dc drift or
changes in detector response, is
integrated and fed back to the
pre-amplifier input to adjust the no
signal output to zero. After the gain
control and main amplifier the signal
is fed to another gate which is also
controlled from a photo-electric
device on the scanner shaft. This
gate is ‘opened’ only during the
120° of scan rotation when a signal
is present.

The finat amplifier stage provides
outputs to the monitoring oscillo-
scope, the video tape recorder and a
voltage-to-current converter which
modulates the film light source. The
modulated beam from the light
source is reflected on to the film by a
mirror mounted on the scan shaft so
that each scan builds up an image on
the film. The oscilloscope display is
. SR PR 2
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WITH IR LINE SCANNERS

The height at which IR line scanners
are operated is determined by the
resolution required. The lower the
aititude the better the resolution,
although, of course, at low altitude a
smaller area is covered in each scan.
The minimum operating altitude is
limited for any particular aircraft
speed by the scan speed if complete
coverage is to be maintained. Nor-
mally temperatures differences of
about 0.5° C can be detected from a
height of 500 metres.

The time of day when IR line scan
surveys are flown is important, due
to the different temperature effects
occuring through a day. During the
night temperature differences are
often accentuated but any mist and
fog tends to absorb radiation. Often
a survey area is flown at two or more
times of the day to provide more
information for interpretation. Oper-
ation is usually stopped during high
winds as these tend to ‘'smear’ the
temperature profiles.

NAVIGATION TECHNIQUES

The problem of navigating in survey
areas is a critical one. Obviously
geophysical results are not very
useful if the location in which they
were obtained is not known exactly.

MULTI CHANNEL

RADIOQ ALTIMETER

Fig. 6. Equipment
used in a Spectro-
meter Survey.

Often there are no accurate maps of
a survey area and ravigation must
be carried out on mosaics of survey
photographs (the accuracy of which
is sometimes doubtful). A frequently
used navigation aid is the Doppler
navigator, which has the important
characteristic that it requires no
beacons or other external equip-
ment. The Doppler navigator works
by measuring the Doppler ‘shift’ of
radio-frequency transmissions from
the aircraft which are received back
as reflections from the ground.
Information derived from the fre-
quency shifts and from the compass
is used to guide the aircraft along a
straight course.

The main navigation aid for
checking where an aircraft has flown
is the tracking camera which is run
continuously while the aircraft is on
a flight line and after a flight the
processed film allows the flight path
to be plotted on maps or photo
mosaics.

All the geophysical instruments
described here are flown so that a
constant ground clearance is majn-
tained. However, over rough terrain
this is not possible using barometric

— ST

altimeters so radio altimeters are
used. A radio altimeter transmits a
swept range of RF towards the
ground and then receives the reflec-
tions, The transmitted and received
frequencies are mixed to produce an
audio frequency signal which is the
difference between the frequency
transmitted at a particular instant
and the frequency being transmitted
when that signal returns. This fre-
quency difference is proportional to
time (i.e. to the sweep speed) and
therefore to the altitude of the
aircraft. The audio frequency is
converted to dc to drive a pilots
indicator and provide outputs for the
recording devices. Radio altimeters
have accuracies of better than * 1
meter in 150 metres.

DATA SYSTEMS

In recent years it has become the
practice to record all information
from the navigational and geophysi-
cal equipment on magnetic tape.
The instrument outputs are sampled
at a fixed interval, the timing being
controlled from a master clock which
also registers on the tracking camera
film to ensure correct orietation of
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ELECTRONICS IN

Rack ot geophysical electronic equipment—
Top shelf—Spectrometer console and mixer
box. Centre shelf—Magnetometer console
and various flight recarders. Background—
Two spectrometer detector heads.

the survey data with the flight path

plot. The taped data can only be read

out if special facilities are available
so the survey data is also recorded in
analogue form on multi-channel
chart recorders. This procedure also
guards against un-noticed faults in
the magnetic recording.

GENERAL OPERATIONAL
TECHNIQUES

Generally the need for an airborne
survey is decided upon by the
possibility of a specific mineral
appearing in a particular area. The
geophysical instrument to be used is
selected for its efficiency in detect-
ing that mineral.

Once the basic instrument has
been selected a second instrument
1s often chosen to provide additional
information to aid In interpretation.
Fig. 6 _illustrates some of the
equipment required for a spectro-
meter survey. The detector heads
are not shown. The type of geo-
physical equipment selected
governs the survey operating
parameters. If a spectrometer is In
use the maximum operating altitude
is determined by the spectrometer
detection sensitivity and the mini-
mum operating altitude by safety
considerations.

12/24 HOUR

50/60 HERTZ ]
BRIGHT DISPLAYS
SLOW TIME SET

FAST TIME SET

TIME HOLD

Frequently, spectrometer
surveys are flown at an
altitude ot 150 metres but this
means that to maintain adequate
ground coverage the flight lines
must be fairly close together, say at
about 400 metre spacing. The flight
lines are marked on to navigational
maps or photo mosaics and are
flown progressively with the aid of
navigational equipment. Lines that
are flown in the wrong place or are
subject to an equipment failure are
usually reflown at the end of the
survey

When all the survey area s
satisfactorily covered the geophysi-
cal information is plotted on to the
grid of flight lines and contour maps
are drawn. Computerised data may
be printed out in the form of contour
maps. Depending on the type of
survey the contour lines are of equal
magnetic field or equal radiometric
count rate and the maps are inter-
preted by geophysicists and geolo-
gists to predict the location of
possible mineral deposits.

Field investigation of selected
sites can begin immediately and so
it 1s that airborne geophysical
surveys enable ‘the few commer-
cially viable sites in a very large
unexplored area to be located in a
relatively short time. o

Digital Clock Kits

|
|

£6.95

+90p Airmail p&p

The response to our advert in the December issue was phenomenal. We are therefore extending this
special offer so that you can get a second chance tc purchase this fantastic bargain in case you missed
the first offer. If you've been considering building a digital clock but were discouraged at the high prices,
we have just removed your last excuse.

KIT COMPRISES:

1 — National MM5314 Clock Chip, 12/24 hour, 50/60 Hz option.
6 — Bright red common cathode displays, 0.27'' character height.

7 — NPN Segment driver transistors

6 — PNP Cathode driver transistors

9 — Carbon resistors

5 — Diodes

2 — Disc caps

1 — Electrolytic filter cap

3 — Switches for time setting functions

2 — Etched, drilled and plated p.c. boards

1 — lllustrated assembly instructions manual

All you provide is a 9-12v ac/200 m/a Transformer

and case of your choice.

OPTIONAL JUMBO DISPLAYS

You can have 6 — 0.5 Jumbo displays with a suitable
board instead of the 0.27'' types. Clock kit with 6 jumbo
displays £10.95° + 90p airmail p&p

* ORDERING INFORMATION

The above prices shown in British £s are approximate
equivalents of the following U.S. Dollar prices and should
be used as a guide only

Clock kit with 6 — 0.27"" displays: U.S. $16.50 post paid
Clock kit with 6 — 0.50" displays: U.S. $24.75 post paid
Remittance by BANK DRAFTS or INTERNATIONAL

THE WORLD.

MONEY ORDERS IN U.S. FUNDS. SENT ANYWHERE IN

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD THESE KITS

sabtronics
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P.0O. Box 64683, Dallas, Texas 75206, U.S.A.
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Videomasler
urge all good eleclronics
enthusiasls lo play the game

The best thing about the Videomaster
Home T.V. Game Mk. Ill is that the sheer
pleasure of building it isimmediately followed
by the excitement of playing three fascinating
games.

The famous Videomaster is now
available for you to make. It plugs into any
standard UHF 625 line TV set, and it shouldn't
take you longer than a few hours to build.

POST TODAY TO:

Videomaster Ltd

119/120Chancery Lane, London WC2A 1QU
Pleasesendme . ... ... ...

I enclose my cheque/money orderforf. . ........ ..
Tick if VHF Modulator required [] -£1extra

NAME

ADDRESS

ALLOW 14 DAYS FOR DELIVERY

(insert no.) Videomaster Mk. lll kits at £21.55 ea. inc. VAT.P & P

Indetail . . . The Videomaster Mk. lll has eleven
integrated circuits . . . four transistors . . .
elevendiodes ... iseasytobuild ... withno
alignment necessary because with ready-built
and tested transistorized UHF modulator, is
complete withall parts . . . including fully
drilledand prepared p.c.b. . . . handsome plastic
box ... controlleads . .. complete step by step
assembly instructions . . . Runs onaPP7 9 volt
battery . .. and has logic and analogue “state
of the art” circuitry all with National Semiconductors
CMOS devices . . . with full specification.

The cost? Only £1 995 (+ VAT)

]
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HEADPHONE
ADAPTOR

Unit restores damping and natural stereo separation.

HEADPHONES have impedances
which range from 8 ohms to 2 k ohms
or more and handle a typical
maximum power of 500 mW. To limit
the power that may be delivered into
the 8 ohm types, commercial amplifiers
generally supply the headphones from
the amplifier output via series resistors
of around 220 ohms.

Although this technique allows the
use of practically any type of
headphones without fear of damage

the series resistor drastically reduces
the amount of damping the amplifier
can apply to the phones.

A further problem with headphone
listening is that the stereo separation is
unnatural in that there is little right
channel information fed to the left ear
and vice versa.

This simple little adaptor is inserted
between the amplifier and the leads to
the speakers. It restores damping, by
supplying the phones from a 10 ohm

PARTS LIST —ET} 238

fwo 100 ohm 1 watt resistor

Two 10 ohm % watt resistors

Two = 4-way screw type speaker

connectors e

One. 100 ohm linear potentiometer
-One. . stereo headphone socket with.
; " double-pole break contacts
One box (as required)

Two 2-pin DIN rlugs (if required).
Two 2-pin DIN line sockels

: (if required) -

23

source, and has a blend control by
which the separation between channels
can be varied to obtain a more natural
sound.

CONSTRUCTION

We mounted the two four-way
terminal strips onto the lid of a small
box and the headphone socket and
potentiometer through one side. The
stereo-headphone socket should be the
type which incorporates double-pole
break contacts. This type is generally
of sealed construction and has 8 pins
on the back. Such a socket is necessary
so that normal speaker operation is
obtained until the headphones are
plugged in whereupon the speakers are
automatically disconnected.

Wire the wunit as shown .in the
interconnection diagram, and, if the
amplifier has DIN connectors, attach
short leads, with DIN plugs and sockets,
to the unit as shown in the main
photograph.

Jos =
LEFT LEFT
——
e Sw1B
e_ SWI1A Fiy. 1. Circuit diagram
RIGHT ¥ RIGHT of the headphone
adaptor.
o 10082
w w o
= o )&
2|3 £i%
Dis 2 <
(5 w
Z|< Ela
Sls 8 7]
@] @]
3 -
w
HEADPHONES
100 109
LEFT ) LEFT
¢ O
COMMON COMMON
RIGHT RIGHT
< O P
COMMON COMMON
NOTE
SW1A AND SW1B ARE PART OF THE
SOCKET USED FOR THE HEADPHONES

Fig. 2. Interconnection
diagram for the adaptor.
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NO, YOU CANT USE IT FOR YOUR
HOMEWORK . ... I'M LOADING IN
TOMORROW'S RUNNERS AT
KEMPTON!

IN THE FIRST OF several articles
under the title ETI Microfile, we'd like
to introduce you to our star performer
who is currently enjoying fantastic
reviews in the States. We refer, of
course, to the muiti-talented micro-
processor.

This device has been getting
mentions in ETIl for the past few
months, (N.D., Desk Top Graphics),
but we've never really said what it is,
what it does, or how it does it. In
fact, nobody really seems to have
thought of passing on microprocessor
information to the interested experi-
menter in a comprehensive way.
Micros are rapidly coming down in
price and up in applications — make
no mistake, the micro is here to stay,
very soon many electronics enthusiasts
will be using one.

“But what will they be using it
for?’’ we hear you ask. Here’s a short
list of potential applications:

Programmable calculator

Electronic games

TV games

Microcomputer

Controlling heating systems

Controlling measurement
systems etc.

Many more applications will suggest
themseives with a little thought. A
fairly typical system might be built
around a micro to control an electric
cooker in a sophisticated way so a
to permit programming of complete
menus with the micro automatically
controlling oven settings and timing —
the applications are limited only by
‘the imagination. '

54
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MEET THE MICRO

The main area which we will discuss
is the microcomputer, as this is the
ideal way to learn about micro-
processors, -and is a) interesting b)
educational and c) useful. It is inter-
esting to look at American activity in
this area. Magazines such as Popular
Electronics carry full page adverts
from companies supplying complete
computer kits, and programs to run on
them. These computers, although
small and cheap, are nonetheless very
powerful — in fact on many of them it
is possible to use BASIC language,
which makes programming quick, easy
and fun. Obviously, we’ll have a lot
more to say on the amateur micro-
computer later.

FINE, BUT WHAT IS IT?

We still haven‘t said what a micro-
processor actually is, so here goes.
Please bear with us while we explain a
bit about computer design. The micro
has been described as an ‘LS|
computer on a chip’. This is a slight
misnomer, and may lead you to
expect more from a micro than it can
reasonably give. |t is perhaps more
accurate to say that a microprocessor
is the arithmetic, logic and- control
circuits of a computer implemented in
LSl form. The definition given by
one major microprocessor manufact-
urer is ‘A Microprocessor is a very
large scale integrated circuit which by
the action of a sequence of instruct-
jons, externally programmable, can
fulfil a wide variety of different elect-

rical functions’. None of these
definitions is particularly revealing, so
let's take a closer look at what's
actually in a computer and, by
analogy, what$ in a microprocessor
unit (MPU).

The modern stored-program digital
computer (Fig. 1) consists of three

main units — the central processing
unit (CPU), the memory and the
input/output interfacing. The

sequence of instructions (program)
which the computer is to execute is
passed through the input interfacing
into the memory along with the data
to be operated on, and step by step,
the machine works through these
instructions. Depending on the results
of calculations, the machine can jump
forward to the next step of the pro-
gram; otherwise it may go back to the
beginning with a new set of numbers.
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INPUT/OUTPUT
INTERFACING

Fig. 1. The digital computer.

f 1

<
L

CENTRAL
PROCESSING
UNIT

MEMORY

The instructions are fed, one by
one, into the central processing unit
which decodes them and ‘decides’
what they mean. The instructions are
then executed by the arithmetic and
iogic unit of the CPU and the results
may be tested to decide what to do
next, or retained for use in the next
calculation, or stored away in
memory. (End of slight diversion into
computers.)

This, believe it or not, is precisely
what a microprocessor system does —

the microprocessor itself (MPU) corre-

sponds to the CPU, and normally has
associated memory containing a
program for it to execute. The import-
ant point to note here, is that to
change the application of an MPU, one
does not usually. have to change any
components, but only the program;
this usually costs little or nothing and
programming is actually fun — we
xnow our readers will take to it like
ducks to water.

HOW DOES IT DO THIS?

From this point on, we have to assume

that you, the reader, know a bit about
digital logic, which you will, if you've
been reading ETIl for long. If you're
not too sure, please, please find out
now — it's definitely the coming
thing — and we advertise some good
books. We also have had to make a
decision to work with one particular
MPU, the reason being simply that if
everyone works with different types,
there will be a lot of duplicated and
wasted effort, as really good and
interesting programs worked out for
one device won’'t, work on a different
type. After considerable spadework
and deep thought we have opted for
the Motorola M6800 family of devices,
for a variety of reasons. Please note,
however, that a lot of what we say
applies to MPU’s in general and not
just the M6800.

Figure 2 shows a block diagram of
a basic M6800 microprocessor system.
The most noticeable thing on this
diagram is the way all the devices are
connected together by three buses —
the control bus, the address bus and
the data bus. The control bus has
several lines carrying clock signals,

read/write, halt, reset and other signals:
for the control of the system. The add-
ress bus has 16 lines in total Ag—Aq5,
which means that the MPU can access
up to 216 ie. 65 536 bytes, (8 bit

words) of memory directly. This
amount of memory is equivalent,
roughly, to 13 completely printed

pages of ET! with all kinds of special
characters, typefaces and colour
specified in a none-too-efficient code.
So you can see there is sufficient
memory potentential for most app-
lications.

The data bus has only 8 lines and
will enable the MPU to input or out-

NOW I’'VE GOT ALL THE INTERNAL
CONTROL FUNCTIONS PRE-
PROGRAMMED | CAN RUN IT UF
FROM COLD IN WELL UNDER
HALF AN HOUR!

+5V

Fig. 2. A basic Microcomputer system.

CLOCK

6820 PIA

6800 MPU
-
: L
DATA BUS (8)
N e
g l
ADDR. BUS (16)
- L
CONTROL BUS
<
[
]
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Motorola’s ‘MPU in a suitcase’

put any 1 of 256 different ‘bit
patterns. This will be covered in more
detail when we discuss number
systems. Both buses are bi-directional,
so that the MPU can send or receive
on either, with the added facility of
disconnecting itself for special app-
lications (Direct Memory Access, for

operate upon, and the MPU can recall
and store data in this memory as it
works through a program. It functions
in a manner similar to a rack of pigeon
holes — upon selecting a particular
pigeon-hole or address, the MPU can
either read a word from it or stick
in a word. The 6810 RAM shown in
the diagram is a 128 byte semicon-
ductor RAM chip made by Motorola
to operate with the 6800 MPU.

RAM chips have one disadvantage
— when the power is turned off, the
contents are lost. This means that any
programs which have to be permanent-
ly resident in the computer have to be
in a different form of memory — this
is usually Read Only Memory. This is
programmed either during manufact-
ure or before insertion into the circuit
and cannot normally then be altered
by the micro, which can only read
information from it. Again, the 6830
is a Motorola part designed for the
6800 — many other parts are suitable,
however.

those in the know).

THANKS FOR THE MEMORY

INPUT, OUTPUT

Referring back to Fig. 2, the two,
blocks at the bottom constitute
the bulk of the input/output (I/0)
interfacing _mentioned earlier. The

Let’s now look at the two blocks
below the MPU — the ones labelled
ROM and RAM. We'll start with
RAM, or Random Access Memory.
This is the memory that holds both
the program and the data it will

6820 Peripheral Interface Adaptor has
two eight-bit parallel buses each line
of which can function as an input or

Now there’s a better way'
to keep your ETl copies

BE AN ETI
- GUY

(0R 6AL)

A couple of issues ago we
announced the ETI T-Shirt—
the response has been
enormous. Initially we just
wanted to sell the surplus
but we've had to reorder
twice! Made in cotton
(yellow with black printing)
these are available in three
sizes suitable for both sexes.
Send your cheque and
P.O. for £1.50 (payable
to Electronics Today b - -
International) and  state : ==
Small, Medium or Large,
ET! T-SHIRTS, 36 EBURY
STREET, LONDON SW1wW
oLw.

an output, while the 6850 Asyn-
chronous Communications Interface
Adapter is a serial 1/0 device. Both
these devices will be dealt with in
greater detail later.

With the addition of a few devices
such as a clock oscillator and a power
supply, these devices can be made into
a complete microcomputer. However
you also need some kind of input/
output device e.g. teletype or video
display unit and also a monitor and
debug program which will enable
you to load programs into memory,
run them and alter them. We'll have
more to say on this when we discuss
programming. The final (optional)
piece of hardware is a low speed
modem which converts digital signals
into audio tones so that programs can
be saved on a cassette tape via a cheap
tape recorder. This means that pro-
grams do not have to be typed in each
time the computer is switched on,
and is probably the computer experi-
menter’s best value-for-money labour
saving device.

Weli, that rounds off this general,
and very simple, introduction to
microprocessors. |f you're already
using one, and have any interesting
thoughts, we’'d like to hear from you.
If you're just thinking about it —
watch for the Microfile heading —
that’s where you'll find the facts. .

We reckon ETI is worth keeping: and our surveys indicate that a
staggering 97% - of readers keep their copies for at least three
months. Now we can offer you a binder which holds 12 issues
whose quatity befits the magazine: excellent. Send £2.00 {which
includes VAT and postage) to:

ET!I BINDERS, 36 EBpRV STREET, LONDON SWiw OLW.
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SILENT A-B SWITCH -

Speakers may be A-B tested using this simple modification to our tone-burst generator

WHEN evaluating speaker systems in
A-B listening tests, the first few
seconds of listening convey the truest
impression of sound quality. Listening
for longer than a few seconds not only
fails to give further information, but
may well give a false indication. For
this reason it is usual to switch rapidly
between the reference speaker and the
speaker under test. This is generally
done by using the amplifier's A/B

HOW IT WORKS — ETI1 124 AB

As this unit is based on the
operation of the tone-burst generator
ETI 124 described last month, that
article should be thoroughly read
first. Only the changes necessary to
that unit are detailed in this article.

Whilst an A-B switch would be a
little simpler if designed specifically
for that purpose, the modifications
required to the tone-burst generator
are so simple that we thought it not
worth while to design a special
circuit.

To make the gencrator act as an
A-B switch it is necessary to disable
the existing mode switch. We do this
by plugging in an external control
switch, SW6, via a stereo phone
socket. The phone socket has two
change-over contacts fitted which are
used to disconnect the plus and
minus six volts supplies from SW3
when the jack is inserted. One of the
phono contacts aiso disconnects the
plus six volts from the common of
the socket when the jack is removed.
As the common of the socket is
required to be at plus six volts the
phono socket must be insulated from
the front panel which is at O volts.

The control switch, SW6,
effectively shorts either R4 or RS
thus stopping the pulses from C2 or
C3 triggering the flip-flop. When the
switch is actuated there is a delay
until the number of cycles as set by
the front panel switch have occurred
and then, at the next zero crossing,
the change-over occurs. The delay is
necessary to ensure that any contact
bounce of the SW6 contacts does not
cause unwanted switching of the
circuit.

speaker selector switch, or by wiring a
change-over relay in the speaker
wiring.

Whilst such switching methods are
simple and reliable they have one
major drawback. That is that switching
may take place at any point in the
waveform and as a consequence
switching transients may be
introduced which tend to mask the
subtle differences for which one is
listening. Hence a method of switching
at zero-crossing points would be of
great value.

When the ETI Tone-Burst Generator
was constructed it was realised that it
contained all the circuitry needed to
performance this switching task and
that it could be modified to do so very
simply.

The switching must be done at low
level and hence the unit is used at the
input of a stereo power amplifier. The
reference speaker and the speaker
under test are each connected to one
channel of the amplifier and the silent
switch switches the input to the
amplifiers as required. Thus the
arrangement is mono only but this’is
all that is required to assess the
transient response and performance of
a speaker in comparison to a reference
speaker.

CONSTRUCTION

The ETI 124 Tone-burst Generator
should first be constructed, as detailed
last month, except that the wiring to
SW3 is changed as detailed in Fig. 1
and 2 of this article. The dual phono
socket and the phone socket are then
mounted on one side of the box. If a
metal box is used make sure that the
phono socket is insulated from the
case of the box as it is at a potential of
six volts. The switch, SW6, should be
mounted in a small pill container or-
similar housing and fitted with a
three-core cable that is terminated at
the other end by a stereo phone jack.
Note that the common of the switch
should be connected to the common
of the jack but that the other wires
may be wired to either of the
remaining contacts.

USING THE SWITCH.

The audio switch requires a
reasonably high level of signal to
ensure correct zero-crossing switching.
There are two suitable points in a
conventional amplifier. The first
position is between the tape-in and
tape-out sockets but the second and
preferable position is between the pre
and main amplifiers provided that the
main amplifier has a volume control
that is independent of the
preamplifier. '

+6V

R4

— 0% 47k

Fig. 1. Partial circuit diagram of the tone-burst

12 1

4
20 TIVE R
TON% OFF
SW3/1 swW3/2 il
O=w—e—o —6V
)
TONE
16 OFF?_{ ? I SW6 0—
8. OFF Y 8 eV
c3
—O 1imE 1 1C3/2 10
4 ] 4001
sw2  220p 9
20 R5
47k
+6V
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SILENT A-B SWITCH

To connect the unit for AB testing
apply a single input, from the
preamplifier (switched to mono), to Fig. 2. Interconnection diagram
the normal input socket of the to phone socket and phono output
generator. The normal output socket sockets of AB switch.
of the generator is not used but the
two phono output sockets are
connected back to the left and right
channel inputs of the main amplifier.
When SWE is operated the mono input
will be silently switched between right
and left channel speakers.

PHONE
SOCKET

If using the tape sockets the monitor
switch should be in the ‘monitor’
position and the balance control
should be adjusted so that the levels
from the two speakers are apparently
the same. Make sure that the tone l
controls are in the flat position, as ‘ .
they can cause phase shifts which =40
prevent the switching occuring at the
zero-crossing point. TO OV = 5 WAY PHONO
SOCKET

TOPIN TOPIN
81C4 111C4

If the pre and main amplifier
terminals are used the preamplifier
volume should be adjusted to about %
half way and separate volume controls
used to balance for the difference in
efficiencies of the two speakers. If the
main amplifier does not have separate

volume controls then external ones without upsetting the crossover point. controls should be set for eight cycles
must be added if balance is to be Change over may be effected by on and off as this position will
achieved. In this case the tone using either a toggle switch or a push  effectively remove any contact
controls may be used if required button. The tone-burst generator  bounce.

B Aol (e s G EXPERIMENTS
toreaders of Electronics Today International

(Puslisned price £3.35) £2.65 ) WITH
ublished Price 5) (save 70p

Hardcover OPERAHONAL

(Published Price £7-95) £6.50 (save £1-45) AMPUF'ERS

Learning by Doing

Both prices include postage and packing.

A Companion to Linear Integrated Circuit Applications
which we previously offered you, this book covers a
wide range of practical operational amplifier applica-
tions. It gives circuits which include component
values, and suggests measurements that can be made
in order to study circuit action.

FROM THE AUTHOR

: . the quickest way to learn about operational amplifiers is
actually to use them in working circuits. it does not matter very
much if a wrong connection is made in the experimental circuits,
the operational amplifier type suggested for use in this book will
tolerate quite a few mistakes and even if you destroy it it should
not break you. If resistor values.suggested in the circuits are not at

e et ionie Steieme | work (n @ foshion)  Plase send me within 21 days . _copy/copies of
) EXPERIMENTS WITH OPERATIONAL
CONTENTS AMPLIFIERS
1 Basic Operational Amplifier Ideas paperback ) : »
2 Basic Operational Amplifier Applicatipns hardback (please tick required edition)
3 Operational Amplifier Circuits with a I'enclose Postal Order/Cheque for £
Non-linear Response
4 Some Signal Processing and Measurement
Applications Address
5 Operational Amplifiers used in Switching and ‘
Timing Applications
6 Operational Amplifiers used for (Block Letters Please)
Signal Generation
Appendix: Operational Amplifier Performance Errors

Name

ETI Book Services, 25 Court Close, Bray,
Maidenhead, Berkshire. SL6 2DL.
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THE 4016A

THE NEXT DEVICE we are going to
ook at has already made a consi-
derable impact on amateur elec-
tronics. The 4016A quad bilateral
switch consists of four transmission
gates of the type discussed in the
last part, each with its own control
input. Each switch also has a signal
input and .output (although these
are interchangeable). ‘When the
control input is held high the input
to output path behaves like a pure
resistance of about 300 but when
it is low the equivalent value is of
the order of 10%Q at low frequency,
even with fairly low supply voltages.
It is impossible to give all the data
which might be necessary for
diverse applications here and data

sheets from a manufacturer may be

required by the more adventurous
experimenters. In any case the
pinout diagram in fig. 1 should now
be self explanatory.

It should be appreciated that the
output impedance of the switch is
fairly high and so for low signal
distortion, a load greater than 10k{}
is necessary. Using a high supply
voltage (10-15V) also helps to
achieve this end. The gates will pass
signals above the 1T0MHz mark but
as the frequency becomes higher,
crosstalk between the switches and
distortion will inevitably increase.'it
should be fairly clear how compli-
cated switching systems may be
realised but fig. 2 has been included
to guide constructors along the right
lines.

~

ANALOGUE APPLICATIONS

Many uses of this device in audio
equipment have already appeared
in constructional articles in this
magazine and so it is to two slightly
less obvious applications that we
shall turn now. Fig. 3 shows a
sample and bold unit; when the
control input is high the output
tracks the input but when it goes
low the output remains frozen at the
value it was at the instant of
transition. The operation of the
circuit is generally self evident and it

1

may be regarded as two voltage
followers, one consisting of “two
op-amps with the output following
the input, the other is just the
second op-amp which ’follows"’ the
voltage stored on the capacitor. It is
advisable to take care with the
layout as with all op-amp circuits
due to the huge open loop gain of
these devices. The value chosen for
C is a compromise between '‘slew-
ing rate,”” that is the rate at which
the circuit tracks a sudden change
of input and ‘‘holding ability”’

CMOS)

DIGITAL COMPONENT
SELECTION .

There are a few fairly straight-for-
ward uses of the 4016A in digital
component selection which we will
mention here because, in certain
fields, they are very useful. Fig. 6
shows how to produce digitally

- controlled resistance and capaci-

tance networks which will vary the
magnitude of the gquanity in ques-

o T o O o S o e
Voo out N
IN ouT
By i
a) ) CON CON ON
IN OUT ouT IN Vi
1 O o o o o .

Fig.1 (a) Pin-out diagram of 4016A.

CONTROL ©

[ _]
LT U]—ﬂ(

Vs

\__

{b) Circuit diagram of a single switch.

_“ —

ouT

ﬁ

which is the length of time the
circuit will hold a signal without
unreasonable decay. To give some
sort of guide, for a 10kHz square
‘wave to the control input, a 0.0 1pF
capacitor seems to optimise the
performance. The value of the
resistors is also worth experiment-
ing with.

An extension of the sample and
hold concept is the analogue delay
line which is shown in its basic form
in fig. 4. The sequence of amplifiers
and gates gan be extended to any
desired length to achieve a longer
«delay, the only limitation being that
in extreme cases the control lines
may need to be buffered. It should
be observed that alternate stages of
the circuit are driven by an identical
clock waveform and so the circuit
works by shifting the voltage on
alternate capacitors during alternate
clock phases. The value of the
passive components and the clock
frequency will have to be optimised
for specific applications, low fre-
quencies give long delays but high
distortion.

“ELECTRONICS TODAY INTERNATIONAL-MARCH 1976

tion from its basic value up to 2"—1
times that amount, where "'n’’ is the
number of gates and binary control
bits. The resistor network can be
used to produce a digitally gain
controlled amplifier by placing it in
the feedback loop of an op-amp and
this can be used as a staircase
generator as well as to produce
more interesting waveforms. One
application of the digital capacitor is
to produce a digitally controlled
sweep generator by using it as the
capacitor in one of the multivibra-
tors we discussed in the last part.

Clearly, any type of component
thay be switched in and out of
circuit by the 4016A. One possibi-
lity that is useful in some circum-
stances is to use the information on
filter design in ‘"Electronics — it's
easy’’ to produce digital filters of
different descriptions. The main
thing-to remember when using all
these ideas is that the impedance of
the component that is being
switched must, at the desired
frequency of operation, be large
compared to the 300§ of the
40186A gates. .
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Fig. 2. DPDT electronic switch realised using a single 4016 and an inverter.
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Fig. 3. A simple sample and hold c_ircui t.

D-A AND A-D TECHNIQUES

The next use of the quad bilateral
switch we are going to consider is in
the field of digital to analogue
conversion but first we are going to
look at the subject of conversion on

its own. Fig. 6 shows a D-A
converter of the type known
as a weighted resistor net-

work. The working of this cir-
cuit is easy to see and the reason
it is practical in so simple a form
in CMOS is that the high and low
output levels from a simple gate
are within a few millivolts of the
supply line thus providing accurate
voltage levels to the summing
resistors. This simple form has
disadvantages, one of which will
become immediately apparent if
you consider the diversity of resistor
values required for an eight or nine
bit version. It is for this reason that
the R — 2R network shown in fig. 7
is more popular for most applica-
tions. It is difficult to explain how
this configuration works without
becoming involved in mathematics
but it becomes fairly clear if a three
bit version is written down with the
voltages in and analysed.

The basic idea for one sort of A-D
converter or encoder as they are
often called is shown in the block

CONTROL INPUT

1 o—

(b)

CMOS.INVERTER

Y
=]
=
o
>
=

Py

Fig. 4. An analogue delay line (a) Basic circuit and (b) composition of the voltage followers used,

2 3 ] 4
Tc c Tc

9a’
{a)

% % % %
4016A 4016A 4016A [— 4016A
R w 4R B8R

2""'R

Fig. 5. Digital component control using the 4016A (a) Digital variable resistor

(b) IC
T

' 4016A

T [5

-LZC ) -L4C J_BC
= - =

_L O

2" 'c

%
4016A

1 .02
n=OIGITAL CONTROL INPUTS

[s L

{b) Digital variable capacitor.

diagram of fig. 8. This variety is
called a binary ramp encoder and is
similar to the ramp integration
method often encountered in modi-
fied form in digital measuring
equipment. The principle of opera-
tion of our binary version is that a
binary counter counts up from zero
until it reaches the equivalent of the
analogue input. Contrast this
approach with thé continuous
counter method outlined in fig. 9.
This provides a continous approxi-
mation to the input and is thus
generally more usefu! for contin-
uously monitoring a single channel
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DIGITAL INPUTS

LSB MSB

CMOS INVERTERS

CLEAR

ENABLE
BINARY
COUNTER
BINARY| [ | _ _ _ _ _ _
OUTPUTS &
PDon sgLerM
CONVERTER ocK

800k 400k 200k. 100k

50k$2

Fig. 6. Basic voltage fed Digital to Analogue
converter.

ANALOGUE

OQUTPUT INPUT

method.

ANALOGUE O—e»—

Fig.8. Outline of A-D converter using ‘Binary ramp’
The binary counter counts up to the
required value so that the output is correct during
only part of the cycle.

COMP.

DIGITAL INPUTS

LSB

INVERTERS

Fig. 7. The R—2R ladder network D—A converter.

SB

ANALOGUE
INPUT

ANALOGUE
ouTt

UP/DOWN
COUNTER

DOWN

DIGITAL
ouTPUT

D — A CONVERTER

Fig. 8. A continuous counter type A—D converter. The clock just
prevents the system oscillating at high frequency.

VIN O

Fig.10. An analogue-digital multiplier — Vou t=Vin x Digital Input.

of information. It would be an
advantage in many cases to have
the counters working in BCD for
ease of readout but this leads to
complications which can not be
gone into here. Finally on,this
subject it should be pointed out that
these are circuits for experimenta-
tion and are unlikely to be directly
applicable to any given situation.
They have been included because of
the ease with which they may be

realised in CMOS compared, say, to
TTL.

A-D MULTIPLIER

As far as digital to analogue
conversion is concerned, using the
4016A we can take the idea a little
further. What in fact we do (fig. 10)
is to use an arbitary analogue
voltage to feed the resistor ladder
and so we multiply this input by the
digital input and produce an
analogue result. This ""hybrid mul-
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tiplier'” is an interesting circuit,
particularly because the analogue
input voltage may be ac. thus
producing several interesting wave-
forms and, on a more serious note,
it may find application in hybrid
computing experiments. We shall
now leave the 4016A having, it is
hoped, suggested some of the
slightly less obvious uses of this
versatile IC.

Continued next month .
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- NOISE

THE FILTER output is coupled to the
detector via a small capacitor to make
the low-frequency rolloff even steeper
below 1.6 kHz. The precision full-wave
detector uses diodes in the feedback
circuit of an op-amp to effectively
produce ideal _ rectification
characteristics down to the millivolt
region. The output amplifier doubles
as a post-detection filter. Resistor R
determines the gain, and capacitor C
makes this stage behave as an
operational  integrator with time
constant RC. A switch is provided for
increasing the time constant by
paralieling capacitor C1; this is helpful

with sources having sharp impulse
noise. The output of the
detector/filter circuit controls the

bandwidth of the dynamic suppression
filter according to the curve of Fig. 9.

Early experiments showed that it is
undesirable to make the no-signal
cutoff lower than absolutely necessary
to substantially reduce noise with a
particular signal source. When the
cutoff is made lower than actually
needed, weak signals are unnecessarily
band-limited and the dynamic filter
produces such a level-dependent
bandwidth contrast that its action is
much more likely to be audible. Hence
a BASE CUTOFF (not “BASS
CUTOFF"’) control was found to be
desirable. This control is simply a pot
which offsets the detector output at
zero signal level by applying a variable
reference voltage to the op amp

DYNAMIC

PART TWD

I ILI ER by M.G. Strange

non-inverting inputs. This voltage,
variable from about —1 volt to —6
volts, establishes a “'starting point” or
base cutoff frequency which can be set
just low enough to virtually eliminate
no-signal noise.

VARIABLE-CUTOFF FILTER

The variable-cutoff filter, Fig. 8, is
the very heart of the system. Since
there is some part selection and
adjustment necessary, it must be
checked out separately. The basic
configuration is similar to that of the
pre-filter, except the latter’s
switch-selected resistors have been
replaced by field-effect transistors
(FETs). FET channel resistance Rpg
changes as a function of gate voltage
Vgg as shown in Fig. 11, thus varying
cutoff frequency. A resistor across
each FET establishes a solid lower
cutoff limit and smooths the control
characteristic as the FETs approach
their “off’” state. The gate circuit
network, consisting of diode D1 and
resistors R1 through R5, is used to
empirically shape the control curve
(Fig. 9) for best audible results. Diode
D1 prevents excessive positive gate
drive, maintaining isolation between
the gate and signal circuits.

An input attenuator (R10 and R11)
limits the signal amplitude presented
to the FETs to about 0.1 volt p-pat O

- VU to ensure low distortion. Output

amplifier A7 makes up exactly for this

Ve - VOLTS
Fig.9. Variable-bandwidth filter cutoff
frequency vs. control voltage.
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are critical and must be selected (see text).

RI R4
BANDWIDTH 10K 1N4148 27K
CONTROL —I5v
INPUT R2 R5
47K 33k
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Fig.8. Volitage-controlled filter schematic. FETs Q1 and Q2 =
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loss. An op amp having external
frequency compensation was used here
so that this relatively high-gain stage
could be tailored for flat response to
15 kHz (a pa741 could be used, but
would roll off slightly above 10 kHz).
Resistors R16 and R17 attenuate the
output signal by an amount equal to
the gain, so that this amplifier doubles
as the unity-gain buffer required for
filter operation. The highest cutoff
frequency is dictated by minimum
FET resistance and capacitors C1 and
C2. The latter should have values in a
ratio of about 3:1 to produce the
desired Butterworth response. Figure
10 shows the measured response of the
complete filter for four values of
control voltage.

Unfortunately, FETs vary widely in
characteristics, even between units of
the same type, so these devices must
be selected. The two FETs must be
reasonably well matched over at 15:1
Rps range for a 15:1 range in cutoff
frequency (15 kHz to 1 kHz). (Dual
matched FETs are available, but are
more expensive and not necessarily
matched for the parameter of interest
here.) A transistor curve tracer is most
convenient for this purpose and
permits selection for best linearity as
well as matching. | used N-channel
2N4220s on hand {60p each) and
selected the best matched pair out of a
group of six units. Figure 11 shows the
Vi characteristics of one of these.
There are many other inexpensive
FETs which should work as well, such
as the 2N5484, 2N5716, and 2N5717.
n fact, any
depletion-type FET with fairly low
zero-bias current (I5¢5) and pinch-off
voltage (Vp) should be usable.
P-channel units  would  require
reversing diodes D1 and D2 and the
polarity of the control voltage.

If a curve tracer is not available, the
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Fig. 10. Variable-bandwidth filter characteristics for several control
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setup of Fig. 12 can be used. A
transistor  socket  will facilitate
changing FETs. A good procedure is to
first measure Rpg at Vg = 0. Then
increase Vas {negatively  for
N-channe! FETs) until Rpg is about
three times the zero-bias value; this
corresponds to a mid-range cutoff
frequency where matching is the most
critical. With this Vas setting try
different FETs until a 10 percent or
better match is found. If Rpg values
seem to cluster higher or lower, try
another. unit as a reference and try
matching to it. When matched units
are found, check the match at
minimum Rpg (Vgg = +0.5V) and at
10 times this value of Rps. A 20
percent mismatch can be tolerated at
these extremes. My 2N4220s measure
610 ohms at zero bias, 360 ohms at
Vgs = + 0.5V, and about 8 kilohms
at Vgg = —0.7 V. R11 and R12 are
chosen for a cutoff of between 800 Hz
and 1 kHz with the coiitrol voltage at
its maximum negative value of about
—6 volts. Circuit cutoff at zero FET
bias should be roughly 12 kHz (see
Fig. 9). A slight forward bias, limited
to about +0.5 volt at the FET gates by
diode D2, then boosts the cutoff to at
least 15 kHz with maximum positive
output from the precision detector.
Resistors R6, R7, R18, R19, and
R20 reduce harmonic distortion.
significantly. R6 and R7 feed some

signal to the FET gate circuit so that
signal voltage does not appear between
source and gate, which would make
Rps vary slightly with instantaneous
low-frequency signal amplitude and
polarity. R18, R19, and R20 feed
back some output signal to the gates
to further reduce distortion (this is a
cancellation effect, not true negative
feedback).

Distortion settings are best made in

the vicinity of cutoff, where FET
linearity is the most critical. Connect a
variable-voltage d.c. source (the slider
of a 5 k pot temporarily connected
between — 15 V and ground will
suffice) to the bandwidth control
input and set it for a cutoff frequency
of 2 kHz. Then, 'with a 2 kHz
sinusoidal input at about 0 VU (2.2 V
p-p), set trimpots R7 and R18 for

lowest harmonic distortion at the
output. It should be possible to
sharply null the total harmonic

content, which consists primarily of
the 2nd and 3rd harmonics, to at least
60 dB below 0 VU. Then vary the
cutoff frequency and make sure
distortion is low for all settings. Of
course, the filter itself will reduce
harmonic distortion appreciably at its
lower cutoff values. Lacking a
distortion meter or wave analyzer,
these adjustments can be made quite
well by driving the input at 7 volts p-p
{10 dB above 0 VU) i.: accentuate the

-5V ' +15V
v 2 5K POT g

Vs SET

MEASURE
vVGs

Fig. 13 may be used.

RESISTOR
DECADE BOX

Fig. 12. Set-up for selecting FE Ts by static measurements
fsee text). Small 15 V batteries or the power supply of

MEASURING PROCEDURE
Rps VERSUS Vgg!

| SET DESIRED Vgg

2 SET R FOR Vpg=0.050 V
= R

3. Rps = 35 (APPROX)

CASE
MEASURE (N.C) D
vos
G S
BOTTOM VIEW
2N4220
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Ips — MICROAMPERES

. o™

Vps — VOLTS
Fig.11. Variable-resistance characteristics
of a junction field-effect transistor
with low values of drain-to-source voltrage.

distortion and setting very carefully
for a symmetrical output waveform as
monitored by a ‘scope. Fixed resistors,
determined by two decade boxes (the
settings interact somewhat), could
replace the pots. These adjustments,
once made, are permanent unless the
FETs are changed.

Figure 13 shows the distortion of the
complete noise filter measured at two
fixed values of bandwidth control
voltage. At normal levels, distortion is
so low that it is largety a measurement
of the harmonic distortion of the test
oscillator. The large margin above O
VU passes the highest programme
peaks ever likely to be encountered
without clipping. )

The simple power supply of Fig. 14
easily supplies the power requirement
of £ 15 volts at about 10 mA.

CONSTRUCTION

The entire filter can be duplicated
for about £40 with new parts. Very
few components are critical and sub-
stitutes can be used in most cases.
Quarter-watt, 5 percent composition
resistors are suitable. Layout is not
critical, since signal levels are high and
impedances are relatively low. |
strongly recommend that each of the
functional blocks of Fig.2 be built and
checked for reasonable conformance
with the curves before integration into
the system. This makes troubleshooting
for errors and occasional bad
components much easier, practically
ensuring success. My unit (Fig. 1 and
lead photo) is a “'breadboard in a
box.” The circuit is still undergoing
occasional changes, even though itis a
third-generation model. Parts are
mounted on terminal boards which
were on hand. A neater approach
would be to use the
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commercially-available  matrix-board
with snap-in terminals.

OPERATION

After checking the wiring, apply'

power to the unit and check for
proper power supply voltages. Positive
and negative supplies should both be
between 14 and 16 volts with respect
to ground. Much lower values would
indicate a short circuit or bad op amp.
Current drain should be on the order
of 10 mA.

The noise filter can be conveniently
connected to your audio system by
means of the Tape /n and Tape Out
jacks included on most preamplifiers.
An advantage to this connection is
that the processed signal passes
through the pre-amp tone controls,
which can be set for the most pleasing
final balance. For taping, the recorder
input is paralleled with the output
which drives the power amplifier.

For intial set-up experience, a record
having a good frequency range and
moderate, steady surface hiss s
desirable. (A slightly noisy FM station
can also be used, but results wiil not
be quite as good because of the latter’s
flatter noise spectrum.) Initial control
settings should be:

Pre-Filter: Off

Rumble Filter: Off

Time Const.: Off

Peak Rej. Freq.: 5 kHz

Base Cutoff: CCW

Suppr. Gain: CCW

Dyn. Suppr.: Off

Sig. Compare: Input
The signal should now pass through
the unit unaffected, except the Leve/
Set control will vary the gain from
zero to 3.2 {10 dB). Set the level for O
VU on signal peaks as vou would set a
recording level. Whenever the source is
changed, the signal level should be
reset as necessary.

Now switch the Sig. Compare switch
to “output”. The signal is now passing
through the rumble filter {if used) and
pre-filter, but bypassing the dynamic
filter. Lowering the Pre-Filter cutoff
setting should progressively cut off the
highs. At the lower settings, which are
primarily for acoustic records, the
signal will sound severely band-limited.
The best setting is the lowest cutoff
which does not significantly affect the
recorded bandwidth. | have found that
with vocal music, the unfiltered
sibilant sounds provide a means of
judging bandwidth. If sibilants are
quite strong and natural, a 7 kHz or
higher cutoff is indicated. if they are
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. Hz, as nothing is recorded below about

weak or have a slight “whistling” increase the noise is normally best.
??uqd: the upper limit is about 5 kHz. At this point it is edifying to monitor
sibilants are lacking, a 4 kHz or  tho bandwidth control input signat to
lower setting is best. Of course, the  the yariable-bandwidth filter with a
presence of high-frequency distortion d.c.-coupled, oscilloscope.  The

may dictate a compromise setting @ jnstantaneous voltage here is a measure
notch or two lower than indicated of high-frequency programme

‘above. The filtered and unfiltered amplitude and  dynamic filter

sounds may be compared at any time bandwidth (see Fig. 9). It should
by means of the Sig. Compare switch. follow transients rapidly and may
reach saturation {about + 14 volts) on
musical passages having high harmonic
content and on strong voice sibilants.
The Peak Rej. Freq. switch selects
the frequency of peak rejection by
choosing the appropriate filter curve
200 Hz. (Fig. 7) for  separating  the
bandwidth-control voltage from the
Next flip the Dyn Suppr switch to  input signal. The 5 kHz position is
on'’, putting the dynamic suppressor used for most electrical 78 rpm
in the circuit. The sound should records. For acoustic records or very
become very dull and lifeless, as the noisy electrical 78s where the pre-filter
high-frequency cutoff is now 1 kHz or is set for 4 kHz or less, the 3.5 kHz
less. Increase the Base Cutoff setting position gives better results. Here the
until record noise just begins to be Time Const. switch can be set for 715
audible. The signal will probably still mS. The longer time constant also
be quite lacking in high-frequency helps to attenuate sharp clicks and
content {if it is not, only the pre-filter pops occuring in quiet passages, as it
may be needed for this particular prevents the  bandwidth  from
source). Now turn up the Suppr Gain increasing rapidly enough to follow
slowly. This should '‘magically” their steep wavefronts. The 7.5 kHz
restore the highs without increasing position is used for wideband
the noise level. The highest possible recordings and tape.
setting which does not noticeably With a little practice, you will be able

The optional rumble filter is used for
the occasionai records which have
warpage or bumps or low-frequency
noise in the recording. For acoustic
records it can be routinely left at 150

.

1/4 AMP

+I15v

‘[ - GND
e

R= 300 OHM, 172 W (ADJUST IF
NECESSARY FOR 15 1V
UNDER LOAD)

C=250uF, 25V
+/C

—A =I5V
Fig. 14. Power supply. A two-channel suppressor may easily be powered
by reducing R slightly.
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to set the controls quickly for
optimum performance. It is often best
to set the Base Cutoff for a significant
improvement, rather than to try to
eliminate the noise completely. This
will minimize low-level band limiting,

and the suppressor will be less likely to.

betray its presence with obvious
bandwidth changes.

PERFORMANCE
Figures 5 and 10 indicate the
bandwidth ranges available. The

pre-filter and dynamic filter (slope is
24 dB/octave above both cutoffs) can
together provide well over 60 dB of
noise attenuation at 10 kHz and over
40 dB at 5 kHz. The overall
improvement in signal-to-noise ratio is
strongly determined by the character
and spectrum of the noise, which
varies greatly with records. With the

steady hiss typical of new electrical .

recordings on shellac, an average
improvement of 8 dB (unweighted) is
realized from the dynamic filter alone.
Including the effects of the rumble
filter and pre-filter on band-limited
material, S/N improvement can be
more than 12 dB. The apparent
improvement is even greater, since the
ear heavily weights the higher
frequencies where record noise is
concentrated.

The effect of the noise filter is
surprisingly great on records which
were originally thought to be quiet
without filtering. It is a little weird at
first to hear a familiar old record with
realistic strings and brass and clear
voice sibilants, but with . the
background suddenly rendered deadly
quiet. | have spent many hours
listening to the records and tapes in
my collection and enjoying them
anew.

The noise filter works very well on
tape noise, providing at least 8 dB
total S/N improvement. A stereo
version built for tape only could be
simplified considerably, as only the
Level Set, Base Cutoff, Suppr. Gain,
and Sig. Compare controls’would be
needed. The power supply as shown
can easily handle two channels.

The noise level of the filter itself
depends mostly on output amplifier
A7. Of several units | tried, the noise
level ranged from 62 to 68 dB below 0
VUu.

A few tips on the mechanical aspects
of copying records are in order here.
The importance of good tracking
cannot be overemphasized. More can
be gained here than with any amount
of electronic processing. Groove
radius, depth, and angle were not
standardized on early discs, and
experimentation with tracking force
and stylus size, if possible, may yield a
considerable improvement _in both
noise and distortion. The playback

stylus should, of course, ride on the
sides of the groove. If it is too small it
may ride the bottom of the groove and
skate from side to side in a partially
uncontrolled manner, creating severe
distortion. If too large, it will ride high
in the groove where it is more sensitive
to surface blemishes. Also, larger styli
cannot follow high-frequency
modulation as well, especially on the
inner record grooves. Elliptical styli
are helpful on relatively wide-range
78s if the latter have not been
damaged by previous playings.
Acoustic records (1925 and earlier)
tend to have a larger groove, since with
acoustic playback the
mechanically-imparted stylus motion
had to'supply all the sound power. For
these, a stylus of 4-mil (.004") radius
may produce better results than the
standard 3-mil size. Custom-made styli
with a “truncated” tip
smooth transition from a 2- or 3-mil
radius to about a 4-mil radius at the
very tip) have been used to track the
groove sides of 78s properly while
avoiding contact with the bottom.
(Truncated and other special styli are

available from the International
Observatory Instruments, 5401
Wakefield Drive, Nashville, Tenn.

37220). Although not a cure-all, these
can give dramatic results on selected

discs. A 2.5 mil stylus is best for most

post-1946 transcriptions. Obviously,
the pickup should have adequate
lateral compliance and should produce
no output for wvertical motion.
Incidentally, electrical recordings
made before the mid-1940s are mostly
recorded flat, that is, they have no
high-frequency pre-emphasis, while
later records have pre-emphasis of as
much as 16 dB at 10 kHz.

Edison cylinders {160 rpm) and discs
(80 rpm), some Pathe discs, and some
early wax transcriptions are vertically
modulated. Here the stylus does ride
on the groove bottom, and the pickup

should have only vertical response.
This can be obtained (as can
lateral-only  response) from a

suitably-phased stereo cartridge. Stylus
radii of 4 to 10 mils are typical here;
as always, experimentation is in order.

FUTURE DEVELOPMENT

The experimenter may want to try to*

improve the performance of the circuit
described. Of course, additional types
of processing can be added, such as
more effective click suppression at the
filter input or multi-channel
equalization at the output. These

‘would be electrically independent of

the noise filter, and beyond the scope
of this article. However, there are
some possibilities for improving the
noise filter itself. Many of these,
unfortunately, would require an
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(really a’

incongruous increase in complexity
and cost. !

Sharper filter cutoffs give a marginal
improvement on very noisy material,
,but setup adjustments become more
critical. Dynamic high-pass (low-cut)
filtering using a simple 6 dB/octave
slope might be a reasonable addition.
Since the noise-rejection frequency
band of the low-pass dynamic filter
should complement the noise
spectrum of the signal, a statistical
study of record and tape noise spectra
might lead to a better shape for the
bandwidth-control-signal  separation
filter of Fig. 7. The separation filter

_selector could be ganged with the
pre-filter cutoff switch to eliminate
one control knob. Perhaps a noticeable
improvement could be realized by
experimenting with the shape of the
bandwidth control characteristic, Fig.
9. The attack time constant could be -
shortened by using a more elaborate
filter at the precision detector output;
this would improve the response to
occasionally encountered wide-band
transients.

An obviously desirable change would
be to replace the FET
bandwidth-control filter with one of
the voltage-controlled state-variable
types. This would eliminate the need
for FET selection, but would increase
the cost severalfold. It therefore
appears that the original goal of high
performance per dollar has been
achieved, yielding a practical design
which is within reach of the hobbyist.
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told us that they plan to market
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directly.

This article has been reprinted by
permission from Audio, June 1975, Some
copy and drawing changes have been made
to suit European conditions.
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ELECTRONICS PART 25
—It’S easy' The algebra of logic.

MATHEMATICS is a kind of
shorthand language which enables us
to present a physical process, on
paper, with symbols which may be
manipulated in order to gain a better
understanding of the process. It is thus
a tool which aids understanding.

The familiar kind of algebra which
relates two variables, x and vy, in
combinations such as x+y, x-—-y, x.y,
x/y, x¥ and others is a linear process
because the two variables can hold any
value. It is this kind of algebra that is
performed by analogue operational
amplifiers.

. However, if x and y can only have
two possible states, such as a voltage
which is there or not there, we can
ignore the actual value of the voltage
(or whatever) and regard the variables
as behaving according to a two-state or
binary number system. Just what the
two states are is of no importance
whatsoever — they can be high or low,
positive or negative, there or not there
and even true or false.

A mathematical algebra has been
developed to cope with such binary
systems. It is known as Boolean
algebra — the algebra of logic, and it's
rules are somewhat different to those
of linear algebra. Before delving into
the operation of Boolean algebra, it is
worth tracing it's historical develop-
ment.

HISTORY OF SWITCHING

MATHEMATICS
Philosophers, those people who
apply special skills to resolving

paradoxes by the use of logic, have
existed since the earliest civilisations.
The Ancient Greeks were so impressed
with logic that they wrote plays
around Aristotle’s formally arranged
rules of logical deduction. The rules
for this process of reasoning were
handed down, largely by word of
mouth, through the Dark Ages, with
little, if any, recognition of their value
for logic in computation. It was not
until the early 19th century that the
use of logical rules in calculation was
established. This work was very much
the result of GeorgeBoole's 1854 work
(see Fig. 1) entitled "An Investigation
of the Laws of Thought on which are
Founded the Mathematical Theories of
Logic and Probabilities’’, Augustus de
Morgan, a contemporary, also
contributed to the first systematic
arrangement of Aristotle’s logic.

Boole took the concepts further
than the Ancients by substituting
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‘mathematical symbols in place of the
basic logical situations. This symbolic
logic became known as Boolean
algebra.

Little was achieved with Boole's
work for the next few decades. The
first machine to utilize his algebra to
solve logic problems, faster than by
hand, was William Jevons’ logical
piano of 1869. Boole’s contribution,

however, had to wait until the early
20th Century to find extensive
application. One by one, logicians
advanced the techniques of logical
algebra: Pierce, Venn, Dodgson,
Marquand, Pastore, Bollee. The

“Principia Mathematica’ of Whitehead
and Russell (1910-1913) and the

Hilbert and Ackermann work ‘’Math-
ematical Logic”’ (1928) were further

Fig.1. In 1854 George Boole, an English
logician, showed how ordinary algebra
could be applied to logic situations.
milestones in  digital computer
realisation.

Shannon’s 1938 paper A Symbolic
Analysis of Relay and Switching
Circuits’ was a paper of very practical
relevance for it described how to put
Boole's rather abstract logical albegra
to work in engineering and computer
design. But this was not the first
recorded use of electrical logic circuits.
In a letter Charles S.- Peirce wrote to
his former student, Marquand, around
1890 he expressed, in the words and
circuit diagrams shown in Fig. 2, that
logical algebra could be performed
with- three switches in parallel or in
series, also stating that he felt
electricity to be one of the best ways
to implement logical equipment.

Later theoretical studies con-
centrated on ways to ensure that
switching networks contained no more
switch contacts than were absolutely
necessary. Unnecessary contacts can
easily be unwittingly designed into
complex switching networks — the
"spares”’  are called
switches. Shannon, in his M.Sc. thesis
(Fig. 3) prepared at the famous
Massachusetts Institute of Technology,
realised ways to systematically set
about analysing a given switching

redundant -

networth in order to reduce the
contact requirements to a minimum.
Thus it was realized in the early 1940’s
that really powerful digital computers
could be built using entirely electronic
components.

Later in the course we will be
dealing specifically with computer
systems. They are, however, but a part
of the total use of digital electronic
methods — digital electronics finds use
in an ever increasing number of
instruments and devices.

BASIC LOGIC GATES

A quite satisfactory way to begin to
comprehend basic switching algebra is
to think in terms of mechanical switch
contacts arranged in various different
configurations. That we draw them
and consider them as mechanical
contacts that are either open or closed,
does not imply that the contacts
necessarily need to be mechanical —
they are, today, more often than not
the solid-state switches we discussed in
the last part.

. Groups of switches combining
digital signal levels are known as gates.

We begin by considering the simplest
possibilities where there are just two.
contacts to build with.

They can be placed in series or
in parallel, as shown in Fig.4. In each
case different conditions exist between
the transmission made through them
for the two positions of each of the
switches. We denote the switch inputs
as A'and as B (and C,D, etc., if more
are involved) and the transmission as
Z, thus using mathematical symbols to
represent a physical situation. Imagine
that the switches are wired in series
with a lamp: when a circuit is made
the lamp lights.

In the series case we need switch A
and switch B to be made to obtain a
transmission function Z. In the parallel
case either switch A or switch B will.
provide transmission.

The AND and OR are basic logical
functions. They need not necessarily
be used only to describe electrical
circuitry. They did, in fact, as we have
seen, arise originally from phil-
osophical study of truths and falsities.

Note that switch contacts are
always shown in their non-actuated
condition and this brings us to another
basic gate function which can be
realised using only one switch. If, as
shown in Fig. 5, the switch A is
actuated, Z is NOT enabled. If A is not
actuated Z is enabled. A single switch,
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Fig.2. The first known description of
electrical switching carrying out logic is in

Fig.3. Claude Shannon published details
of “modern” digital computing design in
1937.

therefore, can provide a NOT function

if its contacts are closed in the
non-actuated state.
Attempts: to explain switching

circuit action in words, as above, only
applies for the simplest of situations.
The descriptive method becomes
prohibitive when, say, we have two
switches in series, in series with two
switches in parallel, as shown in Fig. 6.
Describing the action of all possible
switch combinations on the lamp Z
using words, is an inadequate way with
which to communicate the idea. And
few digital systems are that easy:
many contain literally thousands of
AND, OR and NOT gates.

We designate an OR function by
means of the ‘+' symbol. This does not
mean the same as our normal
understanding of addition. When
applied to decimal numbers it means
addition as we normally understand it.
With binary numbers, however, it has a
different meaning and still another
meaning when designating an OR
function. For example:-

In decimal addition 1+1=2
binary addition 1+1=10
OR addition 1+1=1

g~

A1 °
SERIES
Z SWITCHING } _INVERTED
Z=AB SWITCHING
T z —

Z=A

Fig.5. The NOT function is obtained by
B+ . reversing the state of the switch operation.
PARALLEL c
Z SWITCHING
OR 2= A+B A B
o—d D
z

i

Fig.4. Two contacts wired in series or in
parallel provide the basic logic functions
of AND and OR.

Z =A.B. (C+D)
Fig.6. More complex switching functions
are best described in terms of logic algebra

this letter of C.S. Peirce written around 1880.

than by words.

In Boolean algebra the OR meaning
of addition is the one that applies.
Thus A+B=Z means that A OR B
switch closed will produce a
transmission Z.

We designate an AND function with
a dot. The dot means logical The NOT function is designated as
multiplication and is not to be a line over the switches algebraic
confused with normal multiplication. symbol giving Z = A to mean Z is NOT
However the truth tables for AND  transmitted when A is actuated.

multiplication and normal multi-
plication are the same. Thus when we
give the Boolean equation A.B=Z we
mean that if switch A and switch B are
both closed there will be =
transmission Z.

DUAL INPUT MULTIPLE INPUT

AND

NAND (negated
output}

NAND (negated
input)

OR

NOR (negated
output)

NOR (negated
input)

shchoeele

ATATRORSRY

:)D——— exclusive - OR

Fig. 7. Two-state logic gate symbols used in this course.

INVERTER
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ELECTRONICS -it’s easy!

Each of these functions have a
symbolic representation as black-boxes
with inputs that act in certain ways to
give the output. The shape of the box
(or the designation within a square
box} tells the viewer the function of
the box.

Unfortunately there still exists
more than one conventional way to
draw these symbols. For this course
we will use those given in Fig. 7, which
are also those used in projects in
Electronics Today.

The NOT function bar can be
applied to any function to signify that
it is negated. For instance, an OR such
as A+B=Z becomes A+B which is
called a NOR function. Similarly so
A.B is a NAND function.

The OR, AND, NOR and NAND
functions can each have more than
two inputs, for example, A+B+C+D=2.

When a function is negated its
graphical symbol is also altered in
some way to signify this. The

convention used is the convention of
the addition of a small round circle. If
the circle is at the output the output is
negated; if at the input the inputs are
negated. The inverter (that provides
‘negation} is basically an amplifier
providing 180° phase shift so its

symbol is that of an amplifier with the

circle added.

TRUTH TABLES

Before we discuss more complex
gate networks by studying their
inter-connection, we need to under-
stand the concept of a truth table.
This is a simply drawn table that lists
the output state for the various
combinations of input states.

Rather than write on and off, or
high and tow, true or false, it is simpler
to express the two states merely as ‘0’
and ‘1’. The positive logic convention
considers a high-voltage level as a ‘1’
and the low level as a ‘0’. Fortunately,
today, just about all logic circuits used
are now in integrated circuit form and
they ncarly all work between just two
levels
devices from a particular logic family.
This provides a compatible arrange-
ment whereby gates and other logic
system boxes (that are yet to be
introduced) can each be intercoupled

without having to worry about
matching voltage and impedance
levels. However, when transferring

logic signals between devices from
different logic families translator
circuits will be needed to make voltage
levels compatible.

Occasionally, but not commonly, it
is more convenient to reverse the levels
calling a 1 the lower voltage and an 0
the higher. This is denoted negative
logic. Such a system is however seldom
used in modern integrated-circuit logic

68

- which are the same for any.

families.

Consider then the series contacts of
Fig. 4. Assuming we use the positive
logic convention where O represents an
open contact and - 1 a closed
contact; it is easy to draw up columns
as given in Fig. 8.

When A and B are both 0 then so
also is Z, for no contacts are made.
Similarly, if either A-or B are open.
When both A and B are closed, that is
a 1 each, then Z is made. This is called
a truth table.

Fig. 9 is the truth table for the
parallel contacts of Fig. 4. In this case
Zis 1 when AorB are 1.

An interesting property of the AND
and OR functions is their dual nature
when negated. For example, if we
negate the inputs-of the OR gate the
truth table becomes that of Fig. 10,

INPUTS OUTPUTS
A | B z AND
Z=AB
0|0 0
a0 DS
B
. —
1 0 0 _
1 1 1

Fig.8. Truth table for A.B.=Z, the AND
function.

OR
ol E Z=A+B
0 A
- b4
0] 1 8
1 0
1 1

Fig.9. Truth table for A+B=2, the OR
function.

! ‘INAND AND
POSITIVE | NEGATIVE ! (IN POSITIVE

LOGIC | LOGIC  |LOGIC)
A|B|aA z
0 0 1 0
0 1 1 0
1 0.0 0
1 1 0 1

Fig.1C. Truth table showing that negative
logic for negated positive logic) input to an
OR gate provides NAND output.

the output of which is the NAND
function. Hence a negated input OR
gate is a NAND gate. Also, by similar
reasoning, a negated input AND is a
NOR. Put another way, in negative
logic an OR becomes an AND and vice
versa.

UNIVERSAL GATES

Using the basic gates, AND, OR
and NOT, we can build a logic circuit
for any given Boolean expression.
Where there is a plus sign (+) we use an
OR gate, where there is a dot we use
an AND gate and we use an NOT gate
for those functions that are negated.

However it is interesting that the
NAND gate can be used to obtain any
desired function. It can be used to
build AND, OR or NOT gates. In other
words it is a universal building block,
as is the NOR gate also.

Thus the majority of gates used in
modern logic systems are NAND gates
with the occasional use being made of
NOR gates and inverters (NOT) to
minimize complexity. The use of one
major form of gate simplifies
manufacture and reduces costs.

FAN OUT

There exists a finite number of
circuits that can be safely connected
to the input, or the output, of logic
elements. This number is called the
fan-in and fan-out respectively, and
gives the number of standard loads
that can be accommodated. Fanouts
of 10 and 30 are typical load factors.

EXCLUSIVE OR

One other important gate is a
special class of the OR — the exclusive
OR. The logic action of this gate is
seen by studying its truth table which

A B Z EXCLUSIVE-OR
0 0 0 2= A.;+Z.B‘

0 1 1| A

1 0 1 B = z
1 1 0 (z2=-2®8)

Fig.11. Truth table for two input exclusive -
— OR gate.

is given in Fig. 11. In this variation®f
the basic OR gate the output is 1 for
either A or B but not when both are 1
simultaneously. Written in Boolean
algebra symbols this gate performs
A.B+A.B=Z. (Symbols written as AB
imply that a dot exists between them:
it is common practice to omit the
AND dot). '
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ELECTRONICS

| had found several
snippets about new products that |
had hoped to relate to you in full
this month but | have suffered from

interesting

the great Post Office holdup.
Information which was sent to me
from Bedford had not arrived over a
week later and so we will devote
most of this month’s column to a
new American product; the data
arrived from Ohio within three days

of my enquiry. The new product is:

only a new approach to the age old
problem of breadboarding circuits
before setting them permanently
onto Veroboard or PCBs.

The version | have, is called an
ACE board made by AP products Inc
of Ohio, but a similar unit is called a
PROTOBOARD and is advertised
regularly in the American amateur
magazines. The idea is similar to the
S-Dec and T-Decs that have been on
sale for several years except that
the new boards are built on a
0.1 inch matrix with sockets that
are good enough to take ICs of any
size. The board that | received is
called an ACE-201K and comes in a
kit form containing three plastic
mouldings, aluminium base with
self-adhesive area, 195 terminal
strips, rubber feet and two binding
posts. The unit took me less than 30
minutes to assemble and it went to
work almost immediately with a
new clock circuit on it. Of the three
mouldings one is 48 holes long by
two holes wide and contains a
continuous strip of sprung metal
connecting all 48 holes in one
channel with a similar strip con-
necting all the holes in the other
channel, this acts as a distribution
bus for ground and supply voltage.
The aluminium base is connected to
the ground supply to give a good
backplane for circuits that require it.
The other two mouidings sit one on
either side of the distribution bus
and each contains two lots of 5 by
48 holes with the metal strips
connecting each set of 5 holes.
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Thus you end up with four lots of 48
five connector terminal strips with
the distribution strip running down
the centre.

This board has the capability of
handling up to twelve 14 pin ICs
where each pin of each IC can have
up to four leads connected to it, it
will handle a couple of 28 or 40 pin
ICs plus transistors, capacitors,
resistors,
points left over. The two binding
posts are intended to connect out to
your power supply although |
believe that one of the Protoboard
range has a 5v 1A supply built into
the unit to give a complete TTL or
CMOS test bed.

PROTOTYPER

Something that | built for my
own lab a few years ago could be of
interest to readers who do a lot of
TTL development work and could
be buiit using one of the above
boards. | used an S-Dec as the basis
of my prototyping unit and built it
into the top of a smailish instrument
case. The idea if the unit is to use

" the S-Dec sockets as inputs and

outputs to standard TTL units which
are built on veroboard inside the
case. To build a simple unit you
might require. a couple of 7400s,
7402, 7404, 7406, 7410, 7420,
7490s, 7493s, etc, in fact which-
ever dgates you usually use. You
have to open up the S-Dec and
remove the copper connecting
strips. Each strip is then cut up into
individual socket units and a wire
soldered onto the back of it before
carefully gluing it back into the
body of the S-Dec. This is a very
tedious job but you end up with
about 100 individual sockets each
connected to a short length of wire,
these wires can then be connected
to the inputs and outputs of the TTL

etc with plenty of tie- '

gates which are powered separate-
ly. If you are not too worried about
propagation delays you can connect
the gate outputs to invert gates so
that a 7400 could behave like a
7400 or a 7408."When the unit is
completed you can have a row of
five holes connected to each two
input gate such as — INPA, INPB,
OUT, OUT, INV-OUT. By simply
pushing 22swg wires into these
holes you can lead off a complete
7400 gate function to the
bradboard that you are presently
working on without having to place
a 7400 on that breadboard. The
second stage of the prototyping unit
is to include counters, seven-seg-
ment displays, LED lamps, BCD
switches, etc and then to include a
Protoboard or ACE kit on the same
layout. This gives you the capability
of building just about any circuit
you like as a prototype without
much additional cost, having
proved the circuit you can then strip
it down and build something
completely different. One further
advantage of this type of unit is that
you can use up all of your 7400s
with one gate blown or 7490s with
no A input, etc as these can now be
hidden away inside the unit. A word
of warning — if you decide to build
a prototyping unit make sure that all
of the internal ICs are in sockets for
easy replacement or to be extra sure
buffer each input and output by
connecting a 7407 between the
wire socket and the IC in use. This
means that if you do overioad a gate
it will be the cheap 7407 which
goes not the 7480 or whatever, in
this case make all of the 7407s
easily accessible for replacement.
Perhaps we might have an ETI
Prototyper in a future issue.

If you would like to buy an
ACE-201K breadboard kit you can
try to contact a company called GDS
in Slough but you will probably
meet the unhelpful buck-passing
that | did; they do sell AP products
but have never heard of ACE
boards. You can definitely get one

. from AP Products inc, Box 110, 72

Corwin Drive, Painesville, Ohio
44077 if you send them about 27
dollars (24.95 plus postage) — this
is a worthwhile investment in any
lab whatever its size.

DISPLAYS TIME AND
FREQUENCY

| have previously mentioned the
Futaba fluorescent (Phosphor-diode)
display type 5-LT-01 for use in
digital clocks and the 5-LT-03
display for use with counters
especially for use with the Gl digital
FM tuner chip. For those of you who
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want to build a digital readout for
your tuner and want to use the
same display for a digital clock wait
for a new display from Futaba. This
has the same four digits, colon and
AM/PM as the 5-LT-01 but has ailso
got an extra digit ‘1" on the left,
MHZ/KHZ on the right and a
complete set of decimal points.
Thus it can display time with colon
and AM or PM or can display tuned
frequency from 1.9999 to 19999
with the choice of MHZ or KHZ. The
type number and price have not yet
been announced but | suspect that
it will cost about £7 and be
available about April. At the same
time Futaba have also announced a
display for a digital car clock to
interface with the MM5378 (the
higher voltage version MM5379
might be better), the display size is
“about 0.25in and contains -four
digits plus colon. The drive voltage
for the display is about 30-35 volts
at about 15mA, this could easily be
derived from the car voltage
through a simple inverter circuit.

CLOCK CHIPS

One clock chip that flared into light
a few years ago and then almost
disappeared was
MM5316. This is a non-multiplexed
chip” with four digit output which

Nationals-

will show hours and minutes,
minutes and seconds, alarm time or
‘Sleep’ time, two outputs provide
switching of radio or alarm with the
‘Sleep’ timer allowing you to go to
sleep with the radio turned on. This
chip was quite expensive but would
drive Dynamic Liquid-Crystals or
Fluorescent displays directly or
LEDs via thirty transistors, the total
cost of a clock using these was in
the area of £50. National used the
same logic on some other chips
(MM5371, MM5370) but these
also died in this country. Now
several other manufacturers have
second-sourced this chip (51998,
uPD5316, KM5139, etc) and also
National have brought out some
LED drive versions (I can't
remember the numbers) and
whichever chip you use the price is
now a lot lower. :

Futaba have now made the 5316
clock a little bit simpler and cheaper
with the introduction of the
5-LT-02. This fluorescent display is
externally very similar to the
5-LT-01 the only difference being
that the display is non-multiplexed,
‘Great’, | hear you say, ‘a non-multi-
piexed display for a non-multi-
plexed clock chip’. Futaba have
been just a bit cleverer than that by
making the 5-LTO2 almost pin

compatible with the 5316, wiring
up on veroboard would be a cinch,
hand drawing a PCB would be even
simpler, and at a price of about£7 it
is cheaper per digit than LCD or
LED. As the additional components
for the clock cost less than £1 (plus
a small transformer) this could work
out to a very cheap DIY alarm'clock. -
The 5-LT-02 displays should be
available within a month or may
well be in the UK by the time this
article appears.

‘In case you have never heard of
fluorescent displays they are very
bright, green, low current (1 or 2
mA per segment), the disadvan-
tages are a heater (5V 50mA) and a
drive voltage of about 35V.
References: Futaba Displays and
National Clock chips — Bywood
Electronics, 68 Ebberns Rd, Hemel
Hempstead, HP3 9QRC.

NEC (uPD5316) and Futaba —
Walter Scott, Imp House, Ashford
Rd, Ashford, Middx.

Toko (KM5139) — Ambit
International, 37a High St,
Brentwood, Essex.

ACE-201K — GDS Sales, ??? Bath
Rd, Slough. Tel Slough 30211.
PROTOBOARDS — Ancrona Corp,
Box 2208, Culver City, California
90230.
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tech-tips

LOW FREQUENCY EXTENDER

In circuits which have a variable freg-
uency input, e.g. optical tachometers,
vibration measuring equipment etc.,
the low frequency response can feave a
lot to be desired. The circuit shown
brought the lower 3dB point of a mea-
suring instrument down to 0.5Hz
when placed in circuit between the
transducer and the instrument.

Being of small size, the circuit may
be fixed inside the case of the instru-
ment it is to serve.

The gain of the circuit may be
altered by means of the feedback cap-
acitor to give a level response compat-
ible with the instrument to which it is
connected, i.e. a higher value will
give a lower gain and vice-versa.

The 741 IC will operate at voltages
between 5 and £15V.

INPUT 10k

sy
s

1.54F

+V

OUTPUT

METERING A STABILISED POWER
SUPPLY

It is not easy for the home constructor
to make shunts of the correct value
for a meter when wishing to alter its
current range.

One way to monitor the current
supplied by a current limited power
supply is simply to measure the
voltage drop across the current limit-
ing resistor. This is usually of the order
of .65V, and if the series meter (R2)
is calculated to give fsd when .65V is
applied, will indicate the limiting
current at fsd no matter what the
value of R1 may be. In effect, the
limiting resistor becomes the meter
shunt,

For a basic TmA meter, the series
resistor R2 will need to be about
56082, for a H0uA meter it will be
about 12k£2, for a 5mA meter about
12052 and so on.

Unless individual adjustment of
resistors and calibration of range is
undertaken, this method cannot be
absolutely accurate, but it will show
whether a circuit is drawing something
like its expected current. The method
does have the advantage however, of
the meter being within the feedback
loop, and will therefore not add to the

power supply output impedance,
which can be important in some
applications.

72

READ
CURRENT,

READ
? VOLTS

O
+V o/p

/\

L

SET O/P
VOLTAGE g

>

3

l I i

The addition of a single pole C/O
switch as indicated will enable the
meter to be used to set up the desired
output voltage also, though it must
be remembered that this will include
the voltage drop across R1 if any

current is being drawn, which could
lead to a difference of 5V or so
between indicated and actual output
voltage. R3 should be chosen to give
fsd at maximum output voltage and
the meter scaled accordingly.
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LOGIC ANALYSER

This circuit has been found useful for
in-situ testing of TTL logic elements
and general circuit development. An
LED is used to indicate the state of
the strobed input a short time (about
100nS) after the output of the 8 |/P
NAND gate changes. Switch S1 is used
to control whether the strobe occurs
on the leading or trailing edge of the
NAND gate.

The five control inputs and assoc-
iated switches S2 to S6 determine
when the strobe occurs relative to
logic states in the circuit under test.
In use, one or more of the inputs
would be connected to appropriate
points in the circuit, with switches
S2 to S6 as described. For example,
the state of a particular circuit point
can be strobed each time a selected
set of five other circuit points have the
logic level 1,0,1,1,0 by setting the
switches to +,—,++,—, respectively.

An output to trigger an oscilloscope
is provided to overcome a common
problem in logic circuit testing of
finding suitable trigger points in the
circuit.

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 copy-
right. - Items for consideration should be sent to the Editor, Electronics Today
International, 36 Ebury Street, London SW1W OLW,
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This circuit provides a meter deflect-
ion that is strictly proportional to the
frequency of the input signal over the
range 10Hz—300Hz. The first 555
timer IC is used as a Schmitt trigger,
to convert the 1/P signal to a fast-edge
square wave. This is differentiated by
the network C1, R1 and R2, and the
resulting spikes used to trigger the

second 555, which operétes as a
monostable, generating constant

width pulses. These are used to turn
on the constant-current source Q1, so
that the average current in the meter
movement is proportional to the
number of pulses arriving per second.
A green LED is used to bias the
current source as this gives near-

ELECTRONICS TODAY INTERNATIONAL—-MARCH 1976

perfect temperature compensation; the
4k7 preset pot gives a fine adjustment
for calibration purposes. When the
1TmA meter shown is used, fsd is given
by 100Hz. To extend the range,
reducing C2 to .01uF gives an fsd of
1kHz.




tech-tips

IMPROVED MULTIVIBRATOR

Conventional astable multivibrators
suffer from the disadvantage that they
do not produce a good square-wave
output; the leading edge of the wave,
form has a very slow rise since the
collector resistor R1 is tied to a slowly
charging capacitor C when the transis-
tor T turns off.

This circuit prevents this effect and
thus generates a clean square-wave
with 400nS rise-times and 100nS full-
times. This is because diode D turns
off when the output begins to rise in
voltage, and a fast rise is then possible.
C is charged by a separate resistor
R2, and apart from this multivibrator
action is normal. The components
shown give an operating frequency of
about 700Hz.

10k 39k 39k
05u

* —0
R2 R1
10k 10k
c
; o/P
% e

%

TEMPERATURE-STABLE
CURRENT SOURCE

This current source is very tempera-
ture-stable; the output current varies
by less then 1% over the temperature
range -—-550C to +1000C. This is
possible because the transistor is
biased by an LED, whose forward
voltage drop has a temperature co-
efficient of —2mV/OC, the same as the
base-emitter voltage of a silicon
transistor. Hence near-perfect temper-
ature compensation is possible, a great
improvement over conventional
methods of biasing with zener diodes.

The circuit values shown give an
output current of about TmA, though
wide variation is possible by altering
the value of emitter resistance. They
are good for supply voltages in the
range 25V to 5V.

TiL209

CARTRIDGE EQ AND RUMBLE FILTER

In this circuit a 741 op amp is used
to provide standard RIAA equal-
isation for a magnetic pickup cart-
ridge. The input signal is coupled via
C1 into the non-inverting input of
the IC. R1 damps the inherently high
impedance at this point and provides
the correct load for the cartridge.
Feedback from the output, pin 6, is
taken through the equalisation net-
work R2, C3, R3 and C4 to the
inverting input.

The ratio of R2 to R4 sets the
midband gain at 65, 35dB. C1 and C2
together form a steep cut rumble
filter whose cut off point can be set
at 20 or 40Hz by selecting the appro-
priate component values in the table..

O _4_15v

C2 also reduces the dc gain of the
circuit to unity so that the output
offset voltage will be *5mV with
reference to OV.

One of the major disadvantages of
discrete equalisers is overload distort-
ion. Although the output of a
magnetic cartridge may be only about
5mV normally & musical peak may
well force the cartridge output to
100mV. Clearly unless a large signal
swing is possible the sound emmanat-
ing from the speaker is not going to be
Hi-Fi.

This circuit, operating from a *15V
supply, has an overload factor of
+35dB refered to a nominal input of
5mV, equivalent to a maximum input
of 325mV!
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E PRINTED GIRCUIT KIT
L JULL S No frills, alt. value kit containing 4 pieces 8'' x S-DECS AND T-DECS

Pri. 240v. sec. 27/0/27v at 800 m/a, 7" formica laminate, 1 pce. 6'' x 6' | S-DEC £1.90. Post & Packing 20p.

£2.25. P.P. 50p. fibre-glass laminate, 1 Ib. etching crystals, 50 | T-DEC £3.60. Post & Packing 30p.
Pri. 110/240v sec. 50v at 10amps, | (cq r—gsist-ink with 'instructions.g£2».l30. pp. | U-DEC A £4.20. Post & Packing 20p.
£10.00. P.P. £1.50. U-DEC B £6.90. Post & Packing 40p.

50p.
Pri. 110/240v sec. 20/21/22v at 8 amp,
£6.00. P.p. £1.50 CIRCUgBORED OVERLOAD CUT-OUTS
FORMICA Panel mounting 800 M/A. 1.8 amp. 10

Pri. 110/240v sec. 23/24/25v at 10amp, | P;C.B. 1/16. 1 oz. COPPER
£7.00.P.P. £1.50.

Pri. 110/240v sec. 24/40v at 1%2 amp,
£1.90. P.P. 60p.

Pri. 240v sec. 20/40/60v at 2 amp,
£3.00. P.P. 70p.

Pri. 240v sec. 20v at 2V amp, £2.00. P.P.
50p.

Pri. 240v sec. 18v at 1.5 amp and 12v at 1
amp, £2.25. P.P. 50p.

Pri. 240v sec. 18v at 1 amp, £1.00. P.P.

Dim. 8.4 x 7.7 in 3 pcs., 75p.
Dim. 9.4 x 8.1 in 3 pcs., 90p.
Dim. 10.1 x 7.9 in 3 pcs., £1.00
Dim. 13.1 x 9.4 in 3 pcs., £1.20.
Dim. 17.0x 8.0 in 2 pcs., £1.20.
Post & Packing 30p each pack.

BARGAIN PACK

10 pcs. 10.1 x 7.9 in. Plus free 1/2 Ib
etching Xtals, £2.80. P.P. 45p.

amp. 55p ea.

HIGH CAPACITY ELECTROLYTICS
250mfd/63 volt. 20p. P.P. 8p.
1000mfd/ 100 volt, 70p. P.P. 25p.
2200mfd /100 volt, 90p. P.P. 25p.
4700mfd /25 volt, 65p. P.P. 20p.
6800mfd/ 16 volt. 50p. P.P. 15p.
10,000mfd/ 25 volt. 75p. P.P. 25p.
25,000mfd /40 volt, £1.25. P.P. 30p.

a6
L

PR "o

30p. FIBRE GLASS P.C.B.
"TOROIDAL" Pri. 240v sec. 30v at Y2 amp, Dim. 6 x 6 in, 35p each.
£1.65. P.P. 30p. Dim. 12 x 6 in, 60p each.

Dim. 12 x 12 in, £1.00 each.
SIEMENS MINIATURE RELAYS . Equals less than 1p sq. in.
6v 4c/0 with base, 65p ea.

Post & Packing 5p per sheet.
24v 2c/o0 with base, 50p ea. RESIST COATED P.C.B. FORMICA

47,000mtd/40 volt, £2.00. P.P. 50p.
100,000mfd/ 10 volt, £1.50. P.P. 50p.
160,000mfd /10 volt, £2.00. P.P. 50p.

10.7 M.H.Z. CANNED LF.s
Size 1 x 2 x Y2 in, 65p. P.P. 10p.
3 Gang Tuning Capacitor, 8.5pf to 320pf,

10.1x 7.9 in, 55p ea. 80p. PP 200
MAINS RELAY 240v 13.1x9.4in, 70p ea. MINIATURE METERS
3c/0 10 amp contacts, 80p with base. P.P. RESIST COATED P.C.B. FIBRE GLASS 500 micro-amp (level-stereo beacon, etc.),
20p. 6 x 6 in, 50p ea. scaled half black/half red. Size 1 x 1 in, 65p.
- 12 x 6 in, 90p ea. P.P. 15p.
GARRARD PLINTH & COVER 12 x 12 in, £1.50 ea.

RIBBON CABLE

8 way. 8 colours. Bonded flat side by side.
10 Metres, £1.90.

100 Metres, £12.50.

For Zero-100, etc. Finished in brushed Post & Packing 10p per sheet.

aluminium and black, with hinged smoke | FERRIC CHLORIDE ETCHING XTALS

grey perspex lid, £11.00. 11b — 1 litre pack, 60p. P.P. 15p.

BLUE P.C.B. INK 5lb — 5 litre pack, £1.95. P.P. 55p.
e - 10 NELMES WAY, HORNCHURCH

Etch resist, use with any pen, much cheaper o

than ready-ioaded pens 50ccs. Price 55p. KINNIE GOMPONENTS 5%%%%:’3;&:%167

P, T MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT

SC60 ADVANCED

SCIENTIFIC

The SC60 1s the most advanced
scientific and statistical calculator in
Its price range

[J] 3 memories
[] 50 tunctions
[] 66 keyboard commands

Operating Features
@ Algebraic mode entry @ Two nested
parentheses levels @ Number entry in
floating point or scientific notation @
Automatic selection of current notation
for result display (scientific or floating
. poin) @ 10 digit mantissa. 2 digit
Functional features  g,ponent @ Sign selection and display
of the system include  (mantissa and exponent) @ Full chain
Basic arithmetic + —. X +) calculation with any function sequence @
Ian\I/%r's‘:emT:‘rIuansu(:cl:r(‘q'of\‘:s('s“:n)‘ cos =1, tan~1) Three user addressable memories @
LU - - Protected”” memory group includes —
Loganthms (1n, 'Cg) ® (Anti-logs (6 X, 109 5um memory — Sux-gf-sqzares memory
Exponentiation {y N ~ Index memory
Combinatonial functions {n!, (1), {n) ¥ :
Normal Distnbution function (Pr(x))
Gamma function (T(x})
Anthmetic mean. standard dewviation, vanance sq
. of sum of squares, norm
Group operations {£2, g, X. I%Xll)
Group comtrots (k? .k} . &1 2|, CLGRP )
Convenience functions {1/x, x2 V/x __7)
Flexible memory caontrol {STO, RCL, XM)
Factor reversal {(XY)
Degree /Radan selection (Tng or Inverse Trig)
Automatic error detection and display
Separate Clear operations (CE. CL, CLF, CL&RP )

MEMORY: three addressable memories which can also be used Hly for
memory, sum of squares memory and index memory plus index register.
ACCESSORIES a3 for $C44 SCIENTIFIC

$C60.10 MEMORY ,
Also available is the SC80.10 — which has 10 operator accessibie memories with prolected group memory which
includes sum-memory. sum of squares memory. and index memory  £64.95 inc. VAT p.&p.
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SC44 SCIENTIFIC

{1) Operating features of the system
include

@ Number entry in floating point or
scientific notation

@ Automatic sefection of correct nota-
non for result display (scientific or
floating point)
Algebraic problem entry
Two parenthesis levels
8 digit manussa 2 digit exponent
Sign selection and display {(mantissa
and exponent)
Full chain calculation with any
function sequence

1 YEAR WARRANTY

ACCESSORIES INCLUDE

Nicol rechargeable batteries, A/C adaptor/charger
featherette carry case. instructions, 1 year guarantee
weight 330 grams

VAT & pp.p.

We repair most makes of calculators. send s.ae for
quotation
- e Vo S VIS S D GES D WM TS S S SOEE DS Shes S S

Please send me SC60 - £54 inc. VAT, p.&p
or SC60.10 -£64.95 in. VAT, p.&p

| or v SC44 -£34.56 inc. VAT, p &p

with sum I NAME

| aporess

Orders 100 KRAMER & CO., 9 October Place, Holders Hill Road,
London NW4 1EJ. Tel 01-203 2473. Telex 888941 attention KRAMER
I Registered No. 1797716, Export orders invited
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Wilmslow
Audio

THE firm
for
speakers!.

Baker Group 25 3. 8. or 15 0ohm
Baker Group 35, 3, 8 or 15 ohm
Baker Deluxe, 8 or 15 ohm .

Baker Major. 3 8 or 15 ohm

Baker Regent. B or 15 ohm

Baker Superb. 8 or 15 ohm

Celestion MH 1000 horn, B or 15 ohm
EMI 2% tweeter 8 ohm . .
EMI 8 x 5, 10 watt, d/c. roll/s 8 ohm

Elac 59RM 109 15 ohm. 59RM114 8 ohm £3.44

Elac 6'2' d/c roll/s B ohm £4.06
Elac TW4 4'/ tweeter £1.75
Fane Pop 15 watt 12' 8 or 16 ohm . £5.25
Fane Pop 55, 12* 60 watt 8 or 16 ohm . £13.95
Fane Pop 60 war, 15’ 8 or 16 ohm .. £17.25
Fane Pop 70 watt 15, 8 or 16 ohm ... .. . £18.75
Fane Pop 100 watt, 1B” 8 or 16 ohm ... . .. £25.95
Fane Crescendo 12A or B, 8 or 15 ohm £34.50
Fane Crescendo 15, 8 or 15 ohm £47.50
Fane Crescendo 18, 8 or 15 ohm £62.95
FaneBO7T 8" d/c, rolls/s. 8 or 150hm . £5.75
Fane 801T B d/c roll/s 8 ohm £9.95
Goodmans 8P 8 or 15 ohm £5.50
Goodmans 10P 8 or 15 ohm £5.80
Goodmans 12P 8 or 15 ohm £13.95
Goodmans 12P-D 8 or 15 ohms £16.95
Goodmans 12P-G 8 or 15 ohms £15.95
Goodmans Audiom 200 8 ohm . £13.90
Goodmans Axtent 100 8 ohm £8.44
Goodmans Axiom 402 8 or 15 ohm £20.00
Goodmans Twinaxiom B 8 or 15 ohm . . £10.14
Goodmans Twinaxiom 10 8 or 15 ohm £10.75
Kef 727 £6.06
Kef T15 £6.94
Kef B110 £8.37
Kef B200 £9.50
Kef B139 £16.95
Kef DN8 £2.31
Ket DN12 £5.99
Kef DN13 o £4.50
Richard Allan CGBT 8" d/croll/s £8.50
STC 400 1 G super tweeter . £6.56
Baker Major Module, each £13.44
Goodmans Mezzo Twinkit, pair £47.19

Goodmans DIN 20. 4 ohm, each . £14.7s
Helme XLK30, parr .. .. .. b0 @acco £19.00
Helme XLK 33, pair . £24.00
Helme XLK 40, parr £35.00
Helme XLK50, pair . ....... ........ £56.00
Helme XLK 60, pair . . .......... £56.00
Kefit 1, pair £53.00
Kefit lll. each £48.00
Peerless 3/15 (3 sp syslem) each . £17.19
Richard Allan Twinkit, each £10.95
Richard Allan Triple 8, each £16.50
Richard Allan Triple, each . £23.95
Richard Allan Super Triple, each . . . . £28.75
Wharfedale Linton 2 kit (pair) £23.12
Wharfedale Glendale 3 kit. pair £40.62
Whartedale Dovedale 3 kit, pair . £63.12
Wharfedale Super 10 RS/DD . £15.00
Castle Super 8 RS/DD .. __ £10.31
Jordan Watts Module 4. 8 or 15 ohm £17.06
Tannoy 10" Monitor HPD . ... £67.75
Tannoy 12'° Monitor HPD . £72.50
Tannoy 15" Monitor HPD £92.95

Prices correct at 19.1.76

INCLUDING VAT AT 25% ON HI-FI
8% ON PRO AND PA

Cabinets for PA and Hify, wadding. Vynair. etc.

Send stamp for free bookiet

FREE with all orders over £10 — *'HiFi
Loudspeaker Enclosures’’ Book

All units are guaranteed new and perfect
Prompt aespatch

Carriage Speakers 50p each.12’* and up 75p
tweeters and crossovers 30p each, kits 80p each
* pair)

‘Choosing a Speaker™”

each
160

WILMSLOW AUDIO

Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF. Tel. Wilmslow 29599
{Discount HiFi, PA and Radio at
10 Swan Street, Wilmslow)
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BUILD THE

TREASURE
TRACER
MIKHI

METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

e Genuine 5 silicon transistor circuit,
does not need a transistor radio to
operate.

e Incorporates unique varicap tuning
for extra stability.

e Search head fitted with Faraday
screen  to eliminate capacitive
effects.

e Loudspeaker or earphone operation
(both supplied).

e Britain’s best selling metal locator
kit. 4,000 already sold.

e Kit can be built in two hours using

~only soldering iron, screwdriver,
pliers and side-cutters.

® Excellent sensitivity and stability.

e Kit absolutely complete including
drilled, tinned, fibreglass p.c. board
with components siting printed
on.

e Complete after sales service.

e Weighs only 220z; handle knocks
down to 17 for transport.

Send stamped, self-addressed en-
velope for literature.

£12.50

Plus 85p P & P
Plus £1.00 VAT (8%)

£11.50

Plus 85p P & P
Plus £1.40 VAT (8%)

Complete kit
with pre-built
search coil

Built, tested
and Guaranteed

MINIKITS ELECTRONICS,
6d Cleveland Road, South Woodford,

LONDON E18 2AN
(Mail order only)

RADAR
INTRUDER
ALARM

MICROWAVE
PROTECTION

GIVES COMPLETE
PROTECTION
TO YOUR HOME OR
OFFICE

Genuine microwave doppler
effect radar burglar alarm

Incorporates sophisticated elec-
tronic circuits

Can be made to project through
walls, doors, glass, etc.

The room is filled with
microwaves and cannot .be
entered without activating the

alarm.
Easily installed.

Adjustable sensitivity filter con-
trol, to eliminate small objects.

No hidden wires, switches.

Internal alarm and outputs for
external devices.

Simply position the radar intruder

alarm

to give maximum room

coverage and switch on.

Battery or mains operation.

Built, tested
and Guaranteed

£49.95

Plus 75p P&P
Plus£4.06 VAT

Manufactured exclusively for

METAC INTERNATIONAL

Dept. B, Cross Lane,
Braunston
Daventry, Northants

Tel. Rugby 890 672

Barclaycard, Access welcome
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DIGITAL DISPLAYS & LED's

ON ON I_TD DL704 99p DL747 1-78 -2 RED LED ONLY 13p
(L D ) DL707 99p DL750 1-75 GREEN CLEAR 15p

THYRISTORS 3A 1A 3A 6A 8A 10A
Transistors BC183 fop* BF337 32p CRS1-10 25p 2N697  12p (TO92) (TOS5) (C106 type) (TO220) (T0220) (T9220)
AC126 15p BC183L 1¢p* BFWS60 $7p* CRS1-20 35p ’;’NWG 10p 50 :g ﬁ i: :!’ ﬁ s} .
AC127 16p  BCig4 11p* BFX20 28p CRS1-40 40p 2N$ ::o m 22 % b a - o
AC128 13p  BCis4L 1ip* BFX30 30p  CRS1-60 65p  ZU830 ~ 14p 2% a H 3 ] - b
AC128K 25p  BC207B 12p7 BFX84 23p  CRS3.05 34p  ZMI13) “u i . ] e B e
AC141 18p  BC212 fips BFX85 25p  CRS3-10 4sp  ZN1152 16p .
ACIuK b BCH 1L Bives 2ob  CRosa0 e 2N1s 20p | TRIACS (PLASTIC TO-220 PKGE, ISOLATED TAB)
AC142K ZI:: BC213L 12p® BFYS1 18p  CRS3-60 85p gN;m ::p ‘A §-SA l-sA(b) (a)“A(b) (a)‘SA(b)
AC176  16p BC214 14p* BFY52 1 MJ480  Bep N2102 D (&) (b) (a) (b)o .(_a)' T~ S R
ACI76K 25p  BC214L 14ps BFY64 35p  MJ4s1 £1-08 2N2369 14p | 100V i Y B8 B0 i (Bl (B RS T
AC187 18p - BC237 16p* BFYS0 65p  MJés0 9op  2N2369A 14p 200 V 0:64 064 075 075 08 L o Gl Ry il
AC187K 25p  BC238 18p* BRI00 20p  MJ491 £1-15  2N2484  16p 400 V 077 0-78 080 0-83 o:s;l ‘zo: RIS RTs 14
AC188 18p BC300 34p BRY39 40p  MJE340 d4op® 2N2646  S0p 600 V an s 09 08T 101 12 128 442 el
AC188K 25p BC301 32p BSX19 16p MJE371 60p 2N2905 18p N.B. Triacs without mternpl trigger diac are priced under column (a). 'cd w
AD140 S0p BC323 &0p BSX20 18p MJE520 45p 2N2905A 22p internal trigger diac are priced under column (b). When ordering please indicate
ADl42 00  BC3Z 18p% BSX2l 20p  MJES: Ssp  ZN2326R |g:: clearly the type reguired.
AD143 46p BC328 16p® BSY95A 12p  OAS 50p* -
AR Gp SR R FURD R o gmsgg\é 12": T 24 25-99 100+ 1-24 25-99 100+
AD161  35p BC338 17p* BT107 £1-60 0A91 8p N29: p 1-24  25-99 100+ 1 e 2 e i o
AD162 35p BCY70 12p BT108 £1-60 0OC41  15p  2N3053 15p 7400 14p  12p 10p 7445 8Sp P EJ a2 RN ToR S ¢
AL102 95p BCY71 18p BT109 £1-00 OC42 15p  2N3054 40p 7401 14p 12p 10p 7447 8ip T5p 65p 7‘9 Lo Gh =D
AL103  93p BCY72 120 BT116 £1:00 0OC44 12p 2N3055 50p 7402 14p 12p 10p 7448 T5p 62p S0p 95 s -'()u lsp 1zp
AF114 20p  BD115 S5p BU105 £1-80* OC45 10p 2N3440 S6p 7403 15p 12{p 10p T447A95p 83p 67p 74100 ! z.p up
AF115  20p BD131  36p BU105/ 0cre 1 2N3442 £1-20 7404 165p 13p 1p 7470 30p 25p 20p 74107 35p z3» 23p
AF116  20p BD132 40p 02 £1:90* OCN 10p 2N3570  80p 7493 t6p 13p 1p 7472 25p 2p 17p 74121 34ép ”p 3‘p
AF117T  20p BD135 36p BU126 £1-60* OC72 22p 2N3702  §0p° 7409 $6p 13p 11p 7473 30p 25p 20p 74122 ;79 “p s3»
AF118  50p BD13 3%p BY206 15p* OCs4 14p  2N3703  10p- 7410 16p  13p 1p 7474 32p 26p 21p 74141. T8 p P
AF139  33p BD137  40p BY207  20p*® SC40A 73p 2N3704  10p° 7413 20p 24p 20p 7475 4Ip 3%p 3Mp 74145 :l.p us_sp ::p
AF239 37p BD138 48p  BYX36-300 SC40B gy,  2N3705 10p” 7417 2Tp 22ip 20p 7476 32p 26p 2ip 74154 £1-62 34: D
BC107 p BD139  8p 12p® SC40D gg,  2N3706 10p: 7420 $6p 13p 1ip 7482 TSp  62p S0p 74174 £5-00 83p P
BC107B 16p  BD181 88p  BYX36-600 SC4OF gg,  2N3707  i0p 7427 2Ip  22ip 18P 7485£1-30 £1-09 87p TMB0£1-06 88p Tip
BC108 13p  BD182 92p 15p*  SCHA ggon  2N3714 £1-05 7430 160 130 19p 2450 325 26p  21p 74181 £3-20 £2-50 £1-90
BCI%9c 1o Dpiss STp  BYX35-000 SCHB  70p INamoelos | 142 20 Zip 180 0000 £rg0 £218  TAI92 £1-35 €144 %0p
BCI05C teb,  BD23m 60pT L srom® SSHID 8sp  aN3rHt £1-60 w b .’%,*," e 740 p dep 22 THISIE1-35E114  S0p
gcl‘zs o Bozg :::- 21p* S0p  2N3772 £1-60 7442 65p 55p 43p 7491 85p S55p  4Sp  T196 £1-64 £5-34  99p
BCi2 I BDzs g0y BYN- Hbzea 4o onome zesc | LINEAR IC's
3815 ;;p BB{,“ 3L B%?a& S0 TIP30A o 2N3904  16p* '301A 8 pin DIL 35+ 390014 pin OIL ~ 78* 56514 pin DIL  £2-00°
BC143  23p  Bovas eob 60 55p TIP31A 54p  2N39%06  16p* 307 55" 709814 pinDIL  35* 58 pinDIL  £1-50°
BCI44 380  BDYso een  BYX3s- TIP32A 2N4124  §4pe 309K 1-60 7418114 pinDIL - 28* o0 Ay 2000
BCI47  9p° EBDYE! 65h 900 68p TIP34 £1-05  2N4290 §2pe 380 14 pin DIL 90* 748 8 pin DIL 38 i
BC148 p* BDY62 55: BYX38- TIP41A 68p 2N4348 £1-20 381 14 pin DIL 1-60* $55.8 pin DIL 45 CA3046 14 pin DIL 50.
BC149 9" BF178 28p BZ1)2(%° &5p m;g: ;’f: gN::;? 35". Matching charge 20p per pair. P & P 20p—Overseas 80p. CA3045 85
BC152  25p" BF179 3ep 1 series -
BC1S3 1807 BFts4 fops | zeners 200 (REO0 10 DR - | NATIONAL CLOCK CHIPS -
gg:gg ::" g:}gg :;p: :gj)((:: o;eries IN4002  Sp*  2N4922 S5gp* MMS314 .. £3.75 MM5316.......... .. ... £5.25
BC159  9p°  BF9T  12p* e :; p* ::“‘003 SID: gzwzs ;::: (Basic clock chip giving 6 digit display) (Slophisst_ic"?tl:d ‘odg\{ic.foér;gludmg
BC160 32p BF224J 18p* 106 A P 4004 .« 3 5060 250e alarm, similar
BC161  38p  Broas 47p* C106B 45p  IN0OS  8p%  2NS061  25p°

IN4006 9 2N5062 27

BCies bt e sop I%D e NG Col N2 Zo- | HIGHAM MEAD, CHESHAM, BUCKS. Tel. {02405) 75151
BCi82L 11p* BF28 350 Cpsigs 25,  2N6%6  1dp  2N5496 65p VAT—Please add 8% except items marked * which are 2%

FEBRUARY ISSUE

INGLUDES

FREE

WALL CHART—DESIGN DATA TABLES
SAVE TIRESOME CALCULATIONS

The Design Data Tables list both capacitive and inductive reactances at radio and audio frequencies. Also
given are the resistance and capacitor values required in symmetric multivibrators running at audio
frequencies, sinusoidal a.c. peak, average and r.m.s. values, decibel ratios up to 100dB, maximum
potentiometer currents and information on copper wire gauges.

*

SPECIAL FEATURE

RADIO:ELEGTRONIGS

CONSTRUCTOR

4-CHANNEL STEREO MIXER

A comprehensive design *which allows four separate stereo

signals to be combined at any required micing level.

ON SALE NOW
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The *a Complete Kit
or fully built.

\

"MISTRAL" Digital Clock

° Pleasant green display ¢ 24 Hour readout

o Silent Synchronous Accuracy ¢ Fully electronic
Pulsating colon ¢ Push button setting
Building time 1Hr ¢ Attractive acrylic case

© Easy to follow instructions ¢ Size 10.5x5.7x8cm
® Ready drilled PCB to accept components

A 4

Dept ETI
Exetron Time Ltd. offer this EXETRON ( P . )
unique transformerless desipgn Regal House,

at a substantial saving on re- R

tail price. The kit is compl- Penhl" Road,

ete less mains lead - all you LANCING, Sussex
require is a soldering iron, ’ )
.solder, and screw driver to

assemble your own digital Payment . CWO, Cheque! ACCGSS,
clock.

Barclaycard. (auote Number)
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New Course in Digital Design

Understand the latest

developments in calculators,

computers, watches, telephones,
television, automotive instrumentation. . . . Computer Arithme‘uc

Each of the 6 volumes of this self-instruction
course measures 11%’’ x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and

- Memories & Counters

After completing this course you will have
broadened your career prospects and

considerably increased your fundamental under- ! CﬂlCUlatOT DeS|gn

standing of the changing technological world

around you. A
T E—— ComputerArchitecture

elementary course assuming
no prior knowledge except
simple arithmetic.

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

Boolean Logic

Arithmetic Circuits

In 4 volumes:

1. Basic Computer Logic
2. Logical Circuit
Elements
3. Designing Circuits to
Carry Out Logical
- Functions
4. Flip flops and Registers

plus 50p packing and
surface post anywhere
in the world (VAT zero
rated). Payments may
be made in foreign
currencies. Quantity
discounts are available
on request.

Offer. Order this together

plus  with Design of Digital
9 50p Systems for the bargain
(] P&P  price of £9.25, plus 50p, p&p.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digitai
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents, also covers many more advanced topics. r —————————————————————————— -

To: Cambnidge Learning Enterprises,
FREEPOST, St. Ives, Huntingdon, Cambs PE17 4BR

Designer These courses were written so that you could teach
Manager yourself the theory and application of digital logic.
. Learning by self-instruction has the advantages of
Enthusiast being quicker and more thorough than classroom
Scientist learning. You work at your own speed and must

*Please send me . . . . . set(s) of Design of Digital
Systems at£6.45 each, p&p included

i I

I |

| |

| I

| |

Engineer respond by answering questions on each new piece : or. .. .. set(s) of Digital-Computer Logic and :

st d t of information before proceeding to the next. | Electronics at£4 .45 each, p&p included ]

uden I . , . . |

| or..... combined set(s) at£9.75 each, p&p included

. I

Guarantee -no risk to you : NaME. ..ot '
. g . . AGATeSS.....eeniieieeeeie et age e e e e aeeeneaarean

If you are not entirely satisfied with Design of : ress :

Digital svstems or Digital Computer Logic and [ e t

Electronics, you may return them to us and your ettt :

| *delete as applicable. BE '

money will be refunded in full, no questions No oot 1ot orint FREEPOST on th '
u mp-—jus nn on e envelo; o
asked. _ L _ _Noreed to use & stamp—iust print FREEPOST on the en phpi o'
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MINI-ADS

FOR DETAILS ON ADVERTISING IN
MINIADS, OR ELSEWHERE IN ETI,
CONTACT BOB EVANS, 01-730 8282

PREC
PULYCARBUNATE CAPACITURS

All High Stability — Extremely Low Leakage
WGE DIMENSIONS .

VALUE m: 3 * =
L( lml) H: B3v Range 1% 2% 5%

0.1aF 27 12.7 '0.47uF 67p 5p 43p
0.224F 33 16 ‘| 1.04F 82p 6p 52p
0.254F 33 16 2.24F %p 75p 6lp
0.47,F 33 19 4.TuF €162 013 S4p
0.5uF 33 19 6.8uF £1.96 £1.38 £L13
8uF 50.8 19 10uF £2.40 £1.95 £1.84
Louf 508 19 ‘154F 822 27 224
2.04F 50.8 25.4 -224F £428 £3.68 £3.08

*TANTALUM BEAD CAPACITORS — Values available: 0.1,
0.22. 047, 1.0, 2.2, 4.8, 6.iuF at 15V/25V or 35V; 104F at 16V /20V
or 25V; 22.04F at 6V or 16V; 33.04F at 6V or 10V; 47.04F at 3V or
6V; 100.04F at 3V. ALL at 10p each. 10 for 95p, 50 for £4.
TRANSISTORS & 1.C."s

ACI28 14p | BC268A/384° 10p OC71 12p
AC176 16p | °BC547/558A I12p “2N2926G  12p
ADI149 BCY72 12p *IN29260  Up
AF178 30p | BDI3/I32 3%p *2N2926Y  llp
. AF239 38p | BF1I5/167 22p 2N3054 65p
BCl107/8/9 9p | BFIT3 Ap 2N3055 50p
*BC114 12p | BF178 26p 2N3702/
*BC147/8/9 10p | BFIs4 2p . 3704 11p
*BC153/154 12p | *BFI1S4/196° 12p || *TIP30A 52p

*BC157/8/9 12p | *BF196/197* 2p

BC177 18p | BF200 27p . TIP32A &p
*BC182/183L Mp | *BF262/263° 6dp TIP3055 55p
*BCI83/183L Ilp | BFY50/51/52 20p *MPUI31  48p
*BCI84/184L 12p,| BFX84/86/88 20p NES535 6lp
*BC212/212L Mp°| BFXSS 26p 741C 32p
*RC213/213L 11p | BRIOI 4lp ZN414 £1.15
T*BC214/214L Mp | GET872 25p SN76013ND
BC267 120 | '0C4/0C45 14p £l

POPULAR DIODES—IN914 6p, 8 for 45p, 18 for 90p; IN916 Sp.G
for 45p, 14 for 90p; 1544 5p, 11 for 50p, 24 for £1.00; IN4148 5p, 6
lor 27p, 12 for 48p; IN4001 5%p; 002 8p; 003 6*ap; 004 7p; 006 8p;

LOW PRICE ZENER DIODES—400MW. Tol. +5% at SmA.
Values available: 3V, 3.3V. 3.6V, 47V. 5.1V, 5.6V, 6.2V, 68V,
7.5V.8.2V. 81V, 10V, 11V, 12V, 13V, 135V, 15V, 16V, 18V. 20,\/.
22V, 24V, 27V, 30V. All at 7p each: 5 for 33p; 10 for 65p. SPECIAL
OFFER: 100 Zeners for £6.00.

*RESISTORS—High stability, low noise carbon film 5%. '2W at
40°C.'%4W at 70°C. E12 series only—(rom 2,24 to 2.2M1}. ALL at
1p each, 8p for 10 of any one value, 70p for 100 of any one value.
SPECIAL PACK. 10 of each value 2.212 to 2.2M 1} (730 resistors)
E5.

SILICON PLASTIC RECTIFIERS—1.5 amp. brand new wire
ended DO27; 100 P.L.V. 7p (4 for 26p), 400 P.LV. 8p (4 for 30p).
BRIDGE RECTIFIERS —2' amp, 200V 40p, 350V 45p, 600V 55p.
*SUBMINIATURE VERTICAL PRESETS—0.1W oniy. ALL at
3p each; 501). 10012, 22010, 4701), 68012, 1k1d, 2.2Kk1), 4. 7k\). 6.8k1),
10k, 15k, 22k, 47kQ, 68k{), 1001), 250ky), 680k(). IMQ),
2.5MQ). SM1).

PLEASE ADD 15p POST AND PACKING ON ALL ORDERS
BELOW £5. ALL EXPORT ORDERS ADD COST OF SEA/AIR

MAIL.
PLEASE ADD 8% VAT to all items except those marked with *
which are 25%.

Send S.A.E. for lists of additional ex-stock items
Wholesale price lists i to bona fide

MARCO TRADING
Dept. D3)

The 0ld School, Edstaston Nr. Wem, Shropshire

Tel. Whixall (Shropshire) (STD 094872) 464/5.

(Proprs: Minicost Trading Ltd.)

GLASS FIBRE P.C.B.s. Send 1.1 master and
30p per board plus 7p per square inch tinned
or plus 9p per square inch drilled and tinned.
Discount for quantity. PROTO DESIGN, 4
Highcliffe Way, Wickford, Essex.

S
LED s 0125 0.2 INFRA RED
550uW
RED | 159 | 18P | aialleaddsp
| 1 5mw £1.10
2::’1;; 2 (G 27p 33p 6mwW  €1.55
OR | 27p 33p ORP12  55p
OPTO-ISOLATORS SCRs 50V 100V 400v
L4 1.5kV, 150kHz £1 TOS1A 25p 27p  46p

1066 3A 27p 35p

A350275kV 5MHz £2.25 50p
4350 = TRIAC TOS 2A 400V 60p

Oata free with all OPTO

BARGAIN PRICE COMPONENTS

No extras
10 BC183L Type T09275p MUE 3055, npn 70p
10 BC213L Type- ZN414 IC Radio, ea. £1.36

T092 75p Fonclen IC £6.85
10 BC108 Type-TO18 75p TTL, 7400/1/2/3/4 17p
10 BC262 Type-TO18 75p [IN4QO1 50V 1A ea. 6p
IC Socket Pins 100 @ 75p IN4002 100V1A ea Tp
7-2N2926 Mixed Gan75p IN4006 800V1A ea. 13p
5 BC107 New marked 75p IN4148 Signal Diode 6p
6 Led’s TIP 209 75p
Satisfaction guaranteed. s a e. for lists
Al enquines welcome-—Overseas deduct 8% VAT
RELTRAN LTD. {Dept. ETI)
P.O. Box 18, Camberley, Surrey

e S BRSPS s A R
Epoxy-Glass PCB:
Typical prices INCLUSIVE of VAT & post!

50+50w Powar Module_______ETI422  Jan 76 270p
Active Crossover 2 way ETI433A pec. 75 90p
Active Crossaver 3 way _ETI4338 Dec 75 90p

4-Channe! Stereo Preamp __ ETI4208 TP2 __  _100p

3600 Synthesizer AuxBoard____ ETIBOIP  June75_ 120p
3600 Synthesizer V.C.Filter ETI6D1A  July 75 120p
CMDS Tester _ __ _ETI123A Feb.75___ 90p
CMOS Tester —__ETI1238 Fer.75___ 90p
100w Guitar Amplilier _ETI41] TR1____ _14Dp
Plus Two Amphilier ___ _ET1420a P2 __ __80p
Plus Two Power Supply ___ _  ETI823 TP2 ___ an

Sand 10p for lull Lists of PCBs and KITS for all ET.). and
many other pubhished Project PLUS low cast COMPONENTS

NEW BunciaR aLaRM KIT complete with Case and Five
£ 2000

Sensors KIT Price__£16 Assembled
TTL
78400 __ _11p 7474____ 28
7801 _ — _1p 78493 __a7p
7410 _ il
;:;g 7—7—?')9 LINEARS

——1s  ca3p86__ _ __50p
1430 - —Mp NesSS __ 50,
1437 1Y a7a1_ 27y
7440 V1p  gc107,708,109 _ 9,

SPECIAL OFFERS

Miniature glass encapsuiated REED SWITCRES _10for 50p
Solid TANTALUM BEAD Capacitors 2-2uf, 87uf only__10p
Glass-Tin Oxide “zw Resistors 22K,33K,39K _ ~ 2
Bulk offer 33K onty ____ 50 — 75p 1nn—1zng

Mai) Drder Dnly-CW O -~ PsP 15p - Prices VAT INCLUDED

RFEFEQUIPMENT srares Lt
J.Lacy Close WIMBORNE Dorset

RESPONSIBLE ELECTRONICS ENTHU-
SIAST urgently wanted for trouble-shooting
and help with production.—Space-Age Elec-
tronics 203 1132.

SCOOP! 10 mfd/12V 10/20p. 100/£1.
10mfd/70V 22/mfd/50V 10/25p.
100/£1.25. 100mfd/16V  1000mfd/6V
10/30p. 100/£1.50. 1N4002/4p.
1N4004/5p. 1N4007/6p. 1N914/4p.
1N4148/4p. BRIDGES 1A/200V 2/50p.
2A/200V 2/65p. TRANSISTORS, Plastic
BC107/8/9 10p. ZTX300/500 14p.
ZTX304/504 22p. TIP3055/45p.
TIP2955/64p. METAL CAN BC107/8/9
12p. ZN3055/73p. LEDs W/Clips
TIL209/Red 16p. Green, Orange, Yellow,
21p. I.C.s 8 pin/741 25p. 555/49p.
P&P/20p. AUDIO-OPTICS, 19 Middieway,
Chinnor. Oxon.

LOW-COST I.C. MOUNTING for any size DIL
package. 100 Soldercon sockets 60p. 7 and
8 hole plastic supports 5p pair. Quantity
rates, SAE details and sample. Trial pack
60p. (P.&P. 10p/order). P.K.G. ELEC-
TRONICS, Oak Lodge, Tansley, Derby-
shire DE4 5FE.

PRINTED
CIRGUITS

HARDWARE

Readlly available supplies of Construc-
tors’ hardware, Aluminium sheet and
sections, Printed circuit boards, top
quality for individual designs.

Popular E.T.I.
Prompt service.

boards always in stock,

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

AC125/6/7/815p | 2N2926(G) 12p VOLTAGE REGS.
AD161/162 40p | 283053 15p 5V 7806 Plastic

AF117 20p 2N3054 45p 12V 7812 1 Amp
AF124/5/6 7 2N3055 a1p 15V 7815 alt

2N3702/3/4 12p 18V 7818 £1.50

p
BC/107/8/9 9p

IN3903/475/6 723DIP14  50p.
BC109C 12p 16p :
BC147/8/9 10p | sn2646 3sp BRIDGE RECTS.
BC157 8 9 11p MPF102 40p 2A 50V 30p

BC167/8/9 11p | 2N3819 25p 24100V 36p

BC169C 12p , | 2N3823 30p | 24200v  a1p
BC177/8/9 17p 24400v  asp
BC182/3/4/111p | BR100 Diac 21p

BC1B6/7  30p | INOY4 3p R
BC212/3/4L 12p | IN40OY Sp 2‘7‘3;‘ “m;’,,
BCY?70/71/7213p | IN4002/3  6p -

BF194/5  12p | IN4004/5 7p
BF196/7  14p | IN4006/7  8p
- BFY50/51 16p | IN4148 ap
BFX29 30p | oasay 6p
BFX84 OA70 0A79  8p

NES55V 60p
NESS6 £1.10
LM380 £1.00
IN414 £1.10
7400 16p

24p
BSX19/20 16p | OAB1 0AS0 7p
of 10p | 0910495 6p

2N706 top | 0A200 p 0.1.L. SOCKETS
2N1711 20p 0A202 b 8-pin 12p
2N2219 20p 14-pin 13p
2N2904/5/6/7 OP. AMPS 16-pin 14p

6p 709 atl 25p Mica + bushes
2N290415/6A18p 7418pin  20p | 7037066  5p

2N2926(R)  7p 748 D1 L 36p Dalo Pen 70p

PRICES INCLUSIVE + 1Sp P &P (1st class)

ISLAND DEVICES. P.0. Box 11, Margate. Kent

P.C.B.s FOR
E.T.l. PROJECTS

Active Crossover. . ..... ET1 433A 86p

Active Crossover. . . ... .. ETI 433B 86p
Logic Probe .. ... .. ETL 120 35p
Logic Pulser . .. ...... ETH 121 35p
Logic Tester .. .. . ...... ETI 122 £1.85

50 +50w Power Module . . ETI 422 £3.00

Simple CMOS Tester. . . . . ETI123a... 70p
Simple CMOS Tester. . . .. ETI 123b 78p
Tone Burst Generator .. .. ETI 124 83p
Exposure Meter .. . ... ETI 851 35p

All boards made in 1/16'’ Fibre Glass.

Price includes drilling. tinning and postage.
New projects available at £1.25 per sq. cm. for
single sided or £1.5 per sq. cm. double sided
(min. 35p} Prototype boards made to your
requirements. Send s.a.e. for quote or full list of
boards available.

HARDWARE PACK .. 6BA x 2" (RH) bolts,
nuts, washers, 10p oft each . . . 20p inc.
postage. COMPONENT PACKS for above
p.c.b.s Sends a.e. for hist.

Mail orders to D.B.M. Products, Unit 14,
Southern Road, Aylesbury, Bucks.

UFO CHARTS- Wave Prediction 56p; Daily
Flight Pattern 650p; TV Detection 66p;
Propulsion Theory 57p; “"Anti-Gravity'' 57p:
Map 52p; Circuits; 7-10 Digit Programmable
Clock; Crystal Radiation Counter£1; Sighting
Recorder 55p; 22-Range Multimeter Digital
£1.05. R. & E. Highlands, Needham Market,
Suffolk.

CABINET FITTINGS

tor Stage Loudspeakers and Amplifier Cabs.

fretcioths. Coverings. Recess Handles, Strap Handles,
Feet. Castors, Locks and Hinges. Corners. Trim,
Speaker Bolis. etc.. etc

Send 2 x 8%p Stamps for samples and list

ADAM HALL (E.T. SUPPLIES)

Unit Q, Starline Works, Grainger Road
Southend-on-Sea, Essex
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Ambit. . ... .. ...... p.28
Andromeda Electronics. . p.13
B.H. Components . . . Miniads
BAET............... p-82
Bi-Pak........... Pp4 &S5
Bi-Pre-Pak. . .......... p.83
B.NRS... .......... p-71
Bywood ............. p.16
Cambridge Learning .. .. p.79
CDI. ... ... ..., Miniads
Chiltmead. .. ... ...... p.22
Chromasonics. . ........ p.2
Crofton Electronics. . . . . p.52
EDA..... .......... p.27
Electrovalue .. ........ p.28
Exetron.............. p.78
Greenbank ........ Miniads
Heathkit.......... ..-p-29
Henry's Radio. .. ....... p.9

INDEX TO ADVERTISERS

"HEDDON VALLEY ELECTRONICS" free
catalogue and order forms now available.
Many popular semiconductors, resistors,
‘condensers, etc., all at competitive prices.

Prompt attention on all orders regardless of

sizes, all components guaranteed. A must for
the home constructor, for the price of a s.a.€.
HEDDON VALLEY ELECTRONICS, Bumpsley
Mill, Parracombe, Barnstaple, North Devon.

LOOKING FOR AN ANSWER?

Here's the solution, for those who are still struggling
with the Cannibals and Missionaries problem — C
means either of the non-rowing cannibals. C2 means the
cannibal who can row. M means any missionary.

1. C&C2go over
2. C2 comes back
C & C2 goover
. C2 comes back
M & M go over
. M & C come back

FIRST-

o

Imtech Products . . . . . .. p.28
Island Devices .. ... Miniads c I_ Ass
Kinnie Components . ... p.75
Kramer & Co. ......... p.75 V| D Eo
Lynx Electronics. .. .... p.77
Maplin Electronics ... .. p.-84
Marco Trading .. ... Miniads E N Gl N E E R
Marshall’'s. .. . ........ p-44
MetaC. . . ... ...cncv...- p.9
" Minikits .. ... ........ .76 . .
Radio Constructor. . . . . . :.77 Experienced in VCRs, U-
:a;mg ------------ '\“:i"ia‘;s matics, 2'' machines and
.F. Equipment. . . .. iniads . .
Sabtronics . . . . . p.21 & p.50 colour monitors:
Sinclair. . ...... p.36 & p.37
Sintel . .............. p-27 Bench work.
Technomatic. .. ....... p.52
Videomaster . . . . .. .. .. p.51 Lo . .
Wilmslow Audio. . . . . .. p.76 For initial interview phone

01-580 2283.

8. M & C come back

9. M & Mgoover
10. C2 comes back
11. C&C2goover
12. C2 comes back
13. C&C2goover

THE SCIENTIFIC WIRE CO.

Copper - Nickel Chrome - Eureka - Manganin
Wires
Enamelled - Silk - Cotton - Tinned Coverings

No minimum charges or quantities
Trade and Export enquiries welcome

woMew

. M & C2 go over

S.A.E. Brings List

~ i

Capacitor
2=« Discharge

JIGNITION

EMAXIMUM PERFORMANCE
9 EMAXIMUM ECONOMY
EEASY COLD START

SYSTEM |

Professional photoelectric ignition using L.E.D. light source and reflective disc. This
machined aluminium disc gives a timing accuracy far superior to other methods and is
simple to fit. Unit housed in diecast box 4% x 3%" x 2% Price £18.80 (Kit £16.80)
State car/model/measurement across cam lobes.

Nl
[ ““

SYSTEM I

Contact breaker model as above less sensor. Price £12.80 (Kit £10.80) M/C Twin unit
Price £15.00. S.A.E. for descriptive leaflet — ALL UNITS IN STOCK. Mail orders to
CDI Electronic Systems Ltd, 275 Vale Road, Ash Vale, Aldershot, Hants.
Demonstration/Callers to Hillside Motors, 292 Carshalton Road, Carshalton, Surrey.
telephone 01-642 9973

P.0. BOX 30, LONDON, E4 9BW

ALL PRICES INCLUDE P&P AND V.AT.

ST3 Stands-for all models £1.10
SOLDER in Bib dispenser £0.45
WIRE STRIPPERA& CUTTER £0.85
HAND DRILLS Leytool precision,

compact,5/16" chuck £3.99
AERIALS Extend 15-120cm £1.50
CASSETTE 'Head Demagnetisers'
Shaped pole-saves time £3.65
EARPHONES Stethoscope £1.25

ANTEX SOLDERING IRONS

(with slide on & off bits)

15W 'C' miniature irons £2.30
3/32" 1/8%3/16'bits-each  £0.45
'C' Elements £1.10
18W 'G' miniature irons £2.50
3/32%1/8"3/16"bits-each  £0.45
'G' Elements £1.35
15W' CCN'Low leakage irons £2.70

3/327,1/8" 3/16"bits-each £0.45 MICROPHONES Dynamic £2.15
'CCN’ Elements £1.50 | PRINTED CIRCUIT KITS-All
25W!X25' Low leakage irons £2.30 | items for producing p.c's £3.99

SIGNAL INJECTOR-Audio through
video signals, self contained £4.25
SPEAKERS -75mm dia.8a £1.00

3/32%1/8" 3/16"bits-each £0.47
'X25' Elements £1.15
'SK1', 'SK2' Soldering Kits £3.85

66 PAGES DMP A
+~ 3000 ITEMS n 0
600 PICTURES
- YOUR
~ COMPLETE

ELECTRONIC
STORES
MAIL
ORDER » 0
0 AND
SHOP

20p DEP ‘;-:

B HCOMPONENT FACTORS LTD.

LEIGHTON ELECTRONICS CENTRE, 59 NORTH ST.,
LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. (05253) 2316.
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Greenbank Electronics

FREE!

Data and suggested circuits for AY-5-1224 and MK 50253 clock chips,
details of PCB's and component kits for AY-5-1224, data sheets for
LED 0.3’ and 0.6" displays.

' NEW! .
PCB TO SUIT AY-5-1224 clockchip . .. ......... ... .... 95p

4 DIGIT KITS

Kit includes: PCB, AY-5-1224 chip, 4 LED digits, transistors, diodes,
resistors, capacitors, solder pins (success guaranteed), with 0.3" digits
£9.95 (0.6'* high digit version also available).

CLOCK CHIPS

AY-5-1224 4 digit 12/24 hour . . .. ... .. ... £3.66
MK 50253 4/6 ‘digit alarmclock. . . .. ... ... ... . ... .. £5.50
LED DI_SPLAYS (ECONOMY TYPES)

DL-704E 0.3" common'cathode . ... .................. 85p
DL-747E 0.6’ common anode . . .. ... . ... ... £1.70

Add 8% VAT to all prices, post, etc. 10p + VAT per order
GREENBANK ELECTRONICS (Do:t. T12E)
94 New Chester Road, New Ferry
Wirral, Merseyside L62 5AG
Tel: 061-645 3391
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ENGINEERS

Shows how
YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotion, a better job, higher pay?
“New opportunities” shows you how to get them through
a low-cost, Home Study Course. There are no books to
buy and you can pay as you learn.

This easy to follow GUIDE TO SUCCESS should be
read by every ambitious engineer. Send for this helpful
76-page free book NOW ! No obligation, nobody will call
on you. It could be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HERE
mm mm CUTOUT THIS COUPON mm mm 1

Tick or state subject of interest. Post to address below,

ELECTRICAL & AUTq & AERO MECHNICAL
ECECTRONICS AMS.E. (Mech) ] l
“a Practical Radio & Motor Mechanics ] o a
Electronics (with Kit) [] ¢ & G Motor V ?:S:e:’r:gr‘;':::r-:-&‘:g- Od I
Electronic Engineering Mechnics O Techhic ans
conicase £y Genetali g Maimenance - I
General Elect. Engineering O A ?
Eng Certificate O AL - Engineering O
C &G Elect ’ S Welding O I
Installations O é;rnrieglslrauon BoardD
Elect. Install. & Work MAA' M1 s = I
O / ip.

MANAGEMENT &
C & G Elect.
Technicians O PRODUCTION

Computer
RADIO AND TELE- A Programming 0O I
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SUBSCRIPTIONS

The annual subscription to ETI for UK readers is £5.00. The current rate
for readers overseas is £5.50. Canadlan subscription rate s $10 per year.
Send orders to ETI SUBS Dept. . . .

BACK ISSUES

The cost of a back issue is 40p. Postage and packing costs an
additional 15p for the first and 10p for each subsequent copy. Send orders
to ETI BACK ISSUES Dept . .. We cannot supply certain back issues [April,
May, June, July, November and December 1972; January, February and
November 1973: March, September and November 1974; January, June,
August. September and November 1975).

SPECIAL ISSUES

At present we have three Special | available: Top Projects 2,
Electronics it's Easy (Parts | to 13]. and International 4600 Synthesiser
(published by Maplin). The prices are 75p, £1.20 and £1.50 respectively;
postage and packing is an additional 15p per issue. Top Projects 3 isnow
sold out. Send orders to ETI SPECIALS Dept . ..

BINDERS

Binders, for up to 13 issues, are available for £2.00 including VAT and
carriage. Send orders 1o ETI BINDERS DEPT . ..

BOOKS

ETi Book Service sells books to our readers by mail order. The prices
advertised in the magazine include postage and packing. Send orders to
ETI Book Service, 25 Court Close, Bray, Maidenhead, Berks.

SPECIAL OFFERS

Normaliy special offers are open from the date of publication to the end of
the month on the cover of the issue. Usually the filing of orders and the
despatch of goods is handled by the y supplying the products. In
this case queries should be addressed to the company and not to ETI.

T-SHIRTS

ETI T-shirts are available in Large, Medium, or Small sizes. They are
yetlow cotton with black printing and cost £1.50 each. Send orders to ETI
T-SHIRTS Dept. ..

PCBs
PCBs- are available for our projects from companies advertising in the
magazine, such as Ramar and Crdfton, who do an excellent service.

EDITORIAL QUERIES

Written queries can only be answered when accompanied by an SAE, and
the reply can take up to three weeks. These must relate to recent articles
and not involve ETI staff in any research. Mark your jetter ETI QUERY . . .
Telephone queries can only be answered when technicai staft are free,
and never before 4 pm.

NON-FUNCTIONING PROJECTS

We cannot solve the problems faced by individuai readers building our
projects unless they are concerning interpretation of our articies. When
we know of any error we print a correction as soon as possible at the end
of News Digest. Any useful addenda to a project will be similarly deait
with. We cannot advise readers on modifications to our projects.

CONTRIBUTIONS
Before submitting any maferial for publication contact the Editor who will
advise on suitability (except for letters, news & Tech-Tips).

NEWS DIGEST

We receive 20 times more news than we have space for. If you have an
interesting item we will be pleased to consider it along with the rest. The
statement must be brief and preferably accompanied by a large
photograph.

TECH-TIPS

We pay for items printed in this section: send ideas for submission to ETI
TECH-TIPS . . . Drawings must be as clear as possible and the text should
be typed or clearly written on alternate lines. Circuits must not have been
previously published and must not be subject to copyright. We cannot
answer queries on published Tech-Tips.

LETTERS FOR PUBLICATION

We do not pay for letters published and we only print them if they are very
interesting or important. They should be addressed to the Editor.

MINI-ADS & CLASSIFIEDS
Thisisa pre-payment service — rates on application to ADVERTISING
Dept., or phone Bob Evans on 01-730-7319.

ADDRESS FOR ETl DEPARTMENTS—

36 EBURY ST, LONDON SWw OLW

PLEASE MARK REVERSE OF EACH CHEQUE |
WITH NAME & ADDRESS AND ITEMS
REQUIRED.

ALLOW 10 TO 14 DAYS FOR DELIVERY
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‘ Stirlim! Sound D

BRAND NEW MODULES FROM THE DESIGN-BENCH OF A
FOREMOST BRITISH DESIGNER AND EXCLUSIVE TO B-P-P

BUILT FOR QUALITY

0uTPUT

25 watts B.M.S. into 8BS using 50V
22 watts R.M.S. into 4Q using 33V
[Low imp. net less than 4]

OISTORTION Not only is this Stirling Sound’s best audio amplifier yet;
Less than 0.05% at all power levels it rightfully qualifies as one of the best of its kind yet
(from 10Kz fo 10KHz) made available to constructors. Intended above all for,

+ 1dB 15 Hz to 30 KHz (4Q) that it can be used in many other applications where
+ 108 10Kz 1o 30 KHz (882) dependability is the prime Consideration. The SS.125
HIGH Z INPUT integrates well with other S.S units as well as those of
100 Kohms {4048 gain/100x] other manufacturers. Incorporates new circuitry using a
INPUT SENSITIVITY complementary long-tailed pair input and full comple-

wgﬂ gerZ'i‘Jw.ﬂ,M.D. fut mentary output circuits to give standards of performance.

Heavy duty type.

built on

SIZE

[Inc. 40w. built on heat sink]

4% x 3" x " high (120 x 76 x 22 mm]

* A masterpiece of value and reliability

THE SS125 HIGH FIDELITY POWER AMPLIFIER

FREQUENCY RESPONSE high-fidelity, the characteristics of the $$.125 are such

MORE STIRLING SOUND MODULES

With easy to follow instructions
F.M_TUNER UNITS
§5.201 Tuner front end. Ganged, geared vanable tuning,

88-108MHz. AF.C. facility £5.00
§5.202 ! F amp A meter and/or A.F.C. can be connected
(size 3" x 2'") £2.6%

§5.203 Stereo decoder for use with $5.201 and 202 or
any good FM. tuner. A LED beacon may be
attached (3’ x 2') £3.85

$S.105 5 watt amplifier to run from 12V (3%'' x 2'' x %'') £2.28

$5.110 Simiiar to SS.105 but more powerful giving 10W
into 4ohms £2.75

§5.120 20 watt module when used with 34 voits into 4 £3.00

$5.140 Delivers 40 watts RM S. into 4 ohms using a
45V /2A supply such as our $5.345 the power and
quality of this unit are superb — two in bridge
formation will give 80 watts R.M.S. into 8ohms.
Size 4" x 3" x %'’ £3.75°

$S5.100 Active tone contro!, stereo, * 15dB cut and boost
with suitable network £1.60

$S.101 Pre-amp for ceramic p.u., radio & tape with passive
tone control details £1.60

8§$8.102 Stereo pre-amp with R LA A equalisation, mag
p u., tape and radio in £2.25

§5.300 Power Supply Stabiliser. Add this to your
unstabilised supply to obtain a steady working
voltage from 12 to 50V for your audio system,
workbench etc. Money saving and very reliable £3.25°

TERMS OF BUSINESS:

VAT is to be added at 8% . No VAT on overseas orders. POST & PACKING add 22p for UK
orders unless marked otherwise. Minimum mail order acceptable — £1. Overseas orders, add

without notice. AVAILABILITY All items available at time of going to press when every effort
is made to ensure corr of infor ion.

Order your Stirling Sound products from

Bi-PRE-PAK LTD

Co Reg No 820919 NAME
222 224 WEST ROAD. WESTCLIFF-ON-SEA. ESSEX SS0 9DF. I ADDRESS
E: SOUTHEND (0702) 46344
FACTORY — SHOEBURYNESS, ESSEX

I Please send

inc VAT

FROM BI-PRE - PAK

roducts

Power Amp

5 NEW STIRLING
SOUNDS POWER
SUPPLY UNITS
Robustly designed units in each of which 1s a stabitised
take-off point to provide for tuner, pre-amp and control
stages. Size — 5%'" x 3" x 2%’ high (P/P add 50p
any model}
SS 312 12V/ 1A £3.75°
SS 318 18V/1A £4.15°
SS 324 24V /1A £4.60°
SS 334 34V/2A £5.20°

SS 345 45V/4A £6.25°
Transformers for SS334 and SS345 are supphed with
transformers separate from PCBs Add 50p for P/ P any model

A new Stirling Sound C.D.l. Unit for your
car.

Even better than the original version, thousands of which are in
use saving motorists appreciable time and money for petrol. Very
easy to install The Stirling Sound model incorporates switch for
instant change to conventional ignition; instant adaption to pos

or neg earth return; anti-burglar Immobilising switch, pre-set
controt for rev. imitation. There are no exposed parts, the unit

on pc.b. being housed in strong enclosed metai box. With
instructions and leads

Size 7%’ x 4% "' x 2" ex. switches (193 x 117 x 54mm) (P/P

add 50p) BUILT &
KIT £7.95  1£STED £10.50

A NEW X-HATCH GENERATOR

Operates at R.F level

For colour and mono TV. Plugs into aerial socket of set Operates
without need for transmissions, 4 push-button operation. Runs
on 4 self-contained penlite type batteries. Will fit into a large
pocket. Strong plastic case BUILT €£27.50° XIT £25°

A USEFUL CATALOGUE — FREE

Send us a large S.A.E with 10p stamp and we will send you the
latest Bi-Pre Pack catalogue free by return. Packed with useful
lines, its a real money saver

VAT at 25% must be added to total value of order except for items marked “ or (8%), when —— S — — — —— — — — — — — — — — —

TO STIRLING SOUND (BI-PRE-PAK) LTD, 222 WEST ROAD WESTCLIFF-OTI
£1 for postage. Any difference will be credited or charged. PRICES subject to alteration ' SEA. ESSEX SSO DOF

for which | enclose &

L d

HIGH-FIDELITY



More than
just a catalogue!

PROJECTS FOR YOU TO BUILD

4-digit clock, 6-digit clock, 10W high quality power 1
amp., High quality stereo pre-amp., Stereo Tuner, &
F.M. Stereo decoder, etc., etc.

CIRCUITS . . . Frequency Doublers, Oscillators, Fimers,
Voltmeters, Power Supplies, Amplifiers, Capacitance
Multiplier, etc., etc. . . .

Full details and pictures of our wide range of components,
e.g. capacitors, cases, knobs, veroboards, edge connectors,
plugs and sockets, lamps and lampholders, audio leads,
adaptor plugs, rotary and slide potentiometers, presets,
relays, resistors {(even 1% types!), switches, interlocking

pushbutton switches, pot cores, transformers, cable and . e
wire, panel meters, nuts and bolts, tools, organ components, L___ % f}* B e X
keyboards, L.E.D.’s, 7-segment displays, heatsinks, = = ,ax’:. Y ey

transistors, diodes, integrated circuits, etc., etc., etc. . . . L . \_ Ao
Really good value for money at just 40p.

The 3600 SYNTHESISER

The 3600 synthesiser includes the most popular features of the
4600 model, but 1s simpler. Faster to operate, 1t has a switch
patching system rather than the matrix patchboard of the larger
unit and s
particularly
suitable for hve
performanc>
and portable
use.

The 4600
SYNTHESISER

We stock all the parts for this brilliantly designed synthesiser,

| including all the PCBs, metalwork and a drilled and printed front
panel, giving a superb professional finish. Opinions of authority
agree the ET| International Synthesiser is technically superior to
most of today’s models. Complete construction details in our
booklet available now, price £1.50, or S A E. please for
specification.

ELECTRONIC ORGAN

Build yourself an exciting Electronic
Organ. Our teaflet MESS51, price 15p,
deals with the basic theory of electronic
organs and describes the construction of
asimple 49-note instrument with a single
keyboard and a limited number of stops.
Leaflet MESS52, price 15p, describes the
extension of the organ to two keyboards
each with five voices and the extension
by an octave of the organ’s range.
Solid-state switching and new footaqes along with a pedal board
and a further extension of the organ’s range are shown in

leaflet MES53 priced at 35p.(pre-publication price 15p )

Please send
S.AE. for
our price
list.

A really superior
high quality stereo
graphic equaliser
as described in
Jan. 1975 1ssue

of ETI. We stock
all parts (except
woodwork)
including alt the
metal work
drilied and printed as required

1o suit our components and PCB’s
S.A E. for price list or compiete reprint of article — price 15p.

NO MORE DOUBTS ABOUT PRICES

Now our prices are GUARANTEED (changes in VAT excluded) for two month periods. We'll tell you about price changes in advance for
just 30p a year (refunded on purchases). {f you already have our catalogue send us an s.a.e. and we’ll send you our latest list of
GUARANTEED prices. Send us 30p and we'll put you on our mailing list — you'll receive immediately our latest price list then every
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED peiiod before the
prices are tmplemented! — plus details of any new lines, special offers, interesting projects — and coupons to spend on components to

repay your 30p
-.---------------I‘

NOTE: The price list is based on the Order Codes shown in our “

catalogue so an investment in our super catalogue is an essential | enclose Cheque/P.O. value .
first step. For copy/copies of your Catalogue ™
Call in at our shop, 284 London Road, Westcliff on-Sea, Essex. .
Please address all mail to . Name S S - .
MAPLIN ELECTRONIC Address N
SUPPLIES — S Bo S AaTieian
. e
P.O. Box 3 Rayleigh Essex 556 8LR. @MAPLIN ELECTRONIC SUPPLIES £ 2,2%3 52y

)/



