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audio equipment
ORIGINATORS OF PRE-PACKED COMPONENTS IN BRITAIN — AND STILL LEADING!

( AUDIO MODULES — today s most challenging values! £

PRE-AMP/CONTROL MODULES

The people for component bargains

POWER AMPS

s$sio0
S$S103 ’Acrve tone control unit'to provide Bass and Treble facilities
Compact 1.C. amp. 3 watts R.M S, Single channel {mono). (stereo). £1.60
On P.C.B. size 3%"'x2". Needs 6-22V supply. £1.75 ssiol
S ; Pre-amp for stereo ceramic cartridges. radio and tape.€1.60
$103-3 $S102
Ay 4
SAgERiEEon plfaboye o) Ggb £3.25 Pre-amp for low-output stereo magnetic cartadges. radio
and tape. {221
NEW! SS105 Mk. 2 BUILD A STEREO F.M. TIINED
A compac! all-purpose power amp. Can be run from 12V car
battery. Size 3% ''x2*''. Useful 5w output {mono) into 4¢) FM Tuners
using 24V. Excellent value. £2.25 S$s2a1

Front End assembly. G>r\ged tuning with well angineered
slow-motion geared drive in robust housing. A.F.C. facility.

SS110 Mik. 2 Requires 6-16V itivity. 88-108mH
Similar in size 1o 551056 but will give 10w output into 4¢) seq Excellent sensitivity. 88-10BmHz. £6.25
using 24V (mono). Two in stereo give first-class results. 5202
suitable for many domestic applications. .£2.75 I.F. Stage (with 1.C ). Designed 1o use with $5201 uses I.C.
$ Caretully checked before despatch. £5.25
§8203

$S140

Beautifully designed. Will give up to 40w R.M.S_into 47}
Excellent $.N.R. and transient response. Fine for P.A. disco
use, erc. Operates from 45V DC. Two in bridge-formation

Stereo Decoder. Designed essentially for use with $S201
and S5202, this excellent decoder can also make a sterso
tuner of almost any single channel FM tuner. Supplied ready
aligned. A L.E.D. can easily be fitted. £5.62

will give 80w R.M.S. into BQ) £3.60 !
SAVE £5 ON THE S/S TUNER
By buying Units 55.201, $5.202 and 55.203 together, the
price is £12.12 — a genuine saving of £5 on this very
p efficrent tuner.

£12.12 =4
NEW RANGE TRANSISTOR & COMPONENT PACKS '

TP SELECTION UT SELECTION CP SELECTION

SPECIAL
OFFERS -

LM 380 PuDIO 1C

(Marked §0745). Brand TP5 20 Transistors. PNP German. UT| 50PNP's Germanium, AF & AF. CP1 Mixed bag of eapacitors . —

ﬂew and to spec. 3 watls wm, Red Spot AF. 3 . Clecirolytic. Paper, Silver Mica-
R.M.S. out. With data. TPE 20 Transistors, PNP German- uT2 _:)15325 Germanium diodes, min {Approx. 150 == sold by weight).

£1.00 um. White spot RF A
2XSN 7490. Brand new TP7 1 2N174 150w 80Vce Powar UT4 100 Sicon diodes, min. glass, : 5
Transistar. with tin e cP2 200 (approx.) Resistors. various

1.C. to spec. decode as'se':;yﬂ with maunting smilar 10 IN914. IN916. types. values, watts. (Soid by

counters. £1.00 TP 19 100 diodes, mixed Germanium, N 40 250mW Zener diodes weight.)

3XSN 7400 Quad 2 input Gold-bonded, etc. Marked/Un- 0:524 range: average S0%

Nan gate ICs. SOp marked D CP3 40Wire-wound resitiors. mixed.

Twenty NPN Silicon uncoded

TP23 TO6. Similar 10 BFYS50/2
2NB96. 2ZN1613. etc. Compre-
mentary io TP24

TP24 Twemy PNP Suicon. uncoded

*30 Silicon rectifiers 750maA.
mixed voltages, Top Hats, etc.

40 NPN Silicon planars. Similar
10 2N3707-11 range. Low noise

uT?
uT9

CP4 12 pots — preset w/wound.
carbon, dual. with/without
swilches — alf mixed.

05. Similar o BFY64. amps
2N2904 15,
TP25 8 power dvodes 400V, 1.25A UT12 252N3702/3 Transistors. PNP CP7 Heat sinks. assoned Te fit SO-Z
Silicon FST 3/ 4 Shiceniiplasdiol 22 (OC72) TO-1 (AC128). erc

EL:ANK qnax,ml_ 170 shandead semicon. _ ALL ABOVE PACKS — 50p EACH. TP Tesied & Guaranteed: UT Untested... unmarked: GP Components.
recuters, s an 5CRs 1 iess 30% aciery CAPACITOR DISCHARGE IGNITION KIT 55300 POWER SUPPLY STABILISER

marked. Some data suppled S50p. imple 10 assemble and fit. Improves car pertormance. 7.50 Add this 0 your unsiabilised supply to obtain a steady-working
UHF 625 line tuner, rotary. £2.50. 9“95 on fuel, P/P 30p. £7.5 voltage from 16 10 680V for your audio system, workbench, etc

Rev Courter flor cars) (8%) £1.00. BI-PRE-PAK X-HATCH GENERATOR MK, 2 Morey saving and very reliable. £3.25
ook 5 Y ernard s ubiications, ewnes- R
Burterwonh’s, eic. fourpamem salectorswich  PLASTIC POWER TRANSISTORS
Ready-built 40 WATT SILICON
e o e i T olarity i Prce
= —— = e AT £3‘gg 45%-' :PN ?;m \;‘;:E b
In kit form £7. 40N2 NPN 40 40 30p
I THE F_BE E CATALOGUE ' Please add 30p for postage and packing. 40P1 NP 15 15 20p
New edition berter than ever. It's ' Is invaluable 10 indusyrial and home user altke. Improved circuitry ~ 40P2 PNP 40 40 30p
your's for free and welt worth getting assures relabiity and suil. baiter accuracy. Very -compaer;
— only plasse send large S.A.E. with | self-contained. Robusily built. Widely used by TV rental and other 90 WATT SILICON r
I 7p stamp if we have to post it to you. engineers With reinforced hbreglass case, nstruclions, bul jess Type Polarity Gain vCE Race
L 5 batueries. (Three U2 type required.) gg:; ::: 43 :g ;::
e = o o e e = =4 TV S{GNAL STRENGTH METER Lo HEN 30 5 S

TERMS OF BUSINESS:

Cemplete kit as described in ~ Television™™ £19.50 plus 40p tor P&P
plus VAT at cutrent rate.

J0P2

PNP

e

|I" 'I’UVI Ep aeiE

¢}
i you prefar not 1o cut coupon out. plaase mention ETIP2 when writing.

r------------q

VAT a1 25% mus! be added to toll valos of order inclading postage and packmg charges. except for tems marked
* or (8%) when YAT is 1o be added at 8. No ¥AT on overseas orders. POST & PACKING Add Z0p ler UK orders.

Minimum mall order acceplable — £1. Dverseas orsers. add £1 lor posiaqe. Any ditferzace will de crediied or To Bi-PRE- PAK, A 222-224 WEST ROAD

charged, PRICES Subjecl to atiration without aetice. AVAILABILITY Ajl items avaitable al lime of going ic press

uh.:n! wvery clfort is made to envslre correctness of miormation. t g e I WESTCLIFF-ON- SEA,« ESSEX .
Please send : i . I

BI-PRE-PAK LTD e var ]

Co Ree NoB20MQ

NAME
222 224 WEST ROAD,WESTCLIFF-ON-SEA, ESSEX SSO SDF. J cooness I
‘TELEPHONE: SOUTHEND (0702) 46344. - s

FOURNDED IN 1959
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ELECTRONICS IN MEDICINE .

How instrumentation is used in pathology

TAPE BIAS

Explains why it's necessary

HELPING HAND

Open competition to solve some of dae problems of tbe deaf

FM RECEIVING TECHNIQUES
Part three continues our insight into VHF/FM

UNDERSTANDING COLOUR TV .

Convergence and alignment procedures

ELECTRONICS IT'S EASY

Generating non-sinusoidal waveforms

Projects —

DIGITAL DISPLAY .

A basic module for experimenters

DIGITAL VOLTMETER

Fast-to-build, low cost unit uses dual-siope rechnlque

INTERNATIONAL-25 HI-Ft AMPLIFIER

Excellent design, easy-to-build and low cost
INTERNATIONAL-FM TUNER.

Constructional detajls of our superb design

INTERNATIONAL 3600 SYNTHESISER

Final part gives inter-unit wiring

Data Sheet—New Series

MA 7800 VOLTAGE REGULATORS .
TBA810S/AS 7W AMPLIFIER :
TDA1054 TAPE RECORDER PREAMP .

News & Information——

NEWS DIGEST ;

WIN A FREE SUBSCRIPTION
PREVIEW OF NOVEMBER'S ETI .
PULSAR CLOCK OFFER .
ELECTRONICS TOMORROW
TECH-TIPS

BOOKS FROM ETI -

Special Offer

SINCLAIR SCIENTIFIC: KIT £11.85, BUILT £12.95

EDITORIAL & ADVERTISEMENT OFFICE
36, Ebury Street, London SW1W OLW.
Tel 01-730 8282.

HALVOR W. MOORSHEAD
Editor

ROBERT C. EVANS
Advertisement Manager

STEVE BRAIDWOOD, G3WKE
 Assistant Editor

JEAN BELL

Production

HELEN COHEN
Administration

International Editions
COLLYN RIVERS
Editorial Director

Australia
BRIAN CHAPMAN
Technical Editor
BARRY WILKINSON
Engineering Manager

France
DENIS JACOB
Editar-in-chief
CHRISTIAN DARTEVELLE
Editor

Published by:  Modern Magazines {Holdings) Ltd
36, Ebury Streer, London SWiW
OLW,

Electronics Today Internstional is published on the
first, Friday of the month prior 1o the cover date.

Distributed by: Argus Distribution Ltd.

Printed by: Q.B. Newspapers Limited,
Colchester,

international Associates:

Australia: Modern Magazines {Holdings) Ltd,
Ryrie House, 15 Scundary Street, Rushcuttears
Bay 2011, Sydney, Australia.

France: Electroniques Pour Vous International,
17 Rue de Bugi, Paris, France,

USA: ACP, Room 401, 1501 Broadway, New
¥ork, USA.

READER QUERIES: These can only be answered if they
relate to recent anicles published in the magazine. Rarely
can we supply information in addition to that published.
Written queries must be accompanied by a stamped.
salf-addressed enwvelope, and telephone queries must be
brief, not hefore 4.00 p.m. and can oniy be answered
subject to the availability of iechnical staff.
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available for 35p each plus 10p postage.
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COPYRIGHT: All matenal is subject o World-wide

- Copynght protegtion. All reasonable care is taken in the
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cannot be held responsible for it legally. Where errors do
occur, a comrection will be printed as soon as npossible
afterwards in the magazine.
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TRANSISTORS
| 1 . BRANDNEW, FULLY GUARANTEED
ACWZ 020 BCITI * 015 BFXSR
ACII3 019 BCIR 615 BFYS0 n.ze
| ACLIS 420 BCIB 015 BFYSI a0
ACHITK 020 BCIM 045 BFY3 020
ACIZ2 012 BCL7S 027, :BFYS3 0.18
ACIS Q@ls  BCUTT oI5 'BSX19  QI6
ACI26 018 BCI78 019 BSK20 0.16
AClzi 413 BCI® 019" 0.16
ACI128 1% . BCI80 0.25 .BSY26 0.16
ACIZ2 015 BCIAE 025 BSY2? o016
ACI3 015 BCIS2 015 1BSY28 G16
ACIT 015 BCIS2L 015 8s¥i  als
| AC141 @13 BCISY 0.15 w19
ACHIK 0W BCISIL 015 2 019
ACI42 0.19 BCIS4 020 BSY4 029
ACI2ZK 026 BCIS4L G20 BSY4l 029
AC15 0.16 BC185 023 RSYS (13
ACI54 020 BCIST a2 BSYSSA 043
| ACIS5 020 BC2T 01l BUIS 2.4
ACIS6 020 BC208 etl CHIE 0.51
AC 025 BC209 01z 400 @31
ACI65  0.20 BC2I2L 003 G 026
ACLE6 020 BC213L 011 CaM 026
ACL67 020 BC2IAE 017 €425 051
ACI68 025 BCZES 026 C42% 0
ACI89 015 BC226 016 Cam 020
ACIT6 020 BC301 028 (4l 031
ACITT 025  BCI02 025. C#2 0.31
ACITS 029  BC303 031 Cas 0.36
ACY 029 BC3H 031 {330 022
ACIBC 020 BCHO 031 MATIGO 019
ACISOK 030, 'BC4S0 0.37 MATIO1 020
ACI81 020 BCYID 625 MATIZDO 019
ACIBIK 030 BCYal 627 MATI2I 020
ACIS7 022 BCY32 031 MIESZL 056
ACIETK 4.2 022 MJE2SS 08
AC188 022 BCY34 026 MJESS 057
ACIfBK 023 BCY70 215 MIF340 051
ACY17 028 020 MPF102 043
ACYIR .20 BCYT2 015 MPFI4 038
ACYIS 020 BCZIC 020 MPFI0S @38
{ ACY20 020 BCZIl 026 OCI19 036
| ACYZl 020 BCZIZ 426 OC2 ()
ACYR 017 BDUS 06l iz 047
ACYZT Q1% BDIS 031 OC2 019
| ACYZA 013 BDR! 051 OC24 as?
ACY29 1.3¢ BD1Z3 067 0OC25 0.39
ACY30 029 BDI24 070 OC26 2.30
ACY31 029 BDI3I 051 OCzs 0.51
ACY34 021 BDpI2 061 OCH &3]
ACY3s G021 BDIX 987 OC¥ 043
ACY36 028 BDI3 U4l OC36 @51
ACY40 @18 BDI37 036 OCAl a20
ACYsl 019 BDI38 031 OCs2 025
ACTH 036 BDISY 058  OC+ 0.18
30 038 BDMO a6l oca5 @13
| ADI40 343 BDH3S 281 oCT0 Q10
ADIAZ 049 BDI?5 06l Ocn ole
| ADI43 038 BDI76 05! OCT2 ols
AD399 051 BDIT 067 OCH 15
ADIB1 036 BDI7& 087  OC75 016
ADIGZ 036 BDI7T9 07l OC76 0.16
ADI6I & RDI1AD 071 ocT 0.26
| ADIRMP)U62  BDIBS 087 OC8! 0.16
| ADTI40 51 BDISG 067 OCSID 016
| AFI14 025 BEDIS7 071 oCs2 0.16
E AF1I5 025 BDIS8 07l OC82D 018
AFI16 025 BDI® 07 Ok 020
| AFLI7 923 BDI®} 077 OCl3@ 6.2
{ AF118 038 BDI9S 087 (Clap 020
AF124 031 8D @27 OCIE 0.26
! AF125 031 8D 082 QCITH 8.26
AF126 0.2% gDl 992 QOCI7E 0.26
AFI127 029 BDI9 098 OCm0 026
AF129 031' BD200 098  OC201 0.25
AF178 05! ppms 081  OcCz02 029
AFIT9 @51 BD20G 08 - oo 026
AF180 051 BDN7? 0.98 = 026
AF181 031 BD208 098 QCs 038
AF186 051 BHY20 1.02 0.4t
AFZS 1438 8F115 025 OCPTI  +044
ALL0Z 0.68 BF1IT 046 ORP12  »0.44
AL103 463 BFII8 €71 ORPG0  +041
ASY26 026 BFII9 071 ORPS1  »h4l
ASY2ZT 031 BF121 046 P20 *0.51
ASY2Z 036 BFl23 051 pR4GA 020
ASY29 026 BF125 046 pa7 043,
ASYS0 026 BFIZ 051 ST o3
ASY3E 9.26 BF152 056 $T141 0.18
ASYS2Z 026 BFI53 48 TIP3 0.44
ASY$t 028 BFI5 046 0.52
ASYSS 26 BFI55 07l TIPNIA 056
ASYS6 028 BFI% 039 TIFRZA 088
ASYST 026 BFIS7 056  TTP4la 068
ASYSS 26 BFI58 156 TIR2A 081
ASYT3 0.26 BFI53 081" TISG 931
-ASZ21 04! BFIS0 0l UT46 w828
8C107 608 BFIG2 041  ZN4t4 LIl
BCI0S 0.05 BFI63 041 G20 18
BGI09 b BFIGY odl  3G302 0.18
BCES 616 BFIGS 04l 2(0% w19
BC1M4 0.16 BFI67 G622 2Gavs 0.25
BCIE5 816 BFI73 022  2G%06 a4
‘BClI6 016 BFI76 036 3C308 0.3
BCI7 019 BEI77 036 3G308 037
BCLHIS 0.10 BFIB 03l 2639 0.20
BElS 531 BFi79 03! 3G3ma 017
BC120 281 BFIRY 031 534 (A1)
BCIZ5 412 BFist a3l 2GS w7
BCI126 19 BFIR2 041 p¢amt 017
8C132 012 BFIS3 adl  So3ne edz
BC134 0.19 BEISA 026 26373 618
.BCI3S 0.1 HFI8S a3l 2d37 als
BE136 0.18 BF} 28  2G377 a3
RCI3T Q.16 BFi8s 041 30378 0.17
BCI 041 BES4 a)2  5eIs) 07
BC140 0.31 BFI9S 012 G2 017
BCI* 031 BFI% a5 5 011
; BCl143 03§ BFi97 015 2Ga14 a3l
BC145 046 BF200 046 26417 0.26
b BC147 10 BEX2 088 3N3SE 036
BCl 0.10 BEXST 045 JN3RRA 056
] BCl139 012 BE25S 08) iy 020
f BCi50 019 BFI59 057 IN4MA 028
BCI51 020 BF262 U456  INs24 043
1 BCIS2 01§ BF2Y 036 3N5n o0
A BCI53 029 BFZD 036 aNsae (%]
¥ BC154 031 BF7I 031 3Nse8 - 0.46
BCIST 049 BEX2Z  O8L Jnese 013
BClse oL 035 2n697 014
' BCIS? 61} BFIT4 030 ongos 025
'BCI60 @46 BEWIO  061- 3nemg 0.36
" BCI18] 051 B8 028 706 0.08
BCIST 032 BFX84 022 Sapoga 008
{ BCI&S @12 BFX3S 031 N7 012
* BCIES 63 BFX86 FNT1L 031
3 ECI70 012 BFXS? 025 INTI7 036
; 4
e
:

| * T74SERIESTTL.I crs T SUPER UNTESTED PAKS | UNTESTED . |
' = TTI * “ *
0.25 BLES ST LOWQ RAN Iy PR[Cq [Ei HOT3S LG u lnl[ 0 Glass SumbminDG_P Gcrm diodex P:él‘; g S —l
.23 1S 3 " . M- G - 7,
.51 CATION (‘NLI,ANUFJPCTEBRERS FAMOUS, U 2 50 Mixed anfum trapsisters AF/RY 060 | Pakno Contents Price
029 U 3 75 Germ gold bonded sub-min. like OA47 ... 0.60 | UICKD = 400 080
028 Type Quantities Type Qulnmlcs U 4 30 Germ. trznsisioes like QC8L, AC128 __..... 60 | UICOL =12x740] 0.60
0.20 1 25 100 + 25 100+ | U5 60 200mA sub-min silicon diodts . . 0.60 UIC(2 =12x7402 060
020 | 7400 a4 013 02 7446 I!JZ 031 B.30| [f 6, 30 Sil.trans NPN kike BSYQGA 2N706 ....... 060 { UICO3 = 12x7403 0.50
o15 | 7401 014 013 017 7489 370 347 324 U7 16 Shract 750mAupto 1000 __.......... J0.60 | UICOE =12x7404 0.60
S 031 | 17402 ¢4 013 12 7490 080 653 036| Y8 50 Sil. d-omm'll’-amAhkeO/\zm 202, .. 060 | UICOS =12x7406 0.60
021 § ‘7403 el 0l3 012 7481 192 097 083 U9 20 Mixed voltages, 1 Watt Zener Diodes .. ... 0,60 | UICO6 = ax7406 0.50
03] | T4 04 G131 812 742 Q6% 056 59| 110 20 BAYSOcharge storage diodes DO-7 ... 060 | UICU7 = 8x7407 0.60
020 [ 7405 old 013 917 4R @8 086 050 Ull 20 PNPSi. trans. TO-S ike 2N1132,2N2904 .. 0.60 | UIC10 - I12x7410 0.60
022 | 7406 036 0:31 029 744 07 076 063 UI3 30 PNP-NPNSil rans 0C200 & 25104 _e.60 | UICI3 = 8x7313 060
015 | HOT 0638 031 029 7495 079 0376 06% 4 150 Mixed silicon and germ. diodes 0.60 ; UIC20 =12x7420 0.69
015 TH08 023 o022z U2 756 083 086 080} U15 20 NPN S trans, TO-5 like 2N696 . 060 | UIC30 =12x7430 0.60
ol | 7408 023 622 021 T4 139 134 L30| Uls ln 3Amp 5il_rect. stud up to 1000 PIV - 0.60 IC40 = 12x7440 0.60
018 Ta0 0l4 013 012 7404 056 454 a5l | U7 30 Germ. PNP AF trans TO-5 like ACY17-22 .. 050 | rUICH] = S5x7441 0.60
021 | 7ail az3 022 021 74105 056 453 051| UIs 8 6 Ampsilrect BYZ13 tupc up Lo 600 FiV .. u eo [UICe2 = 5742 0.69
a3 | 742 026 025 025 TAIO7 041 839 037] U19 20 Slicon NPN trans like BCI0R ____ ... UIC4T ~ 5x7443 0.5
024 | 7313 030 029 028  T4lI0 056 051 046 | U20 12 1.5 Amp sil. fect, top hat up to 1000 PIV . UlCé4 = 5xidsd 0.80
021 16 0.28 027 026 740 053 081 0.78 | U2l 30 AF. Germ.trans. 2G300 seties & OC71 UIC45 = Sx7445 0.68
0.20 | 7417 28 027 026 73118 083 088 Q.8 123 25 MADT's like MHz series PNP serics UIC4E = SxT446 0.60
020 | 420 6l4 013 12 74119 139 130 128 | U24 20 Germ. | Amprect. GIM up 10 300 PV UICAT = Sx7M7 0.60
83z | WX 028 027 026 712! 046 04 041 | U25 25 300MHZ NPN s trans 2N708, BSY27 UIC4S = Gx7444 9.60
046 | HB 037 036 035 T2 0.65 863 060 | U6 30 Fast switching sil diodes like TN914 UIC50 —12x7450 2.60
038 | 7425 037 036 035 IR 069 068 ‘065| U2 10 | AmpSCRsTO-Supta600PIV ... UIC51 =12x7451 860
0.73 7426 W37 035 033 414! 078 476 073 | U 25 Zener diodes 00mW DO-73-33 \mlts mixed u 40 | UICS3 =12x7453 0.68
0.58 7427 017 035 033 7430 120 616 1.1 | U3R 15 Plastic JAmp a1l rect. IN4000 sen ... 0,60 | UTC54 ~12x7454 Q.50
o6l | 7428 047 03 037 74150 13% 1307 1.20 | U34 30 Sil PNPrrans TO-5 BCY26 255024 ! UICHKe = 1227466 0.60
036 | 7430 614 €13 2 15l 102 057 093 |U35 25 Sil trans PNP TO-18 2N2506 . : UICT0 = 8x7470 9.60
036 | 7132 037 035 03 7453 093 0RS 083 { U3 20 SO NPN trans TO-5BFYS0/51/52 . .60 | UICT2 = Bx]472 0.60
035 | 7433 039 037 035 754 157 143 148 | U37 30 Si trans SO-2PNP OC200, w$S322 . 60 [ UICT3 = 8x7473 0.60
022 | 7437 03z 030 0328 74155 117 06  1.02 | J38 30 Fast switch sil trans. NPN 400MHz 60 [ UICTH = BxT4T4 0.60
020 | 7433 03z 030 028 74156 L1l 106 102 [UX 30 RF.Germ PNP trans. 2N130L/5 TO-5 0.60 | UIC?5 = 8x7475 0.60
a0 | 740 0.4 013 012 741 093 088 053 [U40 10 Dualtrans 6lcad TO-52N2060 . 0.60 | UIC78 = Ex7476 0.60
02z | 731 069 0.5 059 74160 130 125 120 |43 25 Sil. trans plastie TO-18 BC113/11 060 | UICRD = 5x7480 0.80
020 7442 0.69 066 059 7s161 g 1l.zz§ :ﬁ l'j:g 20 ﬂ scmR T;gauc TOSBCLIS - - . 0.60 | UICBI = %ﬁ 0.60
020 | 7H3 L1 Lo 142 74162 7 ‘. upta 60O PIV ... = 0,60
018 T4 L1l 106 102 T4I63 130 125 120 |u46 20 Unijunction trans. similar 1o TIS43 = SxT463 060
015 | 7445 145 L4 139 7418 167 162 )55 |U47 10 TOZ20AB plastic triacs SOV 6A = 5x7485 0.60
.15 7445 L1108 1.0z TA6S 1.67 162 1.55 |48 9 NPN sil power trans. [ike 2N3058 i 5 § = 5x7450 0.60
025 7547 1.02 039 087 ;4:_;'66 :g L.+ :.ﬂ 48 12 NPN sil. plastic power 60W like ZN5234 ... 1.20 llﬂg; - ?‘:7491 0.60
025 | T Loz 089 097 (JAlT4 k 4138 | = Sx7AR 0.80
048 7430 a1y 043 012 74175 10z 097 083 |Code Nox mentioned sbove are given as u guidc to the | UICE3 = Sx7483 0.60
021 7451 014 013 812 T 116 1LEl 106 |tvpe of device in the pak. The devices themselves are | UICse = Swhasy 0.60
021 7453 o4 013 plz TAITT 116 L1 106 normalty immarked. ICB5 = S5x7485 0.60
0.21 7454 014 012 012 74180 116 111 10§ UIC9 = 5x74 0.60
sl s S afen e e S s b g e =
021 7470 o3 027 035 7 5 = bed
021 i72 030 027 025 74184 165 L&z 158 L QUALITY TESTED PAKS ] UIKCI41 - Sx74l4) 0.60
021 73 038 0.3 032 7419 181 176 171 =2 UIC!151 = 5x74151 .60
0ls | 7Ty 038 036 032 74191 181 176 LTI = g UIC15~ 5x74154 0.60
wlhe  fxoaismoam 3 e e G- T =
020 | 776 A . ’ . 1 = 050
oz | 7480 036 051 05L 79I L2 106 111 | Q1 20 RedspottrnsistorsPRP ... ... 050] UICX1 25 Assorted 7as 150
:IS 7431 1.;: 097 ﬁl M Igg :ﬁ T-:z 0-:3 Q 2 16 Whité spot R.F. transostors PNP 0.60 —
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PO BOX 6 WARE HERTS
aeo]  ONLY £3.95

50w. PEAK (25w. R.M.S.)

@ Max Heat Sink temp 90°C @ Frequency Response 20Hz to 100K Hz @ Distortion better than 0.1 at 1KHz
@ Supply voltage 15-50 volts @ Thermal Feedback @ Latest Design Improvements @ Load — 3, 4, 5 or 16
:.ohms @ Signal to noise ratio 80dH @ Overall size 63mm x 105mm x 13mm. Especially designed to a strict
specification, Only the finest components have been used and the latest sotid state circuitry incorporated in
_this powerful little amplifier which should satisfy the most critical A.F. enthusiast.

[STABILISED POWER MODULE SPM80]

SPMB0 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s)) per channel simultaneously. This
module embodies the latest components and circuit techniques incorporating complete short circuit protection. With the
addition: of the Mains Transformer BM T80, the unit will provide cutputs of up to 1.5 amps at 35 volts. Size: 63mm x 105mm
‘x 30mm.

These units enable you to build Audio Systems of the highest quality at a hitherto unobtainable price. Also ideal for many
other applications including:—Disco Systems. Public Address Intercom Units. etc. Handbook available 10p.

TRANSFORMER BMTS80 £2.60 PRICE £3.00
|{STEREO PRE-AMPLIFIER TYPE PA100;]

Built to a specification and NOT a price, and yet still the greatest value on the market, the PAI00
stereo pre-amplifier has been conceived from the latest circuit technigues. Designed for use with the.
AL50 power amplifier system, this quality made unit incorporates no less than eight silicon planar
transistors, two of these are specially selected low noise NPN devices for use in the input stages.
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has
‘a STEREQ/MONOC switch, volume, balance and continuously variable bass and treble controls.

£13.20

z

MK 60 AUDIO KIT TEAK 60 AUDIO KIT
Comprising: 2 x AL60, 1 xSPM80, 1 x BTMB0, 1 x PA100, 1 front panel, 1 kitof | Comprising: Teak veneered cabinet size 16%” x 11%" x 3%4”, other parts
parts 10 include on-off switch, neon indicator, stereo headphone sockets | include aluminium chassis, heatsink and front panel bracket, plus back
plus instruction booklets. ; panel and appropriate sockets, etc.
COMPLETE PRICE: £27.55 plus 45p postage. KIT PRICE: £9.20 plus 45p postage.

[STEREQ 30 "COMPLETE AUDIO CHASSIS]
7 + 7 WATTS R.M.S.

The Stereo 30 comprises a complete stereo pre-amplifier, power amplifiers and power
supply. This with only the addition of a transformer or overwind, will produce a high
quality audio unit suitable for use with a wide range of inputs, i.e. high guality ceramic
pickup, stereo tuner, stereo tape deck, etc.

Simple to install, capable of producing realiy first-class resuits, this unit is supplied with
full instructions, black front panel, knobs. mains switch, fuse & fuse holder znd
universal mounting bracket, enabling it to be installed in a record plinth, cabinets of
your own construction or the cabinet available.

M EASEADD V.AT.
AT 25% TO ALL
IYEMS EXCEPT

< “ADD 8%

ZNDVAT. ~ e 3 - I
requires Hi-Fi perforrmance with a minimum  of Blus45p_

GIRO NUMBER installation difficuity. Can be installed in 30 mins. 'PRIGE £I 5.75 -postage & packing

388-7006 .

Ideal for the beginrer or advanced constructor Who

A T ViER plus 45p . ~ 3 {Plus 45p
TRANSFORMER £245 | Pusi = . TEAK CASE £3.65 2Lt ..o

AL 10/AL 20/AL 30_

The AL10, A120 and AL30 units are similar in their appearance and in their general specification. However, careful
selection of the plastic power devices has resulted 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 cartridge tape players in the car and at home.
_AL10 £2.30. AL20 £2.65, AL30 £2.85
EMIL LEK 350 Loudspeakers

Enclosure kit in teak veneer. = "FOR PALOO. _
including speakers. Rec. retail price 4-16 ohs impedancé Attractive matt siiver.

: - £4.50 per pair. : = fr respanse Finish with black trim
ISPEAKERS E OUR SPECIAL PRICE EEADPHONES 20 to 20,000 Hz ster- | [FRONT PANEL] and letcering. Adds
ONLY £27.75 per pair P&P €3

eo/mono switch and that professional

< oaly 3 J—2018C Crystal/Hi Output 3@ ’T T ¥
= 2¢ comstruction are 4 low noise, high | CASSETTE CASES Compatible: e :{-;; J U ST UT'
Holds 5. 10in x 3%n x 5in. Lock and handle 3.-20065 Stereo/Hi Output =

Swcnn taRsistors and it is provided with a

WHILE $TOCKS LAST! Volume Control £4.55 | touch_ £1.10 only.
[M.P.A.30] [STORAGE-CARRY CASES| |  |CARTRIDGES| | [DYNAMIC MICROPHONE
b et i PRI 0 a7 neinnreong | RcoS oot gy s T T B, B0 S e, cone:
. P;é:\':“é;?stw?;: Mo 2 Digh auality | 12n LP. 13%inx 7 3/8th in x 12% in (50 recgirgss% GROEL ::Drg;"t‘af:ﬁﬁlgﬂ:pﬁ Eég; plgs. Suitabie for cassetie tape recorders. ;

e DIN input socket far ease of AL J—2105 Ceramic/Med OQutput e STEREO FM
e 8-TRACK CARTRIDGE CASES J—2203 Magnetic SmV/5cm/sec £4.78 TUNER
jasmiies == full. easv to follow instructions. Holds 14. I3in x 5in x &in. Lock and handle including stylus £2.88
*£2.20. J—22038 Replacement stylus for above WRITE NOW FOR
PRICE £2 Holds 24. 13 3/8h in x 8 in X 5 3/8th in Lock andl 'AT—55 Audio-technicamagnetic  g396 )
, £2.65 | 198 oy Carge s e e | FULL DETAILS
ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1975 i
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DIGITAL CAPACITOR METER
A compact capacitance meter with

digital readout has just been introduced
by Aim Cambridge Ltd. The DCM302,

. as it is known, is available for £89 and

autoranges over 6 decades from
1999pF to 199.9uF fulli scale. The
3% digit display gives accuracy of
+0.5% of reading.

The DCM302 is battery operated
and requires no setting up before
taking measurements.

Aim Cambridge Ltd. Nuffield Road
Industrial Estate, St lves, Huntingdon,
Cambs.

RCA TEST SETS

Arrow Electronics now stock a new
range of RCA test equipment. The
range goes from the Handyman
Special, a rugged low cost volt/chm/
milliameter, to the high sensitivity
AC. Further details from Arrow
Electronics Ltd., 7, Coptfold Road,
Brentwood, Essex.

SPACE LUBRICANTS

Normal lubricants are not very satis-
factory in space but a group of Soviet
scientists claim to have solved the
problem by using microwave radiation.
Apparently a short exposure to this
radiation allows surfaces to slide over

_each other in a vacuum.

IC CHIP

in 1972, JVC first introduced their
Automatic Noise Reduction System
(ANRS]) into their top-range cassette
decks. Since then, ARNS has been
incorporated into a wide range of tape
decks. Recent improvements however,
in cassette deck quality and the poss-
ibility of “’noise-reduced”” FM broad-
casts have meant improvements in the
quality of noise reduction systems and
the application of these systems to
components other than cassette tape
decks.

To meet these new requirements,
JVC has recently completed the
development of the ANRS IC. The
new ANRS IC chip will improve both

the performance and reliability of
ANRS systems and make them con-
siderably easier to add to existing
units. JVC have replaced the bulky
mechanical switch in the ANRS
circuitry with.integrated electronic
switches. The compender circuit is
totally integrated into a single mono-
lithic I1C.

£ OW PRICE LASER

A complete mains-powered Laser is
now available for under £100 from
Wilton Electronics {Scotland} Ltd.
Manufactured in the USA by C.W
Radiation and designated the W-100,
the Laser produces 0.5mW; itis a
Helium-Neon type with an output at
6328A. Beam divergence is fess than
2 milliradians; beam diameter is 2mm
and polarisation is 1000:1.

..........

Wilton offer a years guarantee with
the W-100. The price is £97.20 includ-
ing VAT and carriage.

Wilton Electronics (Scotland) Ltd,
44 St. Andrews Square, Glasgow

G15PL.

ANRS INTEGRATED INTOQ A SENGLE

NEW LC DISPLAYS FOR WATCHES

A new series of Ligquid Crystal dis-
plays have been announced by
Beckman for digital watches. These
display hours and minutes continually
with either date or seconds, selected
by a push-button. Contrast ratio is

'20:1. power requirement is 1 micro-

watt so that even with constant read-
out battery life is over a year. LC
modules are available for both 3V and
6V mogels and a CMOS compatible,
Beckman Instruments Ltd.,
Queensway, Glenrothes, Fife, Scotland.

THIN PROFILE WIRE SHEARS

For cutting wires in electronic assemblies
where space is restricted and convent-
jonal cutters are impractical, a thin pro-
file shearing tool known as the
Microshear 170 has been newly intro-
duced to this country by Welwyn Tool
Co. Ltd. of Welwyn Garden City, Herts.

AN OCEAN OF ENERGY

More ideas for utilising the power of
sea waves are being developed by
European scientists. Wave theory

from other branches of physics helps
scientists to develop efficient energy
absorbers. For instance, if you can
produce interference patterns at sea
this provides you with small areas of
concentrated energy. Two Norweigan
physicists K. Budar and J. Falnes have -
found that energy can be concentrated
onto a buoy by using a circular wave to
cause such patterns. When the buoy

is resonating with the waves its energy
can be absorbed by a system fixed to
the sea bed.

: : e o



INTERPLEX SINGLE-TUBE COLOUR
TELEVISION CAMERA SYSTEM

i A new single-tube cofour camera -
interplex - developed by Siemens,
incorporates a tube which gives uni-
formly high colour rendition of high
resolution. The unit consists of a
compact camera with a tube and a
decoder which converts the colour
information into standard PAL tele-
vision signals.

The Interplex single-tube colour
camera uses a new type of dichroic
strip filter, in contrast to a normal
three-tube camera, the colour dis-
tributor used to break down the image
arriving from the lens into red, green
and bltue channels is integrated'in the
Interplex picture tube. This has made
it possible to reduce the size of the
camera considerably by dispensing

‘ with the accessories for colour

' coincidence which is so difficult to
attain with a three-tube system.

The signal information supplied by
the television camera tube in the -
4.43MHz range is converted into
standard PAL signals in a decoder with
comb filter systems and electronic
circuitry. Each frequency spectrum
of the black-and-white and colour
information is separated by the comb
filter and here the spectral lines of
the video signals are broken down into
colour {chrominance} and luminance
information. Additional electronic
circuits suppress interference from
repetitive luminance in the chrominance
channel {cross-colour suppression},
and are also used to suppress inter-
ference in the opposite direction
(cross luminance suppression). The
individual colour signals are processed
without loss of information or colour
rendition and uniformity, and can be
passed on to a receiver as a PAL
coded colour signal. The decoder
can also be used for horizontal and

[ vertical aperture correction and
addition/subtraction of blue, green,
red and white colour components
{matrixing).

CcMOS FOR 15V OPERATION
Motorola are the first manufacturers
of CMOS to provide fult min/max
specifications for CMOS working at
16V supply voltages. This applies to
all parameters and all types presently
available. While other manufacturers
claim that 15V working is possible with
s their products, none specify the per-
' formance limits that are actually
achieved or can be expected at this
voltage. The main advantages to be
obtained from using CMOS at 15V
are higher speed and maximum noise
immunity {typically 6.75V).

RADIO CONTROL FOR YOUR CAR?

Blaupunkt, the German car radio com-
pany, have made a device which could
provide motorists in Germany with
directions along the route to any one
of 65,000 places. A small display on
the dashboard telis the driver when to
turn off the road and which direction
he should take. Any destination can
be defined, to within 1% miles, by
four characters entered into a key-
board like that on a pocket calculator.
The first character iocates one of 16
regions (covering the whole country),
the second selects one of 16 areas
within this region, and so on. *

This all sounds a bit fantastic for a
couple of small boxes in-the car. There
is more to it: ihe car system is linked
by radio to transceivers along the
major roads. The car unit tells the
road unit what its destination is and
in return the road unit gives an
appropriate reply — turn left, turn
right or continue.

Once the system is fitted to the car
it is easy to use it to supply other
information to the driver. A central
control can warn him of fog, diversions,
etc.

NEW FLASH TUBES
Siemens who are marketing Heimann
flash tubes in the UK, have just intro-
duced two new types.

One is the BUB 0641 (iltustrated}.

This is designed for use in roadside
warning beacons, marine and vehicular
applications. The BUS 0641 which is
similar in appearance to the first type
is designed for stroboscopic applic-
ations such as car igpition timing.

7
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NEW RF TEST SYSTEM

Texscan's new 9600/9650 RF Track-
ing Sweeper/Analyser provides
precision measurements in the range
1MHz to 350MHz. The system
incorporates a tracking sweep gener-
ator/spectrum analyser, display unif,
reflection coefficient bridge, test
comparator, and gain and loss measur-
ing attenuators.

It has been designed to facilitate a
wide range of measurements including
gain and loss, frequency response,
field strength and modulation, and its
high stability enables accurate
measurements to be made equally well

on broad and narrow band devices.
Versions of the systems are avail-
able for 75 ohm or 50 ohm operation.
The dynamic range is 80dB, sensitivity
is TmV and sweep system flatness is
+0,25dB over the full frequency
range. The features of the instrument
include automatic phase lock, 50dB
bridge balance for return loss meaure-
ments, 120dB range for isolation and
crosstalk and provision for up to six

plug-in crystal markers. From Texscan

Instruments Ltd., 1 North Bridge Road
Berkhamsted, Herts.

0SCILLOSCOPE PROBE KITS

The latest addition to the Interprobe
range of oscilloscope passive probe
kits is the triple function INTERPROBE-
3 giving x10 attenuation up to 8OMHz,
x1 attenuation up to 15MHz and an
earth reference check as selected by

a 3-position switch built into the
probe body. Features include ultra
flexible cable, a fixed earth lead, a
strong sprung hook tip and input
capacitance range of 15-60pF.

The Casio Memory 8-A js an eight
digit calculator which offers the usual
four calculating functions plus a
constant, an independent accumulat-
ing memory, square root and a percent-

WINDQW
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TELETEXT RECEIVER AT
SCIENCE MUSEUM

The BBC’s CEEFAX service can be
viewed by members of the public in
the Radio Room at the Science
Museum in Kensington,

At present 50 pages are being broad--
cast but this will eventually expand to
100. CEEFAX is expanding at present
and the BBC are advertising for addit-
ional staff.

Teletext was described in some
detail in the July 1975 issue of ETI.

BUZZING BEES

Experiments are taking place in Russia
using the amplified playback of the
sound of feeding bees to bring others
to the spot.

It appears that when bees find a
good food gathering area, they change
the frequency of the wing beats,
attracting others.

CANNON PLUGS

Inour Line amplitier project {ETI July}
we gave details of how to wire up a
Cannon plug and socket. However
there seems to be more than one
standard for doing this.

Most manufacturers now use the
DIN standard which goes as follows —
pin 1 is used for the screen connection,
pin 2 is used for the live signal, pin 3
is unused except with balanced lines
when it carries the return signal.

LIGHT BURST
BURGLAR ALARM

The major cost of most professionally
installed burglar alarms is inter-unit
wiring.

A new system which overcomes this
cost has been developed by a US
company called Flashguard. The
Flashguard system uses seif-powered
pyrotechnic flash ‘cubes’ to guard
windows and doors. If an intrusion
is attempted, the pyrotechnic sensors
trigger and direct an intense flash of
light to alarm control sensors,
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FLASH SENSOR 3
o~ o] | aLarm

CONTROL
CENTER




, A. Marshali {London) Ltd Dept:ETI
42 Cricklewood Broadway
London NW2 3ET Tel:01-4520161/2
Telex: 21482
& 85 West Regent St Glasgow G2 2Q0D
Tel: 041-332 4133
& 1Strails Parade Fishponds Bristol

BS162LX Tel: 0272 654201/2
Callin and see us 9-5.30 Mon-Fri 9-5.00Sal & 27 Rue Danton issy Les Moulineaux
Paris 92 Tel: 642 2985
Trade and export enquiries welcome  Catalogue price 25p

mi from thae largest range in the UK PVWW TELETENNIS KIT
Top 500 Semiconductors from i rg g9 As featured on BBC Navonwide and in the
SN456 0.80|2N3390 045 | 2N5285  0.a8 | AF11E BF159 0.27 w309 1.88| ocdz a.50 ?;'ﬁ,"ﬁ'iﬁ'::ﬁf‘ w:l'?vhsrem:
2N456A 085 {2N3391  0.28 | 2N5296  0.48| AF117 BF160 0.23 | LMBTI 1.50{ Ocas 0.32 o T e S o e
2N457a 120 |2N3391A 029 | INS298 050} AF118 BF163 0.32 {LM380 1.0 oc71 -037 Parts list as foliowa; A Hesistor Pack £1.00
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Fig. 1. Schematic diagram of a single channel auto
analyser system showing components that might

be used.

DIALYSER

ELECTRONICS
"IN MEDICINE

The never-ending fight against disease has led to many
advanced electronic applications.
Sydenham deals with blood and other aspects of pathology.
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This month Dr. Peter

PATHOLOGY is the science and study
of disease in both humans and animals.
And behind the scenes of every
hospital and the many GP’s who
service our health, there is, in one
form or another, a pathology centre.
As we will see, these centres play a vital
and dominant part in modern
medicine. It is a discipline wherein the
practical knowledge of the medical
professional combines with the skills
and achievements of simple to
advanced electronics.

Today a major part of pathology
relies on sensing and- measuring
methods that extend the natural
ability given to the surgeon or family
doctor in order that they can obtain
more precise diagnoses of the myriads
of illnesses that can befall us.

in this two part feature we report on
the type of work that a pathology
centre undertakes — and on how the
many varied tests are made having due
regard to adequate recognition of the
precision and the timeliness required if
the tests are to be of value in curing or
rectifying  malfunctions of the
hiological system of man and animals.

CHEMICAL ANALYSIS OF BLOOD
The. greater part of effort in a
Biochemistry division is to analyse
blood, determining the concentration
of over eighteen constituents. These
measurements comprise the greatest

proportion  of  individual tests
but now require the least man-
power for they are almost all
completely automated. Once “the

samples are loaded into an automatic
analyser the rest is machine handled
right through to the printed report.
The system that does this is known
as the muiti-channel Auto-Analyser.
To understand multiple operation of
this system let us start by looking at
the basic single channel system used
(Fig. 1). Small specimen cups filled
with blood are arranged in a rotating
turntabte.  Interlocked mechanical
drives advance the table one phial at a
time and lower a sampling tube into
each in turn. A persistaltic metering
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pump (liquid is conveyed by squeezing
a flexible tube with a moving roller).
transfers the extracted sample into the
entrance tube of the analyser unit —
placing a small air bubble between
successive samples in order to separate
them. Diluent may also be added at
this stage.

The train of samples then moves
around spirals that mix the sample and
added fluids ready for the next step
which is ‘to dialyse out the chosen
constituents. Dialysis is a process of
chemical separation which relies on
the various molecular sizes passing, or
not passing, through semi-permeable
membranes. Using the appropriate
choice of membrane the fluid stream
is chemically separated as desired. The
required fluid, that remains after
dialysis or that dialysed out, is then
transferred to the analytical measuring
device to be used. When agents are
added it is"often necessary to heat the
mixture to a precise temperature at
the appropriate part in the flow path.

The output of the particular
analytical unit used is obtained as an
electronic signal level which can be
used to provide digital readout and a
printed data value for each successive
sample. The basic sampler system will
take successive samples at a rate of 60
per hour with the complete pass
through the auto analyser taking
around eight minutes. :

To increase the throughput the
company marketing these systems
(Technicon Equipment Pty. Ltd)
developed a sequential multiple
analyser which provides six different
tests (compared with just.ene in the
basic device] on each sample at the
rate of 60 samples per hour.

The sampler unit of this system
similarly dips each serum phial in turn
but the samples are then split into five
separate streams that feed six

analytical units (two results come
from one stream) each determining
different blood chemistry parameters.

The EMI-Scanner, shown on the cover,
represents 2 major breakthrough in diag-
nostic techniques. Conventional radiograp-
hic techniques have only gbout a 1%
resolution due to the difficulties of differ-
antiating tiny variations in tissue density.
This is more ditficult in the brain where the
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Fig. 3. Twalve tests on sixty samples an hour are performed by this automatic serum

analvser from Technicon.

Four streams go to colorimeters, one
to a.-flame photometer which has three
photo cells with specific pass filters for
detection of Sodium and Potassium
against a constant -background level
of Lithium.

Colorimeters are photoelectric units
designed to monitor the difference
between. a standard colour and that of
a sample solution. Provided the sample
has been accurately diluted and
suitably chemically treated and
separated before the measurement, the
colour density will be directly
proportional to the concentratios of
the required parameter in the solution.
Colour density is determined by
photoelectric  comparison  of
sample solution with a standard
sotution. If the colour density is
increased, the process is said to be of
positive colorimetric result. A blood
urea nitrogen test is positive; the

tissue is surrounded by the cranium.

The EMI-Scanner uses advanced tech-
niques enabling a ‘slice’ of the brain — or the
body in another version — to be displayed
directly. This design has won a number of
major awards since 1972 and is being ex-
ported al! over the world.

Reference
datactor

duringa

single scan

Patent's

the

Picturestaken

N

glucose test negative. The now treated
sample flows through the viewing
cuvette altering the transmission of the
light source radiating through to the
measuring photo cell. This value is

automatically compared with the
standard cell to indicate the
concentration as an equivalent

electrical signal. {The block diagram of

the Auto Analyser Colaorimeter is given
in Fig. 2).

Colorimetric methods enable many
different concentrations of serum to
be assessed — chloride, bicarbonate,
protein, albumin, calcium, alkaline
phosphatase, bilirubin, urea nitrogen,
giucose, cholesterol, uric "acid, plus
others depending on the reagents
added and the dialysing membranes
used in each channel.

Flame photometry, the second
sensor used at the end of the
autoanalyser system is also based on
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Fig. 4. Typical record format produced by the SMA 12/60 Multi analyser unit. Each
scale represents the expected range of concentration of twelve basic serum constituents.

colour comparison but in the form of
colour measurement of a standard
fiame burning the treated solution. As
the flame burns the unknown element
the emission spectra is altered. The
colour produced in this way s
compared with a control flame
burning a known substance; lithium in
this case. Flame photometry is used to
measure  sodium and potassium
concentration in the serum.

So that several flame photometric
tests can be carried out on a sample at

one time, flame photometers are
available in multi-test form. One
interesting feature of this is a
multiple oscilloscope display that

shows the state in time of each of the
twelve tests being carried out on each
sample. In setting up the machine the
operator has to carefully select the
‘mixing spirals so as to add in the
correct amount of time delay, This is
necessary if the results are to be
obtained in the correct sequence at the
output.

Output comes in two forms from this
unit. First, as an analogue chart record
like that shown in Fig. 4, where the
pen traces across the appropriate scale
at the tevel of concentration measured
— this should demonstrate the reason
for needing accurate phasing of the
recorder and the tweivé tests! The
second output form is for a direct line
to the central computer centre,

In a single day 250 samples are
analysed for twelve parameters and

200 samptles for six parameters. The

two Auto-analyser units are set up
differently to provide 18 different
blood parameters if needed. It is
considerably cheaper to carry out ali
12 tests than to run just one on the
single charinel unit. This equipment
revolutionised analysis. For all its
complication and sophisticated
electro-mechanical design the unit
reliably performs tests at a few pence
a parameter.

Multichannel analysers such as these
are now just over a decade old in
concept and advances are now
available that enable the system to be
further automated. The next step in
development would be to add a

LLRS

UNKNOWN SAMPLE

Fig. 5. Schematic of

simple photo-electric

colorimeter.
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mini-computer that will control daily
seif checks of electronic performance,
calibrate itself and provide
maintenance instructions for the
technicians’ use.

MORE BLOOD MEASUREMENTS

Very much related to the chemical

measurements performed on the
multi-analyser are other blood
parameters. These tests include

estimation of cellular properties of
blood-number and size of red and
white cells, concentration of
haefnoglobin (the colouring matter of
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Fig. 6. Particles, biood cells in this case, pass through the small orifice {shown under the
eyeglass) producing pulses that are counted. This is the basis of the Coulter Counter.

red corpuscles of the blood which
serve to convey oxygen to the body
tissues) in red cells and its level in the
serum.

Colorimetry is used extensively in
the measurement of haemogiobin, for
its concentration is proportional to
optical density. A haemoglobinometer
{or haemochrometer} is an extremely
old instrument concept. The whole
blood is first diluted with a pure
dilutent, such as distilled water, in an
accurate proportion. The colour of
this fluid is then compared with
coloured papers in the simplest
technique. More precise methods make
use of photo-electronic  colour
matching. The Unicam SP300
colorimeter developed over 40 years
ago still serves a useful purpose.
A light source, see Fig. 5.
shines on a large area selenium barrier
through an optically selective filter
and a standard size cuvette.

The output of the photocell drives a
mirror  galvanometer * that s
self-contained within the equipment.

In use the appropriate filter is inserted
along with a standard, suitably filled
container which acts as the reference
optical density. The galvanometer is
then balanced to the datum value and
the reference changed for the
unknown which, due to greater optical
density, produces a different
deflection value that is related to
concentration. These give a measure of
haemoglobin concentration in grams
per hundred millilitres of whole blood.
Checks on these devices are made
using purchased standard “blood”
solutions which’have the right optical
density for various concentrations.
More advanced instruments perform
the reference-unknown changeover
process by comparing the relative
signals produced by alternately or
simultaneously viewing each with the
same cammon source. This was shown
earlier in Fig. 2.

Another simple test to do with whole
blood cells is the determination of

packed cell volume PCV. The whole
bloodsample is placed in a slender tube
container of fixed voilume and length.
This is placed on a small centrifuge
that rotates at speed, packing the more
dense blood particles on the outer
radius. After centrifuging, the phial is
compared with a graduated chart that,
by way of measurement of the distance
along the tube, reads the PCV value.
Simple — yet quite adequate.

Prior to the early 1950s the often
necessary diagnostic task of counting
and sizing blood cells (red, white and
platelets), was extremely arduocus for
the operator had to view a smear on a
microscope and fiterafly count what
was seen in a standard area. There is
still need for direct observation of this
nature for other reasons, but
fortunately there is now an automatic
machine that performs the bulk of the
counting requirements. In a cubic
millimetre of blood there are around 5
million red corpuscles and they
account for 98.5% of the corpuscular
mass. In the same volume there are
typically 10 000 white cells and 400
000 platelets.

Around 1956 Coulter marketed a
basic instrument that, as their patent
described, used '"an electric current
path of small dimensions modulated
by the passage of individual particles”.
As the particles {not only blood cells
can be counted of course) pass
through a small orifice containing
electrodes (see Fig.8), the conductivity
changes each time a particle passes
thereby producing an electric pulse
suitable for counting. Furthermore,
the magnitude of the pulse is related
to the size of the particle. It was able
to count cells at the rate' of 50 000
cells in 20 seconds. And it didnt get
tired!

Today, Coulter counters can be most
sophisticated as the  following

description of the multiparameter.

Model S unit (installed at the 1MVS)
will show. This unit, shown in Fig. 9,
accepts one millilitre samples which
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are fed in by the technician along with
diluent. It processes these samples to
provide seven blood parameters —
more again on top of the 18
obtainable from the Auto-analyser
systems, The values are printed on a
report card. Soon they will go direct
to the -computer. This machine is a

-marvel of automated fluid transport

combined with sophisticated
electronic data-processing. To see how
this system operates we. will trace the
path of the serum sample using the
flow chart given in Fig. 8.

The first step is .to draw blood plus
dituent into- a dilution module that
accuratzly mixes the two in a one in
224 ratio — which suffices for white
cell counting. Some of this diluted
serum passes back for a second 1 in

224 ratio dilution ready for red cell

counting after lysing. Lysing is the
process whereby a reagent is added
that destroys the red cells still existing
in the one in 244 first dilution picked
off from the white cell channel. Both
channels are now ready for counting:
one contains predominantly red cells
and the other predominantly white
cells. :

The counting bath in each path
contains three counting sensors each
having typically 100um diameter
orifices. Triplication is used to provide
redundancy and averaging of values.
Before the white cell fluid is expired
to waste, it passes into a colorimetric
style of haemoglobinometer which
provides the raw data for the seventh
parameter which is not a counting
value.

The pulses selected from the
appropriate height representing the
sizes needed are produced by the two
sets of three count-generating sensors.
These pass to proceeding pnits that.
decide if the counts are indeed valid —
if one channel is unduly different from:
the others it records a failure — as
happens when an orifice blocks. The
reds are counted with the fewer whites
still remaining, for statistically the
|atter are too few to be of any
consequence. Knowing the dilution
ratios, volumes and averaged counts
for each channel, the computing
circuits provide the seven parameters
to the report and printer — total
haemoglobin Hb mean cell haemo:-
globin concentration MCHC, mean cell
haemoglobin MCH, mean cell volume
MCV, haematocrit Hct, red cell count
and white cell count. The printer is
seen on the right-hand of the unit.

ELECTRON MICROSCOPY

Whereas a large amount of diagnostic
results are obtainable by viewing
suitably prepared slides in he optical
microscope, the useful maynification,
being limited to:around X 2000, is
often inadequate. If greater detail is
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Fig. 7. Multiparameter
Model S Coulter Counter
with covers removed.

needed the study must be made using
an electron microscope; Two well
known units are the Hitachi HUT1E
and the Joel JEM100c analytical
electron microscope. These can provide
magnifications to X 10000000 if
required, being able to resolve detail
about 0.5 nM dimensions.

With these, pathologists are able to
study mounted specimens from
numerous sources — tumours, kidney,
lung, intestines — taken both from
humans and animals.

Interesting here is the-sophisticated
preparation of specimens that is often
required. in -the simplest case the
specimen is mounted onto a platen
grid {a supporting mesh is used to
support the microtomed (very thin}
slice, for a glass support is not
practical in transmission electron
microscopy ). To improve the contrast
the specimen maybe treated with
heavy-metal chemicals. =
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The extreme situation occurs when

the specimen will not endure the

bombardment of the electron beam,

exposure to atmosphere or the
ultra-high vacuum. It may also lack
adequate contrast to the electrons
probing it. In such cases a special
freeze-etching machine is used to
prepare a suitable specimen. First, a
small piece of sample is placed in the
machine which freezes the slice in an
incredibly short time. The frozen
sample is then sliced (really a
progressive surface fracture for it is ice
that is being cut) to expose -a uniform
flat surface. This process ensures
dimensional and chemical stability of
the sample. But the sample must still
be placed into the vacuum chamber of
the electron microscope. And even
though the sample is frozen it would
still melt and be destroyed unless it is
further protected.

The next stage, therefore, is to etch

melting of the sliced surface. Using
vacuum deposition, a layer of
platinum and carbon is then deposited
onto the specimen taking up the
contours produced by etching. The
original material is then digested away
leaving the replicated sample which is
suitable for wuse in the electron
microscope. To complicate matters the
whole preparation process must -be
carried out at high vacuum {0.0005
Torr). The average preparation time
for a sample is around 90 minutes so
samples needing this much
pre-treatment are not done in large
quantity. E
Whereas the Hitachi instrument is a
reasonably standard electron-micro-
scope, the Jeol model incorporates.
a scanning  facility and the
ability to carry out chemical
analyses of the various parts of the
specimen whilst it is mounted in the
microscope. Generally speaking the
scanning style of electron-microscope:
sacrifices resolution (about 10 nM is
the normal limit) in exchange for the
ability .to picture the specimen with
remarkable depth of focus. There are
other advantages, however, which are:
the merits needed in pathological
work. Here the scanning mode enables
the operator tc view specimens that
are less loaded with heavy metal
chemicals and to use a lower operating
voltage, thereby obtaining longer life!
from the specimen: the reduced
contrast of the specimen can be
counteracted by the ability to brighten
and increase the contrast in the
reconstructed scanned image output.
1t also enables thicker sections, that
are easier to cut, to be used. This
particular electron microscope
incorporates a mini-computer which is
programmed to increase the wanted
image quality by automatically
removing a predetermined unwanted
signal background from the video
waveforms before the image s
reconstituted.
To be continued.
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‘ DIGI I AL This project forms a module
S which will be used in other ETI

projects including the DVM in

' DISPLAY L

ALL digital instruments have a
common assembly in the display
system. Again, almost all instruments
require decade counters, stores and
decoder-drivers for the display.

Normal systems using TTL logic
generally have a 7490, a 7475 and a
7447 to drive each 7 segment LED
display digit. Hence to build a
three-digit display nine ICs are d
required in addition to three display -
ICs. I

Complex logic functions are .
available in CMOS which allow a 3 -
digit display to be built using.only twe
1Cs — and such ICs are avaitable at
reasonable cost. One of the devices Is a
three-digit, decade-counter, store and
the second is a three-digit
decoder-driver. Thus three digit:
displays can be built which have the
following advantages.
1.Small size
2.Low power consumption {120 mA

compared to 600 mA in TTL)
3.Wide power supply range {5-15V

unreguiated}.
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Circuit diwgram of the three digit countar module. PIN 9 TO +V VIA RESISTOR




DIGITAL
DISPLAY

4.Cost about same as TTL but rapidly
decreasing,

S5.immunity to noise is greatly
improved.

Disadvantages
Maximum frequency about 1 MHz

compared to 15 MHz for TTL..
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CONSTRUCTION

Construction is quite straightforward
especially if the printed circuit boards
described are used. Since both ICs are
CMOS devices, they can be easily
damaged by static charges. Hence they
should be handled as little as possible,
fitted to the board after all other
components and soldered using a
minimum of heat.

Using the component overlay
assemble the three DL704 displays to
the display board (533B). Next solder
the links onto the copper-side of the

EYTPEREAR Mt TETRETRRS

R1,2, 3,4 Resistor 100 k
R5-11 5 see text.

C1 Capacitor 0.001 uF Polyester
c2 2 0.01 pF Polyester

PARTS LIST — ETI 533

Rear view of the com-
pleted module. Note
resistoss and links at
rear of display board.

IC1 Integrated Circuit MC 14553 (CMOS)

Ic2 5 ‘14511 or 4511 (CMQS)
Q1,2,3 Transistor BC108 or similar
DISPLAYS DL704 or simitar three required
PC boards ETI 533A and ETI 533 B

[C1 and {C2 are available from Marshal!’s

STROBE ——assmas
DIS ABLE i
CLOCK rm—miiiags .
RESET e
O/ FLOWY ety
+ Ve e

— Ve

o |
LT
]

O | L '

N T 1 B TN AT, W

Fig. 3. Component overlay — dis-
play board.

Fig. 2. Component overlay-logic board.
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< Fig.4. Printed circuit layout for
logic board. Full size 80 x 42 mm.
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Fig. 5. Printed circuit layout for
the display board. Full size 41 x
35 mm,




HOW IT WORKS — ETI533

The heart of the counter is [CI, this
LSt CMOS chip contains a three-digit
decade counter, three sets of latches,
and 2 three-digit multiplexer with an
internal oscillator. C1 is used to set
the frequency of this oscillator.

The four input lines to 1C1 are used
to control the operation of the
counter. Since IC1 is a CMOS device
R1l4 are used to protect its inputs.
Pulses to be counted are fed to the
clock input and on a negative
transition the value in the counter is
increased by one. The schmitt-trigger
action of the clock input allows any
value of transition time of the input
pulse.

The counter operates when there is

" alow at the disable input (pin 11).

To ensure accurate counting the
clock should be low when the disable
is brought from a high to a low level.
The strobe input controls the loading
of the latch. When it is low, data can
be accepted for display. However the
strobe input has no effect on the
counter, i.e, even with the strobe
input high, the counter can still be
incrementing.

A high on the reset input clears the
counters (to a 000 state) and stops
the intemal multiplexing oscillation
of IC2, and so — blanks the display.
Retuming the reset to a low allows
the internal oscillator to start up and
all zeros to be displayed. This feature
could be used in portable equipment
to conserve power.

All inputs are standard CMOS
inputs and require a minimum
voltage change of from 30% to 70%
of supply volts. However it is
recommended that a swing from OV
to supply be used to give a
satisfactory, noise margin. Each irput
can be considered to be 100k
shunted by 8-10 pf. Voltage swing
below OV and above supply are also
to be avoided.

The one output available is the
overflow (pin 14). This goes positive
when the counter is 999 and the
elock input is high. When the clock
input goes low and advances the

display board and form them so that
they are clear of other tracks by at
|east one miilimeter.

Next fix lengths of tinned copper
wire to each of the six holes on the
bottom of the display board. Allow
approximately 10 mm of wire to
extend from either end of the holes.
Bend each wire so that they lie parallel
and flush to the surfaces of the display
board — do not solder as yet.

On the main printed-circuit board
{533A) fit resistors R7, 8,9, 12, 3 and
4 and capacitors C1 and C2. Now mate
the display board to the main.board
by inserting each of the previously

counter to all zeros the overflow goes
low. This is a CMOS output and will
swing between supply rails. It is nat
recommended that the overflow
output be used to drive TEL directly.

The intemal multiplexer of IC1
allows considerable saving in parts
and board space. It allows a
three-digit number to be transmitted
over a single set of lines and it does
this by leaving each digit on the
output lines for a short length of
time, before replacing it with the
next digit. Then after presenting all
the digits once, it starts over again
and repeats.the operation.

IC2 is a CMOS, latch BCD to
seven-segment decoder and driver,
however for this application the latch
is not used. t converts the 4-bit BCD
code into the secven-line code
necessary to drive the display
segments. It also provides sufficient
current to drive the display.
Although IC2 is coupled to all three
displays, only one display is lit up at
any one time. Thus when it is the
turn of the most significent digit to
be displayed ',ICl presents that
number to IC2 which decodes the
number and presents it to the three
displays, but only QI is tumned on, so
only the left most display lights.

Note that IC1 controls which
number is being presented and which
transistor is turned on. This is called
multiplexing. The switching between
displays occurs so quickly that to our
eyes the light appears continous.

Resistors R5 .to RI11 limit the
current to each LED display to a safe
level. Three different values- have
been given for these resistors. Select
the value appropriate fo the supply
voltage that you decide to use, 68
ohms for 5 V, 330 ohms for 1C V
and lk for 15 V. Transistors Ql1, Q2
and Q3 also act as current amps since
only a limited amount of current can
be taken from IC1.

Any voltage from 5 V to 15 V can
be used to supply the counter,
however, a supply voltage of 15 V
allows the counter to operate at its
highest speed.

bent wires into its corresponding pair
of hotles on the main board.

Apply gentle force to the display
board until its bottom edge fits snugly
against the main board. Solder each of
the wires to both the supply and main
boards to make a sound electrical and
mechanical support for the display.

Fit RS, 10 and 11 and, taking care to

orientate them correctly, fit Q1, 2 and
3 and IC1 and 2.
. Lastly check that all components
have been correctly fitted and all
solder joints are good. If possible get
someone else to check your final
circuit as a final safeguard.
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MK

AS SEEN
ON BBS-1
& BBC-2

TV

® Gaenuine B-sillcon transistor circuit,
does not need a transistor radio
to operite,

@ |ncorporates unique ‘varicap tuning
for extra stability.

® Search hsad fitted with Faraday
screen to eliminate capecitiva
sffects.

® Loudspsaker or earphone cperation
{both supplied}.

® Britgin’s best selling metal locator
kit,

® Kit can be built in two hours

using only soidering iron, screw-

driver, pliers and side-cuttars.

Excellant sensitivity and stability.

Kit absolutely completa including

drilled, tinned, fibreglass p.c.

board with components siting

printed on.

@ Complete after sales service.

® Woeighs only 220z; handle knocks
down to 17" for transport,

Send stamped, self-addressed envelope
for literatura. =

Complete kit "
irsaih £10.90
search coil -

Plus 60p PAP

Plus 92p VAT

Built, tested £15.25

Guaranteed

Plus 60p P&P
Plus £1.27 VAT

MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford,
LONDON Ei8 2AN

(Mail order only}
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THE PREVIOUS ARTICLE details a
simple, three-digit display module
which is readily adaptable to a wide
range of applications and s
inexpensive to build. This month we
provide details of the first of a series
of modules specifically designed to
interface with the ETI! 533 display
module.

The first of these modules is a
simple, yet accurate, dc digital
voltmeter. Fundamentally we have
described it as a single range unit
which is economical enough to be
mounted within other equipment as a
pane! meter. However an input switch
may be readily added to convert the
instrument for use on ranges from one
volt dc full scale to 1000 volts dc full
scale.

We have not described the
mounting of the unit in a cabinet or
box as individual reguirements will

vary widely.

Fig.2. Circuit boards used for the
converter.

TABLE I
RANGE VALUE OF R12
1V 100k 5%*
10V ™M 5%
106V 10M 5%*
1000V 100M 5%*

{10 x 10M}

For multirange meters R12 must
be 1% cr adjustable.

Fig.4. How the voltmeter appears before final assembly.
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HOW IT WORKS

The method of analogue-to-digital
cenversion  used is the popular
dualslope integration technique. A
general explunation of this nethod
was given last month in our
multimeter survey and reference
should he made to that article. We
chose the dualslope technigue
because 1t is pelatively insensiive to
component tolerances and gives very
linear resulis with least amount of
circuit complexity. The technique
was developed by Weston und hence
is covered by patents. however. there
is nothing to stop individual
constructors from using it. nor are
there any rovalties involved.

The cireuit consists of un intégraior
{1C4 and €3}, a2 compasater {IC3), an
input selector {IC3), an oscillator
(1C6/1.2,3) an RS tlip flop (1C7/1,2).
pulse generators for the resel and
strobe outputs (1C6/4. 1C7/3.4). a
voltage reference {ZD1 und constunt
current source Q). and (last
month's) digital display module.

The 3 kHz vutput of the oscillator,
which runs continugus is
connected directly to the clock input
of . the display module and the
conversion proceeds as follows. Flip
Flop IC7/2, drives 1C3 such that it
selects cither the input voliuge via
R12 or the reference voltage via R13.
The state of the flip flop is
determined by the output statc of
the comparator [C3 {output high
selects input voltage) and the
overflow ontput from the display
module (overflow selects reference
voitage). Lf the input voltuge is
selected the output of the integrator
will fall at 4 rate dependant on the
input voltage, and, it the reference
voltage is selected the input voltige
will rise at a constant rate.

When the integrator output riscs
above 5.1 volts the comparator
output goes high ciusing the output
of 1C6/4 10 ro tow (us pin 5 of 1C6/4
is also high). Afier about 10 piseconds
delay, due to RI6 und C7. the
tlip-tlop changes state und the output
of 1€6/4 voes high again Thus a pulse
I8 generated  which is used as the
strobe o transter whitever number is
in the decade counters into the store,
and bence. 1o the display. The strobe
pulse also Triggers 3 15 microsevond
monostable, 1C7/3, the outpat of
which is deluved by 10 microseconds
and inverted by IC7/4. This new
pulse acts as a reset pulse tor the
counters serting them to zero.

As the tlip flop has now reverted to
its originul state the input voltage 1s
reselected und  the ntegrator
commences to  ramp down again
1epeating the cvele. 3

Whilst the input voltage is selected
clock pulses are rcated mto the
counter and after sbout 200
milliseconds (1000 clock pulses euch
0.2 mS) the counter will be full. The
overflow thus generated from the
display chunges the stte of the flip
flop und the reference voltuge s

Number of digits
Overrange

Dual polarity

MEASURED PERFORMANCE OF PROTOTYPE

3

250% {no indication on first digit)

No

Ranges
Accuracy
Linearity
Power supply
Input impedance

Overrange Protection
1 V range
10 V range
100 V range
100 V range

Reference

selected. The voltage across  the
integrator €referenced to 5.1 volts) at
this instant will be proportional 1o
the input voltage. With the reference
supply connected the output of the
integrator will rise ut a predetermined
rate and on crosing the 5.1 volt
reference kevel the strobe and reset
pubses are eencrated. the flip flop
1ouvled and the provess started again.

The time iaken to bring the
integrutor back to the reference level
is proportional to the input voltage
and hence tie number n the decade
counter ot that instant is the required
reading ot input voltage.

The only components which are
required 10 have good stability. if
accuracy is to be maintained. ure
R12. R13 and Z£D1. All other
compuonents. provided their
shor-term stbility is good, «an by
slmest any tolerance. he integrator
capavitor., Tor example, cun huve any
value between 0.5 nricrofarad and 2.0
microfurads without atfecting
aecieracy. However variations in the
value of this copacitor will atfect the
over-ange  capability.  The  clock
frequency may likewise be altered
withour affecting accuracy however,
if the time of 1000 clock pulses is
multiple of 20 milliscconds  the
voltmeter will sutomatically reject S0
Hz ripple on the voltywe being
measured.  This however was  not
considered  of great enough
importance to warrant special
adjustnment of the <lock frequency
whichis presct by R15 and C4.

The reference supply 1s a 3.1 voht
cener diode and a FET connected as
4 constant current source. The 5.1
volts is used as the common and

ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1975

2500 v * R12

1, 10; 100 and 1000 V dc

As adjusted

+1 digit

9.15 V dc at 120 mA isolated

100 k/V

100 v limited by power
500 V dissipation and

500 V voltage rating of
* input switch permitting

5.1 volt zener at constant current.

hence. the 12 volt supply for the
voltmeter must be left tloating und
must not be connected to ground or
to any other equipment.

Due to the simplicity of the circuit
there are some  features of the
instrument which ure not desirable
but do not wreatly affect  the
operation of the instrument. Lirstly
there is no over-runge indicition and
thus if 15 volis is applied to the 10
volt runge the imatrument will read 3
volix. Fhe unil remains accurate
(except for the tirst digit which iy
Iost) until the integrator Jlps on its
nemative swing (about 250°° of tull
scule). The other point is that it the
input  voliage i at the
comparator, LCS. will remwn high
and no further strobe or reset pulses
will be senerated. The effect of this s
to freeze the display at the Rast
number.  This not normally u
problemn as the display goes to zero it
the input 18 disconnec

CONSTRUCTION
The display-counter module ETI

533 should be built first using the

instruction given on page 16.

Two additional boards are required
to complete the voltmeter and the
overlays and interconnections are
given in Fig. 3. Check that all
components, especially the metal case
ICs are orientated correctly.

The interconnection wires should
be long encugh to allow the boards to
fold together as shown above. The
lower- board ET! 533A has the
components uppermost, the middle
board ETl 117A has'the components
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Fig. 1. Circuit diagram of the dual-slope analogue to digital
converter. This circuit is used together with the ETI 533

display to make the complute voltmater.
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The CA3130 is being stocked by
Marshall’s for this project. The
inclusive price for two devices

is £1.70.

downwards while the top board ETI
117B again has the components
uppermost. It may be necessary to
juggle the components slightly on the
lower two boards to allow them to fit
together closely enough, These two
boards are spaced apart with 12mm
long spacers whiie the upper two
boards are separated by 6mm insulated
spacers. A piece of insulation material
should be fitted between the top two
boards to prevent the solder joints
touching.

Power, 8-15 volts dc, is supplied to
the lower board while the input
connects to the upper board.

The unit can be either installed in a
suitable box or within a piece of
equipment. If range switches are
required simply change the value of
R12 as per Table 1.

CALIBRATION

Unfortunately to calibrate any.

voltmeter a known voltage reference.

OVERFLOW

or an accurate voltmeter is required
for comparison. Two adjustments are
provided, one for calibration and the
other to compensate for the offset in
the integrator IC. For input voltages of

10 V or more the offset potentiometer
is not required as the error is within
one_digit.

This offset potentiometer should be
adjusted first by applying a voltage of
about one per cent (10 digits) of full
scale and adjusting RV2 to give the
correct © reading. The calibration
potentiometer RV1 can now be
adjusted by applying an accurately.
known voltage near full scale.

The meter has a large overrange and.
voltages up to 250 per cent of full:
scale can be measured except that the’
first digit is lost and must be assumed,
ie, if you are measuring a car battery
on a 10 V range and it reads 3.52 V it
is obviously 13.62 V.
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*RV2 ONLY REQUIRED FOR
1V SENSITIVITY

PIN 14 OF IC3, 6 AND 7 IS +12V
PIN 7 OF IC3, 6 AND 7 IS OV
POWER SUPPLY MUST

BE FLOATING WITH

RESPECT TO VOLTAGE

BEING MEASURED
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Jointhe Digital Revolution

Teach yourself the
|atest techniques of
digital electronics

Computers and calculators are only the beginning of the

digital revolution in electronics. Telephones, wristwatches,

TV, automobile instrumentation — these will be just
some of the application areas in the next few years.

Are you prepared t0 cope with these developments?

This: four volume course — each volume measuring
113" x 81" and containing 40 pages— guides you
step-by-step with hundreds of diagrams and questions
through number systems, Boolean algebra, truth tables,
de Morgan's theorem, fhpflops. registers, counters and
adders. All from first principles. The only initial ability
assumed is simple arithmetic.

At the end of the course you will have broadened your
horizons, career prospects and your fundamental under—
standlng of the changing world around you.

Also available — a more
advanced course in §
volumes:

Design of
Digital Systems

e e 1

Book 1 i
Aruind b

. Computer Arithmetic
. Bootean Logic
Arithmetic Circuits
Memories & Counters

Calculator Design

I

Computer Architecture

Offer.Order this together

with Digital Computer Logic &
Electronics for the bargain

price of £9.25, plus 50p p&p.

£5 95" plus 50p.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course. Digital
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 mare advanced topics.

Designer  These courses were written so that you could teach
Manager yourself the theory and application of digital logic.

3 Learning by self-instruction has the advantages of
Enthusiast being quicker and more thorcugh than classroom
Scientist learning. You work at your own speed and must
Engineer -respond by answering questions on each new piece

of information before proceeding to the next.

Student

Guarantee — no risk to you

If you are not entirely satisfied with Digital
Computer Logic and Electronics or Design of Digital
Systems, you may return them to us and your
money will be refunded in full, no questions asked.
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Digital Computer
Logic and
Electronics

A Self-instructional Course :

Book 1

Basic
computer
logic

elements

Book 2 Looeg

Designing circuits
to carry out

Book 3
logical functions
Book h e

registers

£3.95

plus 50p packing and
surface mail anywhere
in the world.

Electronics

Py
ren]
Quantity discodnts
available on request.

Payment may be made
in foreign currencies.

VAT zero rated.

To: Cambridge Learning Enterprises,
FREEPOST, St. lwves, Huntingdon.
PE17 4BR.

‘Please send me . . . set{s) of Digital Computer Logic
& Electronics at £4.45 each, p&p included

. set(s).of Design of Digital Systems at £6.45
each, p&p included
“or . . . combined set(s) at £9.75 each, p&p included

Cambs.

Name .

Address

“delete as apphcable 1
No need 10 use 3 stamp — just print FREEPOST on the envelope.



TAPE BIAS

What doesitreally mean? . ...

THE INCREASING popularity of tape
recorders as a high-fidelity programme
source is not difficult to understand.

Unlike other programme sources, such
as FM radio and gramophone records,
tape offers the audio enthusiast the
sense of involvement that makes the
hobby all the more worthwhile. In
addition, today's open-reel tape decks
have performance which is often
indistinguishable from that afforded
by professional studio tape recorders,
and the once looked down wupon
cassette deck has been transformed
from a portable ‘‘dictating machine”
to a high-ficelity component.

With such a wide interest in tape and
tape recording, it is surprising how
little most users of these products
know about their operation. Unlike
purely electronic products, such as
amplifiers, tuners or receivers, tape
decks involve an inter-relation of
mechanical, magnetic and electronic
systems.

Today, most audiophiles have a fairly
clear understanding of what record
equalizaticn is all about. In essence the

bass is attenuated and treble
accentuated during recording — the
opposite takes place during

reproduction. The overall effect is to
reduce groove amplitude and increase
record playing time. It also improves
signal/noise ratio. The record industry
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Fig. 1. Standard RIAA playback curve used
for phono disc reproduction.
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Fig. 2. Typical tape playback head output
with constant-level signal recorded on tape.
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have an agreed standard for
equalisation. This is called the RIAA
curve (Fig. 1).. The amplifier or
preamplifier spec sheet has drummed
home the idea that the closer an audio
preamp adheres to the RIAA playback
curve, {shown in Fig. 1}, the better the
product.

Equalization is also required for tape
recording. But there is no one standard
here, each tape requires different
equalization for optimum results. Why
should this be so? Why cannot the

industry ‘‘get together on a single,

standard  equalization” for _ tape
recording and playback. Why, in fact,
are better recorders (both open-reel
and cassette) equipped with multiple
equalization settings? And what about
those multiple bias settings on some of
those same recorders?

EQUALIZATION

To begin with, a tape recorder does
not reproduce signals with.- a flat
frequency response. A tape playback
head, being sensitive to the rate of
change of a-magnetic field, produces a
greater output as frequencies increase.
(At higher frequencies, alternations of
magnetic field become more rapid).
Thus the output voltage increases with
frequency as illustrated in Fig 2.
Eventu ally, the level ceases to increase
with frequency and, in fact, begins to
drop off fairly rapidly.

Two factors are responsible for this
drop off. As the frequency to be
recorded . increases, the wavelength
decreases. in addition, as magnetic
variations increase in intensity, a point
is reached where the tape begins to be
saturated — it cannot accept greater
and greater amounts of magnetization
— and level begins to drop. The second
of these factors is, to some degree,
governed by the formulation of the
tape itself, while the first is governed
primarily by tape speed and the gap
length of the tape head. Figure 3
illustrates how the linearly increasing
voltage output varies with popular
tape speeds for a given tape head gap
(4 microns), while Fig, 4 shows how
linear output can be extended to
higher frequencies &t a given tape
speed by decreasing the tape head gap.

Obviously, none of the curves of
Figs, 2, 3 or 4 would be acceptable for
high-fidelity reproduction. The process
used to restore ““flat’” response in tape
recording and playback is called

' equalization.

VOLTAGE QUTPUT

Equalization can be
applied both during the record
operation and during playback.
Referring again to Fig. 2, if during
playback the response curve of Fig. 5
is wused, the resulting overall
record/playback response will be as
shown in Fig. 6. Note that there is still
some roll-off at lew and high
frequencies.

RECORD EQUALIZATION

In order to realize optimum
high-frequency response, equalization
is used in the record process, too.
Record equalization can offset
high-frequency roll-off to some degree,
but if too much high-frequency
pre-emphasis is used, the tape will
become saturated at lower nominal
recording levels and distortion and
roll-off will occur anyway. Playback
equalization can in theory, be used to
extend high-frequency response but if
highs are boosted too much during
playback, increased tape hiss will be
heard. The record and playback curves
must therefore strike a balance to
minimize problems of each.
work,

T

In professional recording
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Fig. 3 Linear increase in output voltage
extends to higher frequencies at increased
tape speed.
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Fig. 4. Reducing playback head gap while

maintaining constant tape speed will extend
the high-frequency response.
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standards of record and playback
equalization were developed by the
US. NAB (National Association of
Broadcasters) and the German
Standards organization known as DIN.
These standardized curves are plotted
in Fig. 7. The DIN or CCIR curves
tend to strive for higher frequency
response. By using a bit less record
equalization, tape saturation is not
reached as soon. But this requires
more playback equalization which
results in higher tape hiss.

In the - consumer audic field,
manufacturers often change their
equalization curves to offer “extended
response”” which seems to be the sole
criterion by which many audiophiles
judge tape deck performance. With a
given tape speed and a given head gap,

however, such ‘“‘improvements” are
invariably accompanied by either
reduced level of recordings or

increased tape hiss or combinations of
both.

In generat, frequency response curves
for tape equipment are plotted not at
0 dB level on the record level meters
but at a level of —10 dB or even —20
dB in the case of open-reel machines
and at —20 d8 or even —30 dB in the
case of slower-speed cassette decks
{(which require greater high-frequency
boosting during  recording to
compensate for reduced tape speed.)

Some years ago, the industry
introduced chromium dioxide tape. It

delivers somewhat higher frequency.

before saturation drop-off occurs. This
characteristic  produces a  slight
increase in high-frequency response or
for improved signal-to-noise ratio
{reduced tape hiss) or a combination
of both.

Today, there are a great many
different tape formulations, each of
which requires a different record and
playback egualization. Multiple switch
positions are provided on many
open-reel and cassette decks which
adjust equalization to suit the various
popular - formulations. Actually,
professional  machines  used in
recording studios are often adjusted to
work best with one and only one
brand and type of recording tape.
Conscientious studio engineers may
even re-calibrate or adjust equalization
when different production batches of
the same brand and type of tape are
used. The very least that a home user
can do to ensure optimum results with
an open-reel recorder or better cassette
unit is to follow the manufacturer’s
recommended equalization settings for
the type of tape being used, Most
owner’s manuals list a variety of tapes
and their appropriate settings for
machines equipped with more than
cne equalization switch position.

BIAS

Assuming that both recording and
playback equalization have been
optimized with respect to each other
in a given recorder, one would expect
that the magnetic pattern recorded.on

———n

the tape will now correspond exactly
to the strength of ‘magnetic fields
generated by the record head.
Unfortunately, magnetic tape is
basically - a non-linear medium. The:
magnetic pattern left on the tape is

not always proportional to the
instantaneous current in the recording
head. The greatest amount of

non-linearity occurs as the audio
waveform passes through the zero axis,
as shown diagramatically in Fig. 8.
Hysteresis effect, a sort of magnetic
inertia, acts upon the particle as
magnetization begins. After this initial
reaction, the particle responds linearly
to the applied field. If pothing were
done to offset this effect, a sine wave
recorded onto tape as shown in Fig. 8a
would take on the appearance of Fig.
8b when played back. Obviously, this
is a form of distortion and, what is
worse, it is a very annoying form of
distortion containing high order
harmonics, Furthermore, it is a-form
of distortion that actually is more
disturbing at low recording levels than
at high signal levels, since the
distortion components remain
constant and therefore constitute a
higher percentage of the total signal at
lower recording levels.

High-frequency bias current is used
in all modern recorders to overcome
this problem.:  Generally, this
super-audible frequency should be at
least four times the frequency of the
highest audio signal to be recorded,

+40 - 1 Fig. 5. Typical playback equalization in
+36- ha \ | tape deck preamp circuitry. -
+30
+25 N ] ' +
+20 u ——— s
+15}- \\ ‘ Fig. 8. Distortion caused by non-linear === e e
+10 ] magnetization characteristics of tape is 1
+5 similar to crossover distortion encountered ! | v
0 E ik / Al i in improperly biased Class 8 audio - 'I
10 100 K WK - 100k Emelitiers ; [ \ﬁ
b FREQUENCY-Hz e ==
+40 g S = ; 3 ! RECORDED
Fig. 6. Combining recording response (Fig.2) : MAGNETIZATION
+35 1~ with equalized playback response (Fig.5) ; ON TAPE
1
+30 1 results in overall record/play response ; 1
*251 N I8, RECORDING HEAD
+20 \\ CURRENT
+15 1 = ‘ | ol
+10 Fig. 9. Combining high-frequency bias with r SeasEITE
+5 desired audio signals during recording t / S P
0 Ll il LLLILL shifts audio magnetization of tape to its [ tat
10 100 1K 10K 100K  linear undistarted region.
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T TTHA TTT1TITH Fig. 7. Record and playback equalization e N
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| 11118 A
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TAPE BIAS

but open-reel recorders will often
employ bias frequencies of the order
of 100 kHz to 125 kHz while modern
high-quality  cassette  units  use
frequencies in the range from about 80
kHz to 105 kHz.

The combined,action of the desired
audio signal and inaudibie bias signal
can best be understood by referring to
Fig. 9. The bias current magnetizes the
oxide particles through the non-linear
segment of the curve. Then the audio
signal  actually demagnetizes the

4
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w
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4
3

BIAS LEVEL

. Fig. 10. Increasing bias level reduces dis-

tortion, but overbiasing will reduce high-
fraquency response.

particles to a level which s
proportional to the signal.

Bias level changes will affect
distortion level. Generally, as bias level
is increased (starting from no bias)
distortion will decrease rapidly at first.
With further increase of bias level,
distortion decreases more siowly. If
bias is increased much beyond this
desired point, high-frequency response
wili get poorer. Ideally, bias should be
set as high as possible without causing
severe high-frequency losses in the
recorded tape. The action of bias in
relation to distortion and high
frequency response is shown in the
general curves of Fjg. 10.

Audiophiles who learn of bias for the
first time often wonder why the
high-frequency bias signal is not
recovered as part of the playback
signal. In fact, the bias signal does
record a series of magnetic fields of its
own, but their wavelength is so short
that no playback head, however
narrow its gap, can significantly
response to these high frequencies.
Some small high-frequency energy is
picked up by the playback head
{however many dB down it may be
compared to desired audio signals) and
is one of the reasons why higher than
necessary frequencies are now used for
bias.

Much home recordina _is_done of

stereo FM programmes and stereo
composite signals contain varying
amounts of 38 kHz signals in their
output. If, for example, 45 kHz were
used as a bias frequency in tape decks,
a distinct 7 kHz “whistle’” might be
heard when playing back such
recorded stereo FM programmes,
resulting from the beat or difference
between the two otherwise inaudible
high-frequency signals.

Since oxide formulations vary greatly
from one tape type to another, each
requires a different bias tevel. For this
reason, home tape recorders now come
equipped with separate bias switches
to match the various bias requirements
of different tapes. In the case of
professional machines, bias adjustment
is usually continuously variable and
professionals will often apply a slight
amount of excess bias. This practice
can reduce recording drop outs that
sometimes occur’ because of poor or
non-uniform dispersion of oxide
particles on the tape surface. Again,
the professional recording engineer
will often choose a slight reduction of
high-frequency response if that choice
means reduced overall distortion and
the elimination of other bias related

problems.

Reproduced by arrangement from
Radin Flectronic’'s Mav 1975*

ORDER NOW

TO ELECTROMICS DESIGN ASSOCIATES DEPT ETI 10
82 Bush Street Waksall WS1 I0E. Phoae 33652,

FROM - Nawss

Addruss..

SPARKRITE MK 2 Q1Y Assornity kits # £10.93
SPARKRITE MK 2 Rescy Built Megathva sarth @ £12.08 -
SPARKAITE MK 2 Raody Bk Positivs sarth # 1385
Fplmd\mpmm ef£2.70
l!ﬂ.hﬂmuhm-ﬁ:a {242

| sncinag chegun/P.03 for £
G Ko

13end SAE H brochers awy roquired)
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The tried, tested, proven, reliable, complete, *?é&

111'E-

professional, capacitive dlscharge,

Electronic Ignition Rit

Sparkrite MK2 is a high narformance. high quslity, capaci-
e discharge, electronic ignitian system.

Recause of lhc superb design of the Sparkiite Circuit it
~ of the contact brepker.
There is ne misfire because contacr breaker bounce is eli-
rainated etectronically by 8 pulse suppressioh circuit which
prevents the unit firing if the points bounce open at high
R.P.M. Enntact breaker burn is aliminated by reducing the
<urrent to about 150t of the norm. It will perform equally
wel! with néw old. o cven badly pitted points and is nor
depandent upon the dwell time of the coniact breakers
for recharging the system. Sparkrite incarporates a short cir-
Cuit protacted inverter which e[umrnatcs the pmbuems of
SCR fock on and there the of
blowing the transistors ar me SCR (Many capacitive dis-
charge igniti are nat in this re-
spect.)

Sparkrite can ther=fore give you:—

up 1o 70% better fuel Consumption. instant all weather
starting clcaner plugs - they last up to 5 times longer
without atrention faster acceleration, higher top speeds,
langes conl and batiery life. efficient fugl burming and less
A polluron. smoother running continual peak perfos
mange

THE KT-COMPRISES EVERYTHING NEEDED

Ready drilledt pressed steel case coatad in malt black epoxy
resin, ready drilied base and nearsink. top guality 5 year

guaranteed ransformar and components. cabies. codl can-’
nectors, printed circuit dodrd. nuls, bolts. siicon grease.
full instructions o make the kif negative or positive sarth.
and 10 page installation instructions.

OPTIONAL EXTRAS

£lervranic R.P.M._ imitation.

This can be included in the unif 19 revent Guer feveag.
an advaniage to most companies, hire fgms 'mgh purior

mance drivers etc.

Elertronic/ conventional ignition savitch. -

Gives instant changeover from “Spaiknte’ (210N €0 <OF

x2nlional ignition 1Ge performancs cmnpansoNs. S1atic im

ing ete., and will also swirch t~- ianiusn off oempletely
as a secunty device. Includes. swiich sor PECIOTs. .ounting
brackst and Instructions. Cables rattusted.

PRICES

‘DAY assembly kit £10.93 inc! V.AT. post and packing

Ready bult unit £13 B8 mcl VAT post and gacking
{Borh 1o fit all vahiclas with coildistributor ignition up to
8 cylinders )

Switch for istant changeower fro 2 Spadkrite igaition to
snoventonal ignition £2 79 incl. VAT, post and packing
TP M limiting controt £2 42 mel. VAT post and pack:ng
{Fiterd s case on ready built unit. dashbosrd mounting
an kit |

CALLERS WELCOME
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'-"-?-Igﬁ?ihg Hand is being organised by
ET! with the complete co-cperation of
the Royal National Institute for the
Deaf. We hope that al! types of readers
will enter - individuals, schools, nolleges,
apprentice groups and even companies.
Although the problems are challenging,
we feel that the ingenuity of ETI
readers will probably come up with at
least one solution which will make life
more secure or easy for the deaf.

Helbin'ngand is to find solutions to
three specific problems. There are
three prizes, one for the best solution
in each category. This will be a specially
designed engraved trophy. The main
prize winner will be the RNID however.
At the close of the competition, ETI
will hand over the prize winning ideas
to the RN3D together with a cheque
for £250 to help with the cost of
developing the idea into production.
There is a £1.00 entrance charge and
all money received in this manner will
also be passed onto the RNID for the
same purpose.

F to ite

L;H":Ie'broblel"ns, listed here, are put
in very general terms. We do not wish
to place any restrictions on how these
problems are to be solved - the solution
will probably be electronic, but need
not be. Solutions do already exist for
these problems but high cost and
impracticality lead us to believe that
better solutions, or inexpensive ones
can be found.

Helping Hand is open until March
31st 1976 but entrants are asked to
send in their entries before that date if
possible

A fair amount of background ‘
information has been prepared by ET}
and the RN!D , readers intending to
enter are asked to send a large stamped
self-addressed envelope for this and
the entry form. This should be sent to
Helping Hand, Electronics Today
International, 36 Ebury Street,
London, SW1W OLW.

An entrance fee of £1.00 is being
made: the cheques or postal orders
for this shou!d be made payabie to the
Royal National Institute for the Deaf,
not ETI.

The judging will be carried out by
representatives from the RN1D and
ETI, details will be published nearer /
the closing date

'1, There are no restrictions on who
enters; individuals, groups, clubs,
colleges, schools and companies are
eligible.

2- The ideas need not be new but
should not already have been declined
as impractical.

3 Entrants may submit patented
designs or may apply for patents before
submission. It is, however, a condition
of entry that any patented design is
made available to the RNID free of
royalty and entrants will be asked to
declare this on their entry form.

4 The judges reserve the right to award
the prizes to the three best entries,
irrespective of category, if entries for
other categories are not considered
worthy.

5 All entries should reach ETI by 31st
March 1976, accompanied by £1.00
{payable to the RNID) and a
completed entry form.

6 ETI reserve the right to publish
details of any entry after the closing
date.
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Fig. 1. Internal view of the INTERNATIONAL-25

THE INTERNATIONAL-25 is a twenty-five watt per channel, high qu

-
13y 238w
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MEAS.URED PERFORMANCE OF THE INTERNATIONAL 25

POWER OUTPUT

Phono (10 mV)
Other inputs

Phono
Other inputs

Power

12.5W

20w

25W

Bass

Treble

§ DIMENSIONS

FREQUENCY RESPONSE +0
—05dB 15Hz—30kHz
+0
3dB 6 Hz — 80 kHz

CHANNEL SEPARATION

HUM AND NOISE
{with respect to 25\/)

INPUT SENSITIVITY

j TOTAL HARMONIC DISTORTION

l TONE CONTROLS

e S=r WERL AL L =1
ality audio amplifier which is so easy

25 + 25 watts into 8 ohms

1 kHz — 46 dB

67 dB (unweighted)
68 dB (unweighted)

25mV 47k
200 mV 47k
Frequency One channel Both channels
100 Hz 0.1% 0.13%
1 kHz 0.08% 0.16%
10 kHz 0.12% 0.17%

100 Hz 0.14% 0.5%
1 kHz 0.12% 0.6%
10 kHz 0.17% 0.8%

100 Hz
1 kHz
10 kHz

0.5%
0.6%
0.7%

12 dB boost at 50 Hz
12 dB cut at 50 Hz
9 dB boost at 10 kHz
9dB cut at 10 kHz

340 x 88 x 210-mm

to build that it is likely to set a standard for the amateur constructor which will remain unbeaten for years
to come. ETI’s top design team used some of the latest devices on the market to achieve this breakthrough.

WHEN  designing  this  amplifier
considerable effort was made to
achieve several, generally

incompatible, aims. These were to
design an amplifier that gave high
performance, was simple enough for
the beginner to build BUT, was low in
cost.

Since a high percentage of the cost of
an amplifier is in the hardware, (e.g.
chassis, potentiometers, switches etc})

26

and this cost does not vary greatly
relative .to amplifier power output, we
aimed at the highest possible power
for reasonable cost. Thus the amplifier
gives 25 watts RMS per channel which

is about as much as can be obtained
without component costs increasing
dramatically.

To gain the required simplicity we
used a single printed circuit board, to
held as much as possible of the

electronics, thus keeping external
wiring down to a minimum.

The result is a 25 watt-per-channel
amplifier which is extremely easy to
build and set” up, which has a
distortion of around 0.1% and costs
about the same as a 12 watt per
channel kit at present on the
market that is much more difficult to
build. .
The single printed-circuit board

ELECTRONICS TODAY INTERNATIONAL—OCTORER 1975




SIERED

AMPLIFIER

INTERNATIONAL#25

TRESLE

. COMPONENT SUPPLY
Some of the components used
in this amplifier are so new that D1-D5
most of the local component 1N4001
shops won’t have them. In fact T
they probably will have never 240V/40VCT.
heard of some of them. T Wt
We have, however, made L r'
arrangements  with  Doram |
Electronics for the supply of %‘;?Qﬁ?i.c ] T
components used in the amp. 0——0)’. 2 f A6V ==4uf
Doram also can supply the case, N 033?3? 2 8.2v c39 25V Ao
the metal work, the pch, etc. 630V I ‘ 400 Y, =
A complete kit of parts is | o - LED 1
available for £29.95 (plus £4.05 =] 2500 re %2 Z
VAT) including P and P from = 35v —82v
DORAM ELECTRONICS LTD, - ' o
P.0O. Box TR8, Wellington Road >R77
Industrial Estate, Wellington ?&oﬂ
Bridge, Leeds, LS12 2UF. == o ; —28V
AN
==
construction greatly simplifies things T =
for the beginner. A heatsink is ' ’/r .
attached to the rear of the board to |
hold the power transistors, and a B
bracket at the front holds the "f_ '
potentiometers. Before attaching these - = =
brackets assemble the components to i laid X
the printed circuit board according to | g
the component overlay, which we will \3}\ |
print next month. ] ]
In this first part we give you the 1 J
circuit, pcb design and parts list so that [ :4
you can get the components together. 1 =
However we do not recommend you L
to start building until you have read FRECUENCY  HEWTZ
the final part of the article next Fig. 3. Tone control characteristics.
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' I " I EH “ A I l o " AL Main text continues on page 30 ...
| Fig. 5. PCB design for the INTERNATIONAL-25.

|

Ia) <
8¢

ELECTRONICS TODAY INTERNATIONAL—-OCTOBER 1975




HOW IT WORKS —
INTERNATIONAL.25

PREAMPLIFIER

In the preamplifier we have used
two TCA220 integrated circuits each
of which contain three identical
operational amplifiers. These work
similarly to the conventional op amp
like the 709, 741 or 301 except the

output is an emitter follower and .

needs a pull down resistor.
Fig. 1. for those interested.
Frequency compensation is
accomplished by a 390 ohm resistor
in series with a 330 pF capacitor
connected to the appropriate
terminal. The maximum voltage
allowed on this IC is 18V. Since the
output swing in the positive direction
is less than that in the ncgative
direction we have used +10V and
—6.6V supplies. :
The magnetic pickup used on most
- good tumtables has a low output and
alsc needs equalization to perform
correctly. We used part of the TCA
220 (ICI-1 and ICI-2) to amplify this
signal (about 60 times or 35 dB at |
kHz) and to provide the equalization
required (+13 dB at 100 Hz and —14
dB at 10 kHz referred to the gain at 1
kHz). The output of this amplifying
stage connects to the switch SWI1
which selects the desired input. The
signal from the cartridge is amplified
before the selector switch to improve
the signal-to-ncise ratio.

After the selector switch we have
the balance control (RV1) which at-
tenuates either left or right channel as
desired. The signal is then amplified,
by a factor of two, to recover what is
lost in the balancecontrol network
and also to buffer the signal to give a
low_ impedance output. The output
drives the tone-control network and
also the tape-output sockets.

The tonecontrel section uses the
last sections of the TCA220 (IC2/2,
1C2/3) with the bass and treble
controls in the feedback network.
These controls provide about 10 dB
of boost and cut of both bass and
treble. Resistors R27 and R33 set the
limit of the treble boost and cut,
while C21 controls the actual
frequency where the treblc control
starts. Resistors R29 and R35 control
the bass limits while C19 sets the
frequency. The output of the stage is
connected to the volume<ontrol
potcntiometer RV4.

POWER AMPLIFIER

The power amplifier is of
conventional  design  using a
differential pair Q1 and Q3 followed
by a common-emitter amplifier stage,
Q5, working at a constant current (5
mA) supplied by Q11 and Q13. The
output of Q5 is buffered by the
output transistors Q15 and Q17.
These are darlington transistors and
have a current gain (Hfe) of over 750
at 3A. These transistors are biased

on slightly (10 mA) to remave
cross-over distortion and the bias is
set by measuring the voltage across
R63 or 73 (3V) while adjusting RVS.
After bias adjustment is completed
these resistors are shorted out 1o
allow full power  capability.
Transistors Q7 and Q9 are physically
Jjoined onto Q15 and Q17 to provide
accurate temperature indication and
to ensure thermal stability.

The gain of the power amplifier
stage is 100 and is set by the ratio of
R55/R51. The earth reference for the
power-amplifier input stage is
supplied via the <coax cables
connecting to the preamplifier.

POWER SUPPLY

The power supply is a full wave
rectifier with a  centre-tapped
transformer supplying * 28V to the
main amplifiers. The supplics for the
preamplifier are obtained from a 10
V zener ZD2 and a 8.2V zener ZD1.
The actual negative supply to the
preamplifier comes via the LED on
thc front panel and is about —6.6
volts (1.6V across LED).. A smooth
—5V is also derived from the —8.2V
and is used for the differential pair in
the main amplifier.

The relay RLA is used to prevent
the switch on transient reaching the
speakers. After switch on there is a
delay due to C38 of about 4 seconds
before the speakers are connected.
On switch off the delay is only about
1 second.

PARTS LIST RbSar s i GBI IR L1,2 Choke 25 Turns 0.4mm

RES, 66 Resistor 10 ww 5% 3330 D WREOS R 35 e oW
gg;.ﬁﬂ . 1 e 2 R17.18 5 330k " Resistor

.70 4 1 ¥ i R23.2a ”» 330k " "
g;é.gg & %o R D1 — D5 Dicde 1N4GO1 or similar

g RV1 Potentiometer 220k Iin single e 13918
ggigz :' }og :: :: ] gang rotary 1
Reiles e i o R2 o snga ZD1 Zener Dicde 8.2V, 400mW
R80,81 0 2208l1w  » RV3 " 100K Jia Hual ZD2 -Zener Diode 10V, 400mW

‘64 " 3308F vaw v gang rotary Q1,2,3  Transistor BC108

RV4 Z 10k log dual @4,13,14,19 i or ZTX108

R73,74 i 3305 B gang rotary Q7.8,9,10 = v
3%263271 e ! ggg i z RV5,6 o 100k trim pot 8{:.1612 s ggig?

L] 1 1

78 & 470f 1w " ’ ; *Q15 16 n
R45,46 " 8207 W o C31,32 CaDacntor' 47pF ceramic *Q17,18 " Sggggf{ g: S

W A Gl ’ 330pF ™ *insulation washers neegad

R33:49.41 : i s €16,23,24 b 330pF :
R£7'4g: X e i - 2132 " S60pF v IC1,2 Integrated Circuit TCA220

; " A B €29,30 7 560pF
R7 825 Yy Al ? RLA Relay 2c/o contacts 125082 coil

kG c7.3 " 0.015UF polyester 1 Transformer 40V cT @ 2A
R27.28 R e y - 19,20 " 0.022 " SWI1 Switch Rotary 2 pole 4 position
pates - 5 i 5 Cc35 " 0.035 630 V SW2 Switch miniature toagle 240V

iy - 6k & = c3.10 ”" 0.0560F polyester Stereo Phone Socket
g%é':le{z) = 18& " " c1,2 T 0.15, e ;szg gsf«ifayo?rr\llono :o;:kets

v - : I n sockets
R29,30 2 et ‘é{é%%“é o 0.15uF - agg$ss|’sNK

" " L) A A ” 4_7 .
223:22 " TIE R c25.26.57 17 4.7[F $5V ©° “boT SUPRORT BRAC KET
R55,56 o 33k 2 U Cc28,40,41 Lk 4,7&1): 25y ' COVER
R1,2,9,10 » a7 e c3,4,33 T 100pF 16V 3 small Knobs — 2.
R31,32,7¢ 0! S PO BT s large knobs — 4rubber fast — 2
£34,38,39 . loogF 16y 9.6mm spacers — 3 core flex & plug

R13,14 48 56k - " C36,37 J 2500UF 35V " rubber grommets.

Readers may have difficulty in
obtaining the triple op-amp, TCA220.
This has been ordered from Mullard
by Doram (see the box on page 27)

e and any component supply problems
month. Transistors Q7 and Q9 are should be referred to them.
glued to the power transistors to

ensure thermal stability. To be continued next month.
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& Tl §
‘Patience, you haven’t a leg to stand on till Egor gets hold of that
copy of ETI | missed!’ ¥

Take outasubscription this menth and you could get your money back. All you
have to do is write an amusing caption for the cartoon above - it must relate to
ET! and be decent {we thought of several very funny but dubious ones our-
selvest), If your entry is the best we will send your money back!

You can also ensure a regular copy of ET! by placing an order with your
newsagent.

SUBSCRIPTIONS DEPARTMENT,

ETI MAGAZINE,

36 Ebury Street,

London SW1TW OLW. 3 3

|

|

1

|

|

I |enclose £5.00 (£5.50 overseas) for the next twelve copies of ETL.
:Name
1 Address . .

|

: Mycaptionforthecartoonis: e o R e e e e S S R
|

|

|

Comp;atitior; closes 31st October 1975.

Wilmslow
Audio

THE firm

for
speakers!.

Baker Group 25, 3. B. or 15 ohm

Baker Group 35. 3’ Bor 15chm . . . £10.25
Baker Celuxe, 8 or 15 ohm . . £13.76
Baker Major, 3. 8 or 15 ohm. £11.87
Baker Regent, Bor 1650hm. .. .. .. - .- £10.00
Baker Superb, 8or 150hm ... ..o - £18.12
Celestion PSTE (for Urifex}. . .. ... .. .... £3.395
Celestion MH 1000 horn. 8 or 150hm . .. €1 0.58
EMI13 x B, 150d/c, 8ohm. . ...~ £2.94
EMI 13 X 8. 350, B or 15 ofim ENED56
EMI 13 X 20 wattbass . .......-- £7.69
EMI 2% tweeter8ohm ... .. ... .. ... £0.77
EMI 8 X 5. 10 watt, d/c, roil/s 8 ohm £3.44

Etoc GORM 108 15 ohm. 59RM114 8 ohm £3.48
Elac 6% d/croll/s B ohm W, AT )

Elac T4 4°' tweeter £1.75
Fane Pop 15 wait 12" . £5.26
Fane Pop 25T 12'7 B ohm £7.50
Fan Pop 50 watt 12 8ohm. .. ... .. 5 1

Fane Pop 55 12" 60 wariBohm. . ... . - . 12.95
Fane Pop 60watt 15 8ohm . ... . .- .- JE13.75
Fane Pop 100 watt 187 8ohm .. ... _ £25.98
Fane Crescendo 12Aof B, Bor 150hm - . £34.50
Fane Crescendo 15. 8 or 15 0hm £47.50

Fane Crescendo 18, B or 15 chm o . E£62.95

Fane BOZT 8 d/c. rolls/s, Bor 16 chm .. . £4.62
Fane 8017 8" d/c roll/s 8 ohm =t £8l12)
Goodmans 8P &or 15 ohm. . £5.50
Goodmans 10P 8or 150hm. .. ... .. £5.80
Goodmans 12P8or 15ehm. . ... .. £13.95
Goodmans 12P-D B or 15 ohms £16.95
Goodmans 12P-GB8or 150hms . .. .. £15.95
Goodmans Audiom 200 8 or 15 chm. . £13.90
Goodmans Axtent 100 8 ohm _ T, £8.24
Goodmans Axiom 402 8or 150hm_ . . .. £20.00
Goodmans Twinaxiom 8’ 8 or 15 ohm. £10.14
Goodmans Twinaxiom 10" B or 15 ochm. £10.75
KetT27 .. e e G s o iy = £6.06
KefT15. < SR £6.94
KefB110. .. . - £8.37
Kel 8200. - - £9.50
Ket B139. £16.50
Kef DNE £2.31
Kef ON12 ... £5.75
Kef DN13 . - £3.87
Richard Allan .. £8.08
STC 400 1 G super tweeler £6.56
Fane 7011win nbbonhom . . ... .- . ... - £40.50
Baker Major Moddle, each . £13.44
Goodmans Mezzo Twinkit. paif . £47.19
Goodmans DIN 20. 4 ohm, each . £13.43
Helme XL K25, pair . . - . : £25.44
Helme XIX30. pair . .. ... ... .-.... £17.19
Heime XLKS50, pair . . - . . .- - . £46.25
Kefkit 1. pair . . . £48.44
Kef kit 161 each . 4 S & 24D £42.50
Peeriess 3/15(3 sp. system}each . . o £€17.19
Richard Allan Twinkit, each. £10.37
Richard Allan Triple 8, each .. .. ... - .- £15.94
Richard Alian Triple. each. . . . . . £23.12
Richard Alian Super Triple, each . .. .. - .. - £27.50
Wharfadale Linton 2 kit (pait) . £23.12
Wharfedale Glendale 3 kit. pair £40.62
Wharledale Dovedale 3 kit pair. . . - £63.12
Whartfedale Super 10 RS/ DD £15.00
Castle Super 8 RS /DD . £10.31

INC LUDING VAT AT 25% ON H1-FI, 8% ON PRO
AND PA

Cabinets for PA and Hifi, wadding, Vynair. etc.
Send smmp-for free booklet ““Choosing a Speaker’
FREE with alt orders over £7 — HiF
Loudspeaker Enclosures’” Boolk
Al units are guarantead new and perfect
Prompt despatch

Carmiage: Speakers 38p each, 12" ang up 50p each.

rweeters and crossovers 25p each. kits 75p each
(£1.50 pair).

| WILMSLOW AUDIO

Swan Works, Bank Square, Wilmslow,
Chashire SK2 1HF. Tel. Wilmslow 29598
(Discount HiFt, PA and Raedic at
10 Swan Street, Wilmslow)
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329902

2999

SIGNAL

STEREO
TUNER

INTERNATIONAL F

PART
TWO

This high quality stereo tuner-was designed to match the INTERNATIONAL-25 stereo amp (see page 26).
Last month we gave details of circuit and we now finish the article with some notes on construction and

alignment.

SPECIAL OFFER

INTERNATIONAL-FM SPECIAL OFFER ®

p All the components for the INTERNATIONAL-FM tuner are
available from Ambit International. The regular price for these ®
items is £60+ p&p. Readers using the coupon below, however,
need only send in £40 plus £2.50 p&p. Without the casing and ®
® chassis the offer price is £35 including p&p. Send your order to ®
ETI Offer, Ambit International, 37 High Street, Brentwood,
@ Essex, CM14 4RH.

Offer closes October 31st 1975.

INTERNATIONAL-FM OFFER COUPON

*Please send me a complete kit for the INTERNATIONAL-FM

tuner, | enclose £42.50,

*Please send me the electronic components for the INTERNAT
IONAL-FM tuner, | enclose £35.

*please delete one sentence

VN Zre s ot B NS LR i
DB RIESSHtafetiatn s e 81 S EGiaTe - o L e

Send this coupon to AMBIT INTERNATIONAL, 37 HIGH STREET,
BRENTWOOD, ESSEX, CM14 4RH. Plesse allow 28 days for delivery.
000000000000000000000000000
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THE METAL WORK

The chassis is the same size as the
INTERNATIONAL-25: 335mm x 190
mm x 84mm. We decided to mount
the controls and meters on a support
bracket to-leave the front panel look-
ing neat. In fact the only components
mounted directly onto the front panel
are the frequency meter and the LED,
both of which are push-fit. Figure 1
shows how we cut the front panel.

Because of difficulties in bending
the aluminium and in fixing the com-
ponents we made the support bracket
in two sections. These are bolted
together after the slider pot has been
mounted into the top section (see
photo 2). Figures 3 and 4 give details
of the major cutting reguired in these
sections. Because the meters are
push-fit mounting types it is best to
cut their holes a bit on the small side,

Figure 5 shows how to fix the
cursor onto the slider pot. The cursor
itself is made from 3mm perspex cut
to 50 x 28mm. Any scratches can be
cleaned off with metal polish. The
knob should be removed from the
slider pot and the slider cut back so
that it protrudes 8mm from the slot.
If the cursor and slider are carefully
drilled they can be screwed and glued
together (don’t forget to scribe a line
onto the back of the cursor).
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; STATION SELECTOR HOLES 8mm DIAMETER : SWITCH HOLES 12mm DIAMETER
Fig. 1. The metalwork required on the front panal. Dimensions inmillimeters, { = ‘

THE METALWORK

The three pieces of aluminium,
cut to size and bent to our
design, are available from H.L.
Smith of 287 .Edgware Road,
London NW2. Send £1.82,
which covers VAT and postage.

e

s —t———ri

Mounting the slider pot itself re
quires removing the black plastic end
covers so that the case of the pot fits
flush with the support bracket. It
will be necessary to drill a couple of
holes in the case so that the pot can
be mounted from beneath. We pre-
pared the frequency scale by sticking
down some dark green plastic and
gluing strips of white paper to this.

The pcb is mounted, as shown in,
photo 2, with the tuner head to-the
rear of the chassis. Figure 6 shows
how the board is wired up to the rest
of the tuner. The only wiring not
shown in Fig. 6 is the mains wiring to
the transformer via the on/off switch
and the wiring to the meter lights.

ﬁ

Photo 2: This shows the support bracket and
pcb are mounted.

OVERLAP 10]
N
THE ORIGINAL SLIDER

. 1S SAWN BACK TO 8MM
e 20
Fig. 2. This_ shows how the support bracket is constructed in two sections. The top section . 5
holds the slider pot and two meters. The bottom section mounts the switches and selectors : Fig. 5. This shows
and the frequency meter. b : It;!oou;{n:lt,:dcg;sg:e,:lider

PERSPEX CURSOR pot If a mechanical
s drive mechanism is to
27 be used the drive cords
can be attached to a

E__l l__.l 13 1 ‘tag under the screw.

A simple 3002 antenna can be
; —— —— > ——— " constructed as shown in Fig. 7 and

Fig. 3. Drilling for upper section. 216 251 261 296 then you are ready to try the tuner
according to the test procedure. I

o m— e S S ———=——2§ﬂ you find that there is a gentie hum

o T e F o = [Tk 2o ot Mg B P
t e . ] base of Q2 with a 10uF (10V) cap-

e R R e T PR el acitor {see Fig. 8). There is sufficient
40 130 155 180 220 300 room on the peb to fit this component
‘Fig. 4. Drilling for lower section. easily. :
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’—o’ | TUNING
o2 METER LED :
AFC i
| [ 4 STEREQ 4 t,To short lead
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v8 QUADRATURE
I——:‘-——’@o ¢ coi

SIGNAL I :

SIGNAL STRENGTH
STRENGTH| METER SETTING RV10

® |
E RH AUDIO
MPX DECODER 0 o———m 11
ALIGNMENT RV11  C*— LH AURIO

METER RIZ I
a [
FREQUENCY METER
SETTING RV9
. } ‘ 3.1 A a8
R” o i
it L | 1 I ! 1 as =
i v
| I
v !
75~z 3oou TO TRANSFORMER I
AERIAL AERIAL 12 VAG)
STATION
FREQUENCY METER SELECTOR

q TUNE

vsly
RED GREEN

TO SLIDEH POT

Fig. 6. Wiring up the board to rest of the tuner.

1. Make certain all connections are
sound, and that solder does not
overlap any of the PCB tracks.

2. Double check the crientation of
all components such as ICs,
diodes and the 7812, where it is
easy to make a mistake.

3. Switch on check:

Connect an audio amplifier with
an input sensitivity of 100mV
{(approx.) to the output of the
tuner.

Switch ‘off the mute and AFC,
and switch to manual tupe and
stereo. Set the cursor to the
high frequency end of the scale.

a) Switch on the mains, and check
the PSU voltage to be 12V.
Some hiss should be audible at

the output.

b} Peak this noise by adjustment of
the quadrature coil {an RS type
trimmer tool should be used to
avoid damaging the core).

Now check the meter functlons
the centre zero should be rough-

c

34

ly centred by the adjustment of
the quadrature coil.

The signal strength meter should
be set at zero in a blank section
of the band, by adjusting RV 10,
The frequency meter can only
be calibrated accurately by sel-
ecting a station on the main
scale, and then setting RV9 for
the meter to coincide.

d) Tuning around for a station will

result in the signal strength
meter  travelling from the
end stop. To finely set the

quadrature coil tune the S|gnal
strength meter for maximum
and then adjust the core for
centre zero on the tuning meter.

e) To align the MPX decoder, tune
to a station which is known to
be in stereo, and then rotate the
preset RV11 until the LED bea-
con lights. This will also be
accompanied by an increase in
the noise in the background of
the transmission. Rotate the pot
across the entire range through

TEST AND ALIGNMENT OF THE INTERNATIONAL-FM TUNER

f)

Fig. 8 Hum in the tunin
Be-cured-by-decouph

. The most causes of
trouble:
First incorrect assembly and

INTERNATIONAL'F M

Fig. 7. How to make a folded dipole
antenna for FM reception. 30081 ribbos
feeder is used for both dipole and feed.

bias circuits can
R 5SHOWHR———

R17
1K2
Q2
BC108
DECOUPLING
CAPACITOR —L. R15
10 f <_ 5K6 |

On the p.c.b. pattern last month
a short connection between two
holes was not shown. This is under
RV8 from the slider to pin N.

C10 is also shown with wrong
polarity in both circuit and layout. «

which the lamp stays lit, and
then set the control to the
centre of this arc.

The IF output coil of the tuner
head may also be peaked, using
the signal strength meter for
guidance. “ This is the purple
coloured core near the ocutput
termination,

The only coil to avoid in the
tuner is that of the focal oscill-
ator. You will scon realize
which this is, since a very minor
adjustment will cause the station
to disappear.

likely

soldering

-the LED may be the wrong
way around for failure of the
stereo.

-incorrect switch wiring.

-it is very unlikely that there is
any component failure for man-
ufacturer identified devices of
established ‘pedigree’,
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ETl Reader Offer

inclair
cientific

Ancluding VAT and P&P

In the October 1974 issue we organ-
ised with Sinclair an offer that has
become a legend - nearly one in three
readers sent for it - ten times the
expected response.

In the last year ETI, has forged
ahead in sales and many new readers
may wish to own one of these calcul-
ators .- the only one to have won two
Queen’s Awards - one for technical
innovation, the other for export sales.

This, the second time we are runn-
ing this offer, the price is £3.00 lower
than a year ago and we are also offer-
ing the built version at only £1.00
more.

THIS COUPON FOR KIiT ONLY

BEEZ29-01

Trad

shhcigir O

=

= Scientific n

¥ antilo
6 i

==

¥ arctan

Sinclair Scientific — Actual Size

Inclair
clentific

Bﬂliﬁ%?%

Including VAT and P&P

Sinclair Scientific Facilities

The low price and simple construction
of the Scientific belie 1ts calculating
power.

The detailed instruction booklet
supplied describes fully the method of
usage. With the Sinclair Scientific you
can handle directty:

Log 10, Antilog 10, Sine and Arc-
sine, Cosine and Arcosine, Tan and
Arctan, Automatic Squaring, Auto-
matic Doubling, XY {any power) Yi/x
{any root) Addition, Subtraction,
Division and Multiplication.

Of course these functions can be
used together giving you a fabulous
number of facilities.

THIS COUPON FOR READY BUILT ONLY

TO ETI/ SINCLAIR SCIENTIFIC CAL.CULATOR OFFER
ELECTRONICS TODAY INTERNATIONAL
36 EBURY STREET, LONDON, SW1W OLW

Piease find enclosed a cheque / PO for £11.95 payable to
Electronics Today International for a Sinclair-Scientific
Calculator KIT. {(For acknowledgement of order, please
include a stamped addressed envelope)

Name = = o

Address _

e

TO ETI/SINCLAIR SCIENTIFIC CALCULATOR OF FER
ELECTRONICS TODAY INTERNATIONAL
35 EBURY STREET, LONDON, SW1W OLW

Please find enclosed a cheque / PO for £12.95 payable to
Electronics Today International for a Sinclair Scientific
Calculator READY BUILT. {For acknowledgement of
order, please include a stamped addressed envelope)

Name 2 e SR

Address

-r--——-—————-——-——-—————

— g G S A o e

This coupon will be used to despatch the order. Please write
in BLOCK LETTERS.

Name e

Address - d = —

Offer closes October 31st. This offer is strictly limited to one
calculator per coupon. Please allow 28 days for delivery.

“ELECTRONICS TODAY INTERNATIONAL—OCTOBER 1975

Pl SR S e S SR o
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This coupon will be used to despatch the order. Please write
in BLOCK LETTERS.

Name

|

Address 2

|

1
)

_— — =

Offer closées October 31st. This offer is strictly limited to one
calculator per coupon. Please allow 28 days for delivery.
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FREE WITH NOVEMBER'S ETT

An 8 page pull out, crammed with useful electronics reference data,. ..
..... those formulae you're always forgetting, common transistor data,

...... el

l Cth,,g |
(Rerrevt:
‘ b, oy Mtiab o {
s ian ——————
e o S
i A ——aa, .‘M
Vet

READER OFFER

Weller sowee eyy

T0DAYS 11

RETAIL

PRICE 0FFER£6
.50

950  PRICE

TIC-TAC RADIO

An ultra minature AM radio
which is bui't in a Tic-Tac mints
box—uses ZN414 and one
transistor,

definitions and conversions.... ... and much more. You'll want to keep ,j'
this - be sure not to miss it. fi

-.J

|

AUTO *:

—CORRELATORS |

Auto-Correlation is a technigue ;

in which an audio signal is

multiplied by a time delayed

version of itself giving a !

considerable reduction jn noise, =

Unlike some of our competitors —
your next copy of ET{ will still be 30p
— and there are 16 extra pages in the
November issue.

DIGITAL FREQUENCY METERS

“Using the ETI digital display module, this inexpensive circuit
displays directly all frequencies up to TMHz with 0.01% accuracy
accuracy — and it can be battery powered. ¥

Y | 2000 GUITAR AMPLIFIERS:

How to couple two of the ETI 100w guitar amps ( Detailsin

Project Book 1. still available from ETI for 85p inc.) to give .
200W into 802. F

alectronics

today international
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The new series of ETI Data Sheets are arranged so
that they can easily be removed from the magazine
if required. It is planned to give details of between

two and four devices each month, the emphasis_

being strictly on maximum information in the
available space on |.C.’s and other semiconductors.

ET! Data Sheets are intended as-an intfroduction
to the devices, not as complete information though
applications ‘circuits will occasionallv be modified

to make it easier to build them up. All senticon-
ductor manufacturers produce their own excellent
data sheets but the majority of the information is
not relevent to the enthusiast: we are concent-
rating on the data that is. :

Internal circuits of 1.C.s will only be shown if
it is felt that this will lead to a better understand-
ing of the operation.

Please refer to the notes on page 39.

FAIRCHILD

s | XED QUTPUT REGULATOR

uA 7800 SERIES: POSITIVE VOLTAGE REGULATORS
The 7800 series of 3-terminal voltage re- == —
gulatars give excellent regulation and ripple
rejection, have internal current limiting and SPEC"F'CATION 7805 7812 7824
automatic thermal shut-down making them . ( ) 35V 35V 20V
almost indestructible. With adequate heat- input voltage (max S v
sinking, they can deliver over 1A. Line regulation (typ) 3mV - 10m 8 "A
No additional components are necessary Quiescent current ("‘)3") grancf’lé g':l"é?s SandB
for use as voltage or current regulators but Ripple rejection (typ ] S
a few extra components will enable adjust- Short-circuit current (typ) 750mA 350mA 1
able output voltages to be achieved. Peak output current (typ! 2.2A 2.2A el
The third and fourth number in the Typical Advertised Price (UC type) £1.60 inc. VAT
coding gives the voliage: 7805 is 5V, 7812 Main data supplied by Fairchild Semiconductor.
is 12V, 7824 is 24V. Other voltages in the
range include: 6V, 8V, 15V and 18V. PACKAGES T03 (Top View)
The letter U after the number denotes ¢ COMMON 131 ey
T0-220 package, K denotes TO-3 package. T0-220 (Top View) oy

Second letter C denotes consumer specific-

ation.

Closely related is the 7900 series,
similar but with negative voltage regulation.
Other types includes device with 100mA ;-

OUTPUT (A
:[:—-:é ~ COMMON (31

200mA and 500mA ratings in other pack-
ages.

INPUT (1} NPUT 1)

TR

NPUT LATEXX | —O auteut
3 E]

e
QFIwF 1~

A

‘NOTES:
@To specity an output voltage, substitute voltage value for “XX".

Although no output capacitor is neaded for stability, it does im-
prove transient response. -
Required if regulator is located an appreciabte distance from power

supply filter.

s £\ DJUSTABLE QUTPUT REGULATOR, 7 to 30 VOLTS_T
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TBAB10S/AS 7W AUDIO AMPLIFIER

- f il
: SGS-ATES
& |
- ¥ The TBAB10S is a 12-lead quad in-line {.C-
& U designed for use as a class B audio amp- 2
: The device will give 7W at 16V into a . 2
2 482 load, 6W at 14.4V, 2.6W at 9V and 1W Figures are typicat and for Vs=14.4v
: at 6V but will work with a supply as low as unless shown.
5 4V or as high as 20V. It gives up to 2.5A Supply Voltage 4-20V (max)
] output current and has high efficiancy Quiescent Current 12mA
g (75% 2t 6W) together with low harmonic Power Output {16V} W e !
- and cross-over distortion. (14.4v) W Te 2 :
| The TBAB10S is provided with a thermal (9V) 2.5W o 5 ot
; limiting circuit which.means that the device 6V) W =T
- will suffer no damage even if overheated Input-Sensitivity (R4 5682}  80mv GROUND GROLND
: due to an inadequate heatsink — all that (R42202) asmv i
; happens is that output power is reduced., Frequency Response (—2dB) 40—20000Hz BOCTSTRAR . &
; The TBAB10AS is identical except for Distortion (50mW—3W} 0.3% srmEeeTL Ok Pty
i minor differences in the arrangement of the RPPE
; caoling tabs. T = : = o2 ¢ 1D AR
; The cooling tabs should be connected Dyp'ca'Aﬁ“”'se" Price £1.25 inc. VAT
: to a heatsink, With the TEAB10S this can ata supplied by SGS—Ates
1 be an area of the p.c.b. itself of about 1
: Square inch for each side of the cooling
; " tab,
"APPLICATION CIRCUI T = s wce—morey = INTERNAL CIRCUITﬁ
- )
i s I
i L—ﬁi Q7 e L3
&
g . E 2 s
Bl & o ' e
i = o
| o
| o R 7
Lors + Gl
: RS
::I v ql '——*QI
32 o L.@
. W | qF 3 o 04
SITEL eI
= Y _— S
i A REEESNSREmEESsEdasas
L w T Resen 11 ——r
i & B ]
. .AQTD:,F_H' EEEERE
s lt:ﬂ =] ‘H‘PL‘—“H 1 ZWT_ Left graph shows
' I aSEEREAN ' T oulput against
3 ‘{'!;':';ii’jiil T supply voltage
i SRR 7] I
i o o
i
i i
f | ] : [ 1]
i A = thly WETII
' Right graph shows =5 Wfﬁ“
distortion against X! I ,i 13
y output power, 3 S I;H!i L1 ”R
; = EEIR e T
4 T [iepsiehinhiii
In
i —_— T T
I. 0 T % 5 8 - z " ‘;‘5.
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SGS-ATES

TDA 1054 CASSETTE RECORDER WITH ALC

The TDA 1054 contains four distinct cir-
cuits: 1. Low Noise Preamplifier, 2. Auto-
matic Level Control System (ALC), 3. High
Gain Equalisation amplifier, 4. Supply
Voltage Rejection Facilty (SVRF).

It is designed for use as a preamplifier
in tape and cassette recorders and players,
dictaphones, compressor and expander in
telephonic equipment and in Hi-Fi preamp-
lifiers.

Applications circuits are shown here
for a complete tape recorder using other
SGS—ATES |.C.’s, TCA 900 motor speed
control and audio amplifier TBA 820.
The second circuit is for @ Hi-Fi preamp -in
which the ALC facility is not used,

™=COMPLETE CASSETTE RECORDER

i e o o
SPECIFICATION

Figures are typical and for 9V supply
except where shown.

Supply Voitage 420V
Quiescent Current 6mA
ALC Range {for 3dB

change at O/P} 54dB
S/N Ratio with ALC 56dB
Suppiy Voltage Ripple

Rejection 30dB
Voltage Gain {open-loop) 110dB
Distortion {playback} 0.1%

Distortion {record with ALC) 0.4%
Output Voltage before Clipping
(with ALC) 900mV

Typical Advertised Price £1.50 inc. VAT
Data supplied by SGS-Ates,

oty ~HY

LEAD CONNECTIONS

Package 16-pin DIL

flig MG RECOWERY

aC outRUT 1 -—@_’— 1 M ey

Fend Sl T s auc e

91 LoLLECTaR ,[ | APPLY

o2 Bade ] YOLTAGE

ar #asE «ff 1 hy aneuT
H

FREQUDY

O ENTTER s 12 conmeiesaTIon

M VERTRG

01 paticr s ol s

e ERT G

Q2 CHAECTOR 7 o R

mr-pass 9] ] cacmO

[0 FE
R1& A6

25 12k0 150 L

S TANTALIM CAMLTORS

ETI DATA SHEET

The information .in this section is
based on the manufacturers data
and is intended as a guide to the
experimenter. Devices are not
normally available direct from the
manufacturers but all devices in-
cluded in this section are currently,
or have recently been, advertised

in ET! and/or other electronics
magazines. It is regretted that ETI
cannot answer queries arising from
Data Sheet including availability,
modifications, availability of fur-
ther data, layout or construction.
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‘It's another knockout offer

from AMBIT, the wireless
specialists.

The phone rang in the AMBIT
office the other day. It was
Halvor Moorshead - the editor
of this fine magazine.

“Can you do anything about

an FM tuner article ?” he asked.

“Qf course we can, Halvor.
After all, we claim to be the
wireless specialists.”

And so the project was born.
When choosing the specification,
we thought we would present a
smart, sophisticated and stylish
unit - but not so expensive as to
be beyond the means of the
readers of this magazine. And as
this is the first fully documented
FM tuner to appear in ETI, we
wanted something that would
become a standard - like some
of the audio projects that have
preceeded the International FM
tuner.

We feel that we may have been
successful in our aim.

The {nternational FM tuner.

EC3302 FET tunerhead £5.00
KB4402 IC IF system £1.94
1(84400 1C MPX decoder £2.20
BLR pilot tone filter £1.60
7812UC voltage regulater £1.55
9932 6 preset bank £3.40
WS150 long slider pot £3.00
5 way push button unit £1.50
Meters, each type each £2.50
Cabinet and panel . £10.00

The details of the special offer,
strictiy limited to orders which
are accompanied by the coupon
from this issue of ETI, appear
elsewhere in this issue. The reg-
ufar price for the kit of the
International FM tuner will be
£50.00 including VAT. Postage
£2.50 per kit.

FOR those constructors who
live in fringe areas for FM rec-
eption; or those of you looking
for a tuner for DX listening, we
have two alternative RF/IF strip
modules. Ready built by Larsh-
olt of Denmark.

The 7252, featuring dual MOS
front end, with four tuned cir-
cuits, AGC, AFC, total muting,
scan and hold, 0.1% typ THD.
Due to the complexity of the
IF system, a sterec decoder is
not included in the 7252.

The 7253 has an FET input,
with a four circuit tunerhead.
The IF is similar to the circuit
published for the international-
but the pilot tone filter is not
integral. 0.5% typ THD.

7252 £24.00 (ex VAT)
7253 £24.00 (ex VAT)
993090 deluxe mpx decoder and
filter £7.60 (ex VAT)
Ambit also sells components:-
Coils, ceramic and mechanical
filters from TOKO inc.

Linear ICs: NEB60 series PLL,
the 78 series voltage regulators,
ICs for AM/FM radio and audio,
{LM380N £1.00), and still a few
DL704 LED 7 segment displays
from our offer fast year - 10for
£7.50 (+8% VAT).

All prices are quoted EXCLUSIVE of VAT unless otherwise stated. In most.instances
the rate will be 25%. Postage 20p per order (unless otherwise indicated). A shortform
price list and product summary is available free with an SAE. Full catalogue 40p(inc).

ambit international

Dept. ETI 37 High Street, Brentwood, Essex. CM14 4RH tel:i!16029 tix 995194
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INTERNATIONAL 3600

SYNTHESIZER

Constructing the case; and inter-unit wiring.

: KEYBOARD
KEY BOARD
CONTROLLER (E} ﬁ%’gT?n%LLER

—— ey a1

-~

SPRING
REVERB

POWER
SUPPLY (N}

&‘q g ;!f_v—- ~

__ENVELOPE (C,D)-.F!

WE CONTINUE this

month with
detajls of the final four modules to be -

constructed. Details of cabinet
assembly and interwiring of the
synthesizer are also given.

TRANSIENT GENERATOR

Full details of the transient generator
can be found in the May '74 issue
of Electronics Today International.

Note that & modification, published in:

September of 1974 reduced the value
of R21 to 100k.

In the 3600 synthesizer the
exponential converter and the external
trigger are not used. The following
components are  therefore pot

required.
R1,2,3,5,6,9 10and 14.
Q1,Q3, D2, IC2.

C5, €6, RV3, RV4, SW1 and SW3.
Link points 13 and 14 together and
take the trigger from the keyboard to
point 5. It will be found that triggering
. reliability is improved by increasing C3
to 0.0068 uf.
The mounting bracket will need to

' not used and the

be trimmed slightly in order to clear
the level .potentiometer of oscillator 2.

ENVELOPE CONTROL

This module was described in the
April ‘74 issue and a modification
was published in September of 1974.

In the 3600 unit the external trigger
is not used and R17, 18, Q3 and SW2
are therefore deleted. The trigger from
the keyboard now goes directly to the
hole number 13.

Increasing the value of C7 to
0.0068 uF makes triggering more
reliable. The mounting bracket of this
unit will also have to be trimmed in
order to clear the level potentiometer
of oscillator 3.

OUTPUT-EQUALIZER -

This module was described in the
July 1974 issue. In the 3600 unit the
joystick and exponential converter are
following
compoenents are therefore deleted.

IC7-10, Q1, Q2, RVi0-15.
R23-32 and C18-22.

ELECTRONICS TODAY INTERNATIONAL-OCTOBER 1975
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OUTPUT

% . EQUALIZER (J)

RANSIENT (G)

Fig. 1. Assembly of
the modules within
the box.

Note that the positions of front
nanel controls have been changed and
connection details are now given in
Fig 2 & 3. A different mounting
bracket is also used being now the
same as that used for the envelope
control.

POWER SUPPLY

This module was described in ‘the
March 1974 issue and modifications
were published in the April and
September ‘74 issues. For the 3600
unit only nine outlets are required.

KEYBOARD

The keyboard described for the 4600
cannot be used in the 3600 because of
lack- of space. A Kimber Allen
keyboard was used in our prototype.

CONSTRUCTION

The generat assembly of the box can
be seen from the photographs and
from Fig. 7. The individual pieces are
shown in Fig. 8. Note that the
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Fig. 2. Front panel interconnactions — oscillator section.

KEYBOARD CONTROLLER

e -KEY MOD (E} PIN G, IC12
o MOD 47 {E) i
L~ KEY (E} PIN 6_1C11
je——TRANSIENT 16 {G}

= OV

ON THE EXTERNAL WIRES THE

TO
TRANSFCRMER
PRIMARY

R o
\ hY
/ /
N~ N
FILTER
o P

ENVELOPE R FILTER

—__TRANSIENT (2}

LETTER IN BRACKETS REPRESENTS
THE P.C. BOARD TO WHICH THAT WIRE GOES.

THE PC BOARDS USED ARE
A OSCILLATOR

C ENVELOPE — TRANSIENT
D ENVELOPE — VCA

P € KEYBOARD CONTROLLER
/ "\ G TRANSIENT 2

( J OUTPUT-EQUALIZER
ok \___/ M KEYBOARD MODIFICATION

N POWER SUPPLY
P AUXILIARY BOARD

240V - 203
8(J)
240V 3
NEON!
240V

INPUT

Fig. 3. Front panel interconnections — filter section.

dimensions given are for a timber
thickness of 12 mm and for
construction wusing all butt joints.
AHowances witl have to be made if’
other timber thicknesses or mitred
joints are used. It is advisable to use
smdtl pieces of wood to strengthen
corners,

We hinged the lid using dismountable
hinges, so that the lid could be
detached, and used suitcase-type:
catches on each side, towards the front,
to hold the box closed. A handle is
mounted on the front for carrying the
unit. It is recommended that a strip of
foam plastic be glued onto the lid to
ensure a dust-proof seal when the unit
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Fig. 4. Overall interconnection diagram.
is closed. The box may be covered and installed as follows. The frame. After checking alignment, and

with vinyl or veneered as required.
Note however that the keyboard
should be installed before the
keyboard panels (pieces 7 and 8) are
covered.

The small panel containing the
mains-cord socket, the external-input
socket and the output-socket can now
be assembled, wired and mounted in
place. Note that the wires to the input
and output sockets should be in
shielded cable.

The keyboard may now be wired up

aluminium frame of the Kimber Allen
keyboard extends beyond the ends of
the keys. Use this portion to mount
the keyboard by placing two pieces of
wood on top of the ends of the frame.
These pieces of wood should be of
such thickness that the keyboard is
held at the correct height when finally
assembled. The keyboard is held in
position by long self tapping screws
which pass through the keyboard
panels {7 and 8), through the pieces of
packing wood and screw into the end
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that the keybeard functions correctly,
the keyboard panels may be covered
or veneered as for the rest of the box.

The power supply, keyboard
controller, auxiliary beoard and the
spring reverb are all mounted inside
the box on the base. The photo shows
the relative positions of these modules.
They should be installed fitted with
wires that are long enough to reach
their destination. The other modules
and their associated potentiometers
and switches can now be mounted on
the front panel. Interconnections can
now be made using the diagrams in
Figures 2,3 and 4 as a guide.

A solid earth is required if noise is to
be minimized. This is easiest done by
earthing each module to the front
panel. Solder the earth wire onto the
back of a potentiometer (after filing
oft the plating). A solid-earth wire
between the auxitiary board and the
front panel is also necessary.

Finally, due to the size of the range
switch on osciflator 1, it will probably
be necessary to cut a section out of
the front panel upper-support to
provide clearance.

Fig. 5. Front panel artwork.
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Fig. 7. Box assembly detsils. Numbers

in circles are of individual pieces as

numbered in Fig. 8.

o Fig. 6. Front panel drilling details.
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- MODERN
FM RECEIVING
TECHNIQUES

PART

In this third article on FM receiver circuitry, Brian Dance continues this discussion of the
NE563, a PLL IF amp. Then he will consider how the signal from the demodq[ator circuit is
processed so that separate 'left’ and ‘right’ signals are obtained which can be amplified and fed to
the loudspeakers. Only modern high performance circuits will be discussed.

The limiter circuit feeds the stage
which provides AGC at pin 4. The
variation of the pin 4 voltage with
the input signal level is shown ip Fig.
17.The limiter also provides muting
current to pin 8 where the output
impedance is about 20k. When the
potential at this pin falls below about
1.1V, the circuit is muted. The
muting level is set by VR1. The
writer has found the action of this
muting circuit to be extremely good.
Any signal of reasonable strength
will raise the potential of pin 8 above

1.1V when VR1 is suitably adjusted.,

but inter-station noise’is eliminated.
If muting is not required, pin 8 may
be left unconnected.

Asignal strength meter, M1, may
be used if desired, butit must have a

reasonably high impedance. The-

readings of this meter vary with the
setting of VR1. A meter with a full
scale deflection of about 5V is
suitable. The meter deflection is a
logarithmic function of the input
voltage over a very wide range (from
10uV to at least 0.5V).

The NES563 device requires a
power supply voltage in the range
+10 to +15V, the current required
being typically 38mA (maximum
42mA). The power dissipated in this
complex device renders it warm to
the touch and results in some drift of
the centre frequency for the first
minute or so after power is” first
applied; however, this has no effect
except when one wishes to receive
very weak signals. The internal
circuit of the NE563 provides a
typical hum rejection of about 33dB.

PERFORMANCE

The total harmonic distortion at
the NES563 output is quoted as
0.4%. This value having been
measured at a modulating frequency
of 1kHz when the deviation was the
normal maximum of *75kHz. The
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AGC QUTPUT VOLTAGE VS SIGNAL INPUT
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Fig. 17. Typical NE563 AGC char-

acteristic.
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Fig. 18. NE563 AM rejection plot-
ted against input voltage.
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Fig. 19. VCO free running frequency
plotted against the capacitance
connected between pins 11 and 12.

audio output voltage is about 0.4V
RMS. The AM rejection is shown in
Fig. 18 for various input signal
levels. This rejection is excellent for
input levels exceeding a few mV and
is probably better than that offered
by other well known circuits at such
levels.

The input sensitivity is about 9 uV
for a 30dB signal to noise ratio at
10.7MHz (allowing for a 6dB loss in
the ceramic filter), whilst the corres-
ponding level at the mixer input is
about TmV. The capture and lock
ranges are about 250kHz and
290kHz respectively for the circuit
of Fig, 16 at input levels exceeding
1mV. They fall with decreasing input
levels, reaching about 80kHz and
140kHz atan input of 10uV.

The NE563 device can, of course,
be used at other frequencies than
those suggested in the circuit of Fig.
16. The phase locked loop section
can be operated at frequencies of
less than 1kHz up to several MHz.
The VCO capacitor required for

various phase locked loop operating:

frequencies can be obtained from
Fig. 19.

The writer has used a 9.8MHz
crystal manufactured by Aero Elec-
tronics Ltd., Horley, Sussex, RH6
9SU in the circuit of Fig. 186.
Another crystal of the same fre-
guency manufactured by Cathodeon
Crystals Ltd., Linton, Cambridge,
CB1 6JU to code A04851 gave
equally satisfactory results.

An economical Taiyo ceramic
resonator type CR-9.8 has also been
used instead of a 9.8MHz crystal,
but a few circuit modifications are
required. The capacitor C8 c¢an be
omitted and the resonator connected
in parallel with a 2.2k ohm resistor
and a 5pF capacitor between pins 1
and 16. The NE563 will oscillate if
one merely connects a capacitor
between pins 1 and 16, but the
frequency will drift considerably. A
2 2pF capacitor will produce oscilla-
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tion at about 9.8 MHz.

A crystal oscillator is less likely to
produce spurious oscillations than
the ceramic resonator. Although one
has the additional cost of the crystal,
the circuit is very simple and ideal for
the amateur constructor. Problems
may occur with this type of circuit if
the input contains spurious frequen-
cies.

The demodulated signal

of separate parts as shown in Fig.
20. They are:

{1) The normal audio signal which
has a waverform representing the
sum of the signals in the left and
right hand channels. 1f monaural
reception is being employed, this
sum signal is used as the audio
output. As shown in Fig. 20, the
maximum frequency of this signal is
5kHz.

{2) A low level19kHz ‘pilot tone’
which is synchronised with a 38kHz
sub-carrier. This pilot tone is
required for the operation of the
stereo decoder circuit.

(3) A ‘left minus right” signal which
15 modulated onto a 38kHz sub-car-
rier, This signal is proportional to the
sound amplitude in the left channel
minus that in the right channel, the
maximum frequency in each chan-
nel being 15kHz. Thus the modulat-
ed left minus right signal occupies a
frequency band of 38+ 15kHz, that
is from 23kHz to 53kHz as shown in’
Fig. 20. There is a small gap in this
signal at 38kHz, since no audio
frequencies below about 30Hz are
transmitted.

(4. The 38kHz sub-carrier itself is
suppressed at the transmitter to a
level of not more than one per cent
of the total signal.

It can be seen from Fig. 20 that a
stereo signal . requires a much
greater bandwidth than a simple
monaural signal. This inevitably
means that at a given input level
from the aerial the signal to noise
ratio will be worse for stereo
reception than for monaural recep-
tion — actually about 20dB worse.

The pilot tone is normally
switched off at the transmitter when
a monaural signal of more than a few
minutes duration is being transmitt-
ed. This automatically ensures that
the stereo decoder in the receiver is
switched to the monaural state for
the optimum signal to noise ratio.

A number of types of stereo
decoder circuit have been publish-
ed. For example, in the switching
type the 19kHz pilot tone is obtained
from the multiplex signal by means
of a tuned circuit and is doubled in
frequency to re-generate the 38kHz
suppressed sub-carrier; the latter is
used to switch the multiplexed input

S
multiplex one containing a number,

100% p=
19kHz
= PILOT
3 ONE 38kHz sUPPRESSED
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=]
z
o
-
<
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=} i fil [ 1 | L . 0]
10 20 30 40 50 80

FREQUENCY {kHz)

Fig. 20. The frequency spectrum of a sterec muitiplex signal.

signal. Apart from the necessity of
setting up the tuned circuit, such
systems have the disadvantage that
they do not provide the best channel
separation.

In this article only modern phase
locked loop decoding circuits will be
discussed, since they provide
optimum performance with circuit
simplicity and ease of adjustment.
The frequency of the loop automa-
tivally locks onto a harmonic of the
pilottone and any normal changes of
the component values with time or
temperature will not affect the
performance. Circuits of this type
provide excellent channel separation
(typically better than 40dB) and
employ an integrated circuit design-
ed especially for the application.

The CA3090A0Q
The CA3090 is a unique stereo
decoder integrated circuit first

introduced by RCA in mid-1971 as
the CA 3090Q. An improved version
was made available in 1973 under
the coding CA309AQ. Both devices
are encapsulate in 16pin quad-in-li-
ne packages which require a supply
of about 22mA at 12V.

Unlike other phase locked loop
decoders, these devices have volta-
ge controlled oscillators which are
tuned by a 2mH inductance. The use
of an inductance tuned oscillator is
said to result in better stability at
extremes of temperature {which may
be useful in-car radio receivers) and
better stability as the circuit ages.

The CA3090AQ has the follow:

ing advantages over the CA3090Q:
() 1t can drive directly a stereo
indicator lamp which requires a
current of up to 100mA. (The
indicator lamp is iluminated when
th 19kHz pilot tone causes the loop
to lock, showing the circuit is
switched to the "stereo’ mode).
(i) The steady voltage level at the
stereo defeat/enable contact (pin 4)
controls the operating mode, this
voltage level being independent of
the pilot tone level provided that the
latter is above a certain minimum
level.
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{i) The CA3090AQ is capable of

providing rather lower distortion
than the CA3090Q. :
Circuit

The fairly complex internal

circuit of the CA3090AQ is shown in
block form in Fig. 21 together with a
typical external circuit. The demo-
dulated multiplex signal from the
receiver detector is applied to pin 1
of the CA3090AQ where the input
impedance is about 50k. The low
distortion pre-amplifier stage feeds
the signal to both the 19kHz and the
‘38kHz synchronous detectors.

The voltage controlled oscillator
generates a 76kHz signal which 1s
divided in frequency to produce a
38kHz signal and two 19kHz signals
in phase quadrature. The 19kHz
pilot tone from the demodulator
circuit is compared with the locally
generated 19kHz signal. An error
signal is generated which is used to
control the voltage controlled
oscillator frequency so that it
remains locked with a harmonic of
the pilot tone.

A second synchronous detector
compares the locally generated
19kHz signal with the 19kHz pilot
tone. If the ampiitude of the latter
exceeds a certain value set by an
externally adjustable threshold vol-
tage, a Schmitt trigger circuit is
energised. The signal from the
Schmitt trigger operates thelamp
driver circuit which switches the
'stereo indicator lamp on or off. It
also switches the circuit from
monaural to stereo operation.

The output signal from the 38kHz
detector and the multiplex signal
from the pre-amplifier are applied to
a matrix circuit which produces the
left and right hand audio signals; the
latter are applied to their respective
internal amplifiers. The external
capacitors C7 and C8 provide the
normal 50 us de-emphasis.

Alight emitting diode D1 in series
with the resistor R4 is shown in Fig.

21. LEDs consume much less
current than tungsten filament
lamps and are more reliable.
However, D1 and R4 may be

pr——
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Fig. 21. The circuit used with the CA3090AQ with the internal circuit

replaced by a smali lamp consuming
not more than 100mA if desired.

The core of the inductance L1
should be set half way between the
points at which the indicator lamp
just switches as the core adjustment
is changed. The centre frequency of
the voltage controlled oscillator is
then very close to 76kHz. The
capture range of the loop is typically
+ 10% of the centre frequency.

A 2mH coil especially designed
for use with the CA3090 device is
the Toko type YXNS 30450NK
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which has its adjuster colour coded
blue. It employs 270 turns on a
ferrite core which provides a Q factor
of about 118. The connectians are
made to the two pins on the opposite
side to the row of three pins on the
base of this coil.

If the voltage applied to pin 4 of

the CA3090AQ exceeds about 1.2V,

the device is switched to the stereo
mode. At lower voltages it is
switched to the monaural-mode. The
tolerance range of the pin 4 voltage
is 0.9V and 1.6V. The CA3090AQ

shown in block form.

may be used without the stereo
defeat and enable function if a
suitable control voltage is not readily
available; in this case pin 14 should
be directly grounded.

The CA3090AQ provides a
typical 2nd harmonic distortion level
at the outputs of 0.2%, whilst the
3rd, 4th and 5th harmonic distortion
is typically less than 0.1%. The
channel separation is typically 40dB
{minimum 25dB).

To be continued next month....
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FREE Brochure

on New KITS

Whether professional,
student, teacher or amateur,
the field of electronics can open
up a new world for you.

CROFTON don't just sell kits, we offer you a technical
back up Service 1o ensure your success

The following 15 a selection of some of the more popular kits -

Mullard CCTV Camera

PE CCTv*Camera

PE Rondo Quadraphonic Four Channel Sound
{Designer Approved }

Electronic Ignition

Electronic Flash

PW Tele-Tennis Game

UHF Modulator

Bench Power Supply

Wobbulator

All ETI Top Projects

Many of the Elektor Projects

NOTE: PC.Bs for most published projects available to order.

CROFTON ELECTRONICS LTD

Dept.C 124 Colne Road.Twickenham.Middx. 01 898 1569

I

*

~ Enoughbooks are
written about crime,
this one stopsit.

Outside it’s a book. Inside it's an ingenious
ultrasonic burglar alarm from Heathkit. The GD-39.
A complete kit that can be assembled in only a few
- enjoyable hours, with the help of a very easy to follow

Arbonr Electromics Timited
ETI ONE ARM BANDIT CASES. ey
ONLY £4.80 incl. VAT p&p.
seé details in AUG. issue ETH
~ CENTURION
INSTRUMENT CASES

Model No. 321F FLAT PACK front panel aluminium_ rear panei 2nd case. mild steel. Front
panel linished in white gioss, other perts finished black. textured finish supplied with
aluminium top and bottom thm. % e
i D PRICE
203mm £6.20 aach

‘Model Nos. 119 & 121 two part aluminium construction base front and back unit linished
in whize gloss, hooded cover finished in blue hammer stove enamel.

MODEL D w H PRICE
18 152mm 127mm 89mm £1.80 each
121 152mm 202mm 76mm £2.20 each

w H
406mm 165mm

W\odel‘ﬁp& 221F & 222F Flat packs. Front & rear panels aluminium case miid steel front
panel finished in white gloss other pans finished in blue hammer stove enamel.

PRICE

£3.05 each
£3.65 each

D w H
152mm 203mm 152mm
197mm 254mm 159mm

Pricas include P&P U.K. only. Add B% VAT U.K. only.
Sand S.A.E. for full brochure

ARBOUR ELECTRONICS LIMITED
Unit 13 East Hanningfield Industriat Estate, Nr. Chelmsford
Essex CM3 5BG. Tet: Chetmsford {($245) 400700
Sheet metal work wiring assembly service available
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mstruction manual. ¢ -
The GD-39 works by transmitting a silent, ultrasonic
signal throughout the room. And continuously monitoring
it. Any movement made by an intruder in the room will
then automatically produce a change in the signal.
Which triggers off a lamp and, thirty seconds later,a
remote buzzer, that just you hear, or a loud bel!.
Enough to scare the living daylights out of a burglar.
For more details,and a bookful of other ideas, just
post the coupon now for your Heathkit catalogue.
Or, if you're in London or Gloucester, call in and see us.
The London Heathkit Centre is at 233 Tottenham Court
Road. The Gloucester showroom is next to.our factory in
Bristol Road. . P
Heath (Gloucester) Limited,
Dept. ETI65, Bristol Road,
Gloucester GL2 6EE.
Tel: (0452) 29451.

The GD-39

Ultrasonic Burglar Alarm

_Er----—-'-‘----------

o: Heath (Gloucester) Limited, Dept. ETI-105. Gloucester

| GL2 6EE Please send me a Heathkit
Schiumberger

I catalogue Ienclose a 10p stamp for postage.
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UNDERSTANDING
COLOURTYV

Picture quality adjustments.........., .

A " PAL colour television with
conventional shadowmask display tube
is capable of giving an astonishingly
‘true to life’ colour picture but this
depends on correct setting of a large
number of preset adjustments. Since a

‘very large proportion of the colour

serviceman’s {expensive) time is spent
on these adjustments, which for best
results should be rechecked at
intervals, an electronics-minded viewer
can find it worthwhile to tackle some
or all of them himself, With unhurried
work he can bring his set’s
performance close to that of a high
quality studio monitor.

CONTROLS COMMON TO
MONOCHROME SETS
The following adjustments, the
first few of which are accessible to the
viewer, need no explanation since they
are familiar from monochrome
receivers: .
ON/OFF — VOLUME
BRIGHTNESS
CONTRAST
VERTICAL (FRAME) HOLD
HORIZONTAL (LINE) HOLD
(Because of the critical timing
functions of the colour receiver
line -output stage this control must

BLUE STATIC
(VERTICAL)

BLUY ;
STATIC
(LATERAL)

-
-
GR EEQ
STATIC

be set more carefully to the centre
of its 'flywheel’ lock-in range than
is necessary on monachrome sets.}

. VERTICAL SHIFT

HORIZONTAL SHIFT

HEIGHT {(FRAME AMPLITUDE)

VERTICAL LINEARITY

FOCuUS

WIDTH (LINE AMPLITUDE)

AND/OR E.H.T. VOLTAGE
{This control should only be
adjusted with reference to the
manufacturer’s data  which
generally calls for use of a special
e.h.t. meter to ensure that the tube
third anode supply never exceeds a
specified voltage, typically 22-25
kV.}

SPECIAL CONTROLS FOR COLOUR

Surprisingly the majority of these
are best assessed and set up on
monochrome pictures although they
all contribute to the colour picture.
They arise from the basic shadowmask
tube principle of creating a picture by
combining three ‘primary-ccloured
images on the same screen. The images
are produced by three separate
electron guns whose beams are made
to scan by a common deflection coil
assembly over three separate arrays of

MAIN CONVERGENCE ASSEMBLY

CONNECTIONS TO DYNAMIC
CONVERGENCE COILS {INTERNAL)

FOR SCAN COILS

-~
™~
[S-}\ RED
STATIC

Fig. 47. The usual pun:?y and static convergence adjustments located on the tube neck —

viewed from the rear of the set.

50

FORE/AFT. SLIDE CLAMP NUTS

phosphor dots. This process depends
for its success on precise positioning of
the three beams relative to the
shadowmasked screen and the
adjustments to achieve this are
grouped under the titles PURITY and

CONVERGENCE. Some are electrical
adjustments and some are mechanical;
the mechanical adjustments on the
tube neck are:identified in Fig. 47.

This subject was dealt with in Part
7. To summarize, the shadowmask is
only able to direct the three electron
beams correctly to their corresponding
phosphor dots over the whole screen
area if the effective beam deflection
centres are correctly located. The
‘purity’ adjustments available to
achieve this are two flat ring magnets
on the neck of the tube and a
fore-and-aft sliding movement of the
scan coils.

The state of purity of a receiver is
best checked by switching off two of
the three beams by means of the first
anode cutoff switches provided and
inspecting the remaining image for
uniform colour. It is best to inspect
the red image since any spurious tinges
of blue or green are easily spotted. H
the contrast can be fully reduced to
give a plain red raster the job is even
easier,

An uncritical viewer is unlikely to,
notice minor purity errors. Here is a
guide to their effect on normal
programme  pictures. Colours of
objects {which should be constant)
vary — depending on their position on
the screen. Large areas of uniform
colour which occur occasionally in
programmes (such as expanses of blue
sky or backgrounds to captions) will
show up any areas of impurity. On a
monochrome picture a serious purity
error shows as a large stationary
blemish of different colour tinge from
the rest of the picture and is the same
for all pictures.

Having detected some purity error,
heed a note of caution: if the purity
adjustments are  touched  the
convergence adjustments described

_later will certainly need to. be

retrimmed as well.
If you decide to forge ahead, set up
a red raster, preferably plain,:as
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CAUTION

Very high voltages — up to 25 kV —
are common in colour TV receivers:
Do not attempt to undertake the
adjustments described in this article
unless you are very experienced in
handling equipment that operates
at such potentials.

The main danger areas are indicated
by the two arrows shown on the
picture tube (right).

t =
OTHER COLOURS
{a)

(b)

Fig. 48. Furity adjustment is done with the red gun only working. With the scan coils
pushed fully forward, the purity rings are used to position the beam deflection-centre
horizontally and verticaily, to obtain central red spot as in (a). The scan coils are then
brought backwards sufficiently to obtain a pure raster as in (B). )

described. Note the positions of the
purity Tings (Fig. 47) — they always
have identifying tabs or slots.
Experimentally rotate them together
and singly, noting the effect on the red
raster. With large sets a mirror makes
this much easier. Probably the. red
raster can be ‘purified” in this way; if
not follow the full procedure involving
the scan coils as foliows.

Loosen the clamp wingnuts and
push the coils fully forward so they hit
the tube flare. Then adjust the purity
rings for pure red at the centre of the
screen — Fig. 48. Overall red cannot be
obtained at this stage. Then gradually
pull the coils backward. The red area
should expand to fill the whole screen.
If the coils are brought back too far
the purity worsens again.. The ‘perfect’
position should not be hard to find
and the -rings can be retrimmed if
necessary. Having purified red, check
the blue and green rasters separately.
These should also be pure.

If purity absolutely cannot be
obtained the shadowmask - may
somehow have become magnetised.
Check that the set’s automatic
degaussing {Part 7} really works; if so,
treatment with a portable degaussing
coil may be needed.

[~ BRADIAL

e I

(a)

R RADIAL POINTS WHERE
TWO COLOURS
CAN BE

G RADIAL CONVERGED

CONVERGENCE

This aspect of the adjustments can
also be called registration since it is
concerned with superimposing exactly
the three colour images. In practice it
is rare for a colour set to show no
registration errors at all. They are most
evident on monochrome pictures,
Inspect the outlines of sharply defined

objects in these pictures. Convergence.

errors cause black-to-white edges to
have coloured fringes . If there is error
over the whole screen, do the
relatively simple STATIC adjustments
{see below) which may be sufficient; if
the errors occur in some parts of the
picture more than others the more
demanding DYNAMIC adjustments
need attention.

STATIC CONVERGENCE

The static convergence adjustors are
rotatable magnets mounted on the
tube neck by which the three pictures
can be individually shifted to achieve
registration. There are three radial

[ty £5]

e
B LATERAL

b, o

(b)

Fig. 49 (2). The R, G and B picture shifts produced by the radial static adjustors {on the

main convergence assembly).

{b). The shift given by the biue lateral static adjustor which is necessary for
complete convergence of R, G and B.
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UNDERSTANDING COLOUR TV

Fig. 50 As the three guns are not mounted
on the tube axis, and the langth of the beam
paths alter over the screen area, the rasters
are distorted as shown fexaggerated).

adjustors (Fig. 47} whose magnetic
fields are brought to the tube by pole
pieces inside the convergence assembly
and focused on the electron beams by
ferrous plates inside the tube. Their
effects on each image are shown in
Fig. 49a; alone they enable any two
images to be converged, but not all
three. To achieve this a fourth adjuster
on one beam, conventionally a blue
lateral adjuster is needed — Fig. 49b).

It is very hard to do static

.convergence on moving pictures and it

is best to wait for a stationery test
pattern transmission, Most patterns
include something like a white cross or
dot at the centre of the screen to make
this adjustment easy. Switch off the
blue gun which leaves a red + green
{equals yellow) picture, Adjust the red
and green radial magnets for perfect
convergence at the centre of the
screem~ Switch on blue and use both
the blue radial and blue lateral
adjusters to bring all three pictures
together at the centre,

Purity and static convergence are
slightly interdependent so it may ke
necessary to retrim both of them
again._

Sit back and consider whether the
results are satisfactory because now is
an excellent point to stop! Look over
the whole screen showing
monochrome pictures, Although
convergence is good at the centre there
may be errors elsewhere. Their cure
involves the dynamic convergence
adjustments whose purpose should be
well understood before tackling.

DYNAMIC CONVERGENCE

In a simple world the screen and
shadowmask would be shaped as part
of a sphere centred on the beam
deflection centre. In practice viewers

demand near-flat screens and with
colour there are three defiection
centres at slightly different positions.

The result is that the rasters which
should be rectangular are distorted as
shown in Fig, 50. Dynamic con-
vergence is an electronic process of
‘counter distorting’ each raster back to
rectangular shape, without which aver-
all convergence is obviously
impossible. It is achieved by circuits
which feed special current waveforms
— mixtures of sawtooth and parabolic
currents at both line and field
frequencies — through coils wound on
the internal pole pieces of all four
static adjusters in Fig. 47. Thus the
magnetic field applied to each beam
comprises both a steady flux
contributed by the static magnet and a
complex alternating component,

The distortion of each raster in Fig.
50 is a combination of two effects.
The first is pure ’'pincushion’
distortion caused by the flatness of the
screen. Looked at another way it is
caused by the increase in beam length
towards the edges of the raster. This
increase follows a parabolic law.
Correction is possible by supplying the
dynamic convergence coils with a
parabolic current in the opposite
sense. Correction in the vertical sense

R G J
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requires a parabolic currént at field
‘frequency and correction in the
horizontal sense requires a parabolic
current at line frequency.

The second distortion is asymmetry
caused by the unavoidable displace-
ment of each gun from the tube axis.
This is countered by sawtooth
currents, again at both line and field
frequencies.

Dynamic  convergence  circuits
therefore consist of networks of
resistors, capacitors and inductors
which derive from the main line and
field scan waveforms (sawtooth
shaped) the necessary mixtures of
sawtooth and parabolic waveforms for
each dynamic coil. The parabolic
waveforms are obtainable by
integrating sawteeth.

Most of the components are
variable presets to enable the optimum
convergence to be set up and the total
number of controls may be more than
a dozen. Circuits vary greatly between
manufacturers and it is not really
necessary to understand them in detail
because the function of each control
should be clearly marked. A typical
arrangement is shown in Fig. 1.

CROSSHATCH PATTERN

It is hopeless trying to adjust the
dynamic controls on a normal
programme picture. What is needed is
a stationary monochrome pattern
designed to show up any convergence
errors. Transmitted test patterns are

usually far from ideal. The perfect’

pattern is a crosshatch of thin vertical
and horizontal lines as shown in Fig.
52. Until lately this could only be
obtained * from expensive workshop
equipment (any colour  service
workshop should be eguipped with
generators for this pattern and the
colour bars pattern for decoder
‘alignment} which provides an r.f.
signal suitable for feeding to the aerial
sockets of receivers. A low-priced
‘crosshatch generator project will be

Fig. 52. The crosshatch pattern of white
fines on a black background which is
virtually essential for dynamic convergence
adjustrment. It enables any error to be
related to the typical control set-up shown
in Fig. 51.
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PROGRAM
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DETECT

DRIVER
BOWER RE P svaces
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AT THIS POINT OVERRIDES
PROGRAM VIDEQ

—

Fig. 53. Connection of direct-injection crosshatch generator to a receiver.

featured in a near future issue of ETI.
This unit enables any owner to bring
his colour set to ideal convergence.

ADJUSTMENT

Having obtained a crosshatch
pattern on the screen the dynamic
errors can be investigated and
compared with the markings on the
convergence controls. These will be
found concealed somewhere on the
set, often lurking behind a ‘secret’
panel. The correct procedure is to
switch off the blue gun and
concentrate on converging red and
green, the aim being a yellow
crosshatch without red or green
fringes. Do not turn controls at
random; instead make a mental note
of what each control actually does e.q.
‘bends red verticals to the teft’ or
‘contracts red horizontals at bottom’.
Then plan each new adjustment before
making it. Scon you will find which

controls are interdependent and which”

errdrs cannot be completely
eliminated, only ‘traded off’ against
errors in other parts of the picture.
Switch on blue and use the blue
controls to approach the idea!l white
fringe-free crosshatch. The static

magnets can be trimmed at any time if
necessary.

SECRETS OF GOOD
CONVERGENCE

There is a degree of skill in
converging which becomes second
nature after one has converged two or
three sets. The following adjustments
affect convergence in varying degrees
and should be finalized before
convergence adjustment:  Height,
Width, Linearity, Focus, EHT Voltage,
Purity. However the controls for
contrast, brightness, grey scale (to be
described}, tuning and decoder
adjustment have no effect on
convergence so can be moved at any
time.

During adjustment keep a clear
view of the entire screen at all times —
it is so easy to over-concentrate on
removing an error in one part at the
expense of the rest. Go through the
interdependent adjusters several times
moving each control slightly /ess than
seems necessary. |If the wvariable
inductor for converging the blue
verticals goes to one end of .its range
the wires to the blue lateral coil may
need interchanging. Every dynamic

Fig. 54. Tips for good convergence.

{a) If two colours cannot be perfectly
converged it is better to distribute the
residual errors, with less attention to the
edge of the screen, than to insist on perfect
convergence at the centre.

(b} The viewer is more likely to notics
convergence errors insige the area shown.
Thus small corner errors can usually be
tolerated.
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Fig. 55 (a). Line and field scan currents without pincushion correction.
{b). Pincushion correction obtained by cross modulation in transductor — see text.

control should have a visible and
progressive effect on the crosshatch
pattern and failure to do this suggests
a fault in the convergence circuit. If a
wirewound potentiometer has an
abrupt effect at one point of its travel

it may have burnt out - regrettably
these components -are often over-run.

It is rarely possible to achieve
perfect convergence over the whole
screen including the corners and the
real skill lies in distributing the

residual errors so they are not:
noticeable to the viewer. Fig. 54
should be helpful here. Once
converged as finely as possible a colour
set should ideally not be moved since
merely rotating it through 90° relative
to the earth’s magnetic field can have a
minute upsetting effect.

GENERAL RASTER
CORRECTION

A certain amount of pincushion.
distortion is common to all three
rasters and is usually corrected by a
special transformer called a trans-
ductor. This consists of three windings
oen the limbs of an E-shaped
Ferroxcube core. The two outside
windings are in series and are
connected in shunt with, the line scan
coils; the middle winding is connected
in series with the field scan coils. The
transductor causes a degree of cross
modulation between the line and field
scan amplitudes due to progressive
saturation of the E-shaped core with
increasing flux, The effect is shown in
Fig. 65. Usually there are one or two
controls associated - with the
transductor to aliow the form of
correction to be varied to obtain a
truly rectangular raster. ®

EXCLUSIVE to EATON AUDIQ, a Professional quality modular constructural case system by VERO

ELECTRONICS LTD . designed with the amateur's project in mind. Wide choice of modules from %' to
8'" wide. Send large S.A.E. or 10p stamp for illustrated leaflet and price list before you start your next
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nms'l'zﬂAHSISIORS oo MFCE040 100p
BC184 19 $G14950 290p
BC204 - 1ip SG3402N 1749
BC209C 11 - SG3402T 1740
8212 1an “AT815 220p

8o 15p D ,f b an fhin > 723  sop
131 1 [ B T Af RESISTORS
;CPZS‘ITDI 18p — o n u y y L g - Triple rated high
Y . bih
MPSLET $5 | UNTIL YOU HAVE ALL THE FACTS ABOUT THE MINISONIC. Without any doubt, the best value for money | “2 <0r2or fim_
MPSUS7 55: in synthesisers today. Performance and versatility equal to ready made instruments ‘costing over 5 times as Matal oxide half watt
5079203 15% | much. Very high stability fog. oscillators (2}, Filter, Noise generator, versatite Keyboard system, Envelope 5 for 16p
p1a2g 2 1y hig ty 9
X500 ,;: Shaper and V.C.A. (2 each), Ring Modulator and Headphone/L.S. Qutput. : Both types, E32
aN2219 2zp | HEAR IT — Exclusive C20 demonstration cassettes _still available. "AUDIO FAIR 1974, an introduction to the ;3";”5;5 from 4R7 1o
ﬂ;;g: g: MINISONIC by G. D. Shaw and "SYMBIQOSIS’ an experimental composition for the MINISONIC by Malcolm POTENTIOMETERS
“2N2905 27p | Pointon. . Each tape £1.06 post tree. Together £1.86 post free | Carbon 24 mm, fin.
T emars °% | SEEIT — At the AUDIO FAIR 1975. on Practical Electronics Stand. and1og. 5Ko to 1Mo
Mmoag: p PLAY IT — SYNTHESISER MUSIC SERVICES, 12 Holland Park Road, W.11. Tel. 01-221 5665 have the o7 nd 1W Iirzisp
CA30BAE ~  f120p MINISONIC on permanent demonstration. . e L
el £ READ IT — Reprints of the MINISONIC series are available ONLY trom EATON AEDIO. Details in lists, Clipalbi Cotaa s
BA148 28p P semi-precision 82p
1GP7 op BUY IT — A top line Synthesiser in its own right, or a worthy addition to any music studio — you cannot fail PRESETS
_magl 2? to be impressed. not least by our new lower prices! Carbon, horzontal
15J50 IZ: BASIC COMPONENT KIT £38.00 UK Post Free POWER SUPPLY KIT £8.90-UK Post Free miniature, all vatues
21y NMOISE OIGDES Lists — Send S.A_E. or 10p stamps ’ égr?n::olirizzumalmp 7
1 Sp L .
FALY) 120p iniature. all values
ey EXTRA SPECIAL LINEARS e salics
A0 2o | Device Description Manuf. Case  Cost Ce"ﬂe'i rectitinear 20
Ll 115 | LM318N  Very high speed. high gain, op. amp (70V/uS) NS ERNTER Mo5 7 [ oac et onlly
EREs %o> | LM381IN Very low noise, dual. audio preamp. (0.7 uV noise) N.S. 14dil 174p | resisTANCE WIRE
op. AmMPS ~] EM1306P Half-watt, 8 ohm, audio preamp. and amplifier N.S. 8 dil 75p | Constantan, 0.0293
ooy oo | MC1741SCP High speed 741, compensated, direct replacement Mot 8dil 107p m’;ggf LD, 108

High speed, low noise. operational amplifier

DATA SHETS, all devices 10p extra

frriom

Fer 14 dil 130p

Per Metre 40p

TERMS: MAIL ORDER ONLY

C.W.0. MINIMIM ORDER £1.00

VAT. Please add 25 % to value of order inc. p&p.
unless otherwise stated. Cheques or P.O.s payable
to Eaton Audio.

Orders over £5.00 free of p_8&ip.

Otherwise piease add 10p in the £1.00.
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'MHI KIT SYSTEM

MHI (Monolithic Horometric Integration) is a
complete module system to enable the building of
digital timing circuitry. Two basic modules are
required for each system: one clock or counter kit
plus one display kit. Each of the six display kits is
compatable with any of the clock kits and thus you
can decide which display size or-how many digits
you require quite independently from your choice
of clock kit. I

Most of the PCBs for the clock kits are 2in X 4in

with the exceptions being only slightly larger, the
PCB contains spaces for all of the basic compo-
nents excluding switches, transformer and display.
Each clock kit includes main LS| chip plus socket,
segment driver chip, PCB and may aiso include any
other unusual components. The kits exclude
resistors, capacitors, transistors and switches
which are all easily obtainable types and values. All
clock kits will interface to any MHI display kits or
to any other common-anode LED displays.

Uses a new counter chip from MOSTEK (MK50395) and will count
up or down at speeds of up to TMHz with a totai system speed of
400kHz. Count and compare registers can be loaded from logic I1Cs or
BCD switches, features count inhibit, display latch, display decode.
Outputs: 6 digit drives, BCD and 7-segment. count = compare,
count = zero, etc. Applications include: very fast stopwatch,
sequence timers, ‘auto-cue’ for tele-cine, batch counters, repeatable
"pifl’”* counters, etc.
Interfaces with any six digit MHI display kit
£24.00 + VAT

The DL707 display is a standard 0.3in LED display readable from
distances of 10 feet or so. Four or six digits plusa PCB.
MHI-D707/4£6.60 + VAT

MHI-D707/6 £9.50 + VAT

MHI-5024 (DIGITAL STOPWATCH KiT}

Based on the MOSTEK MK50204 chip the MHI5024 is a
modified calculator chip. which will still function as an 8-digit
four-function calculator but has the additional facilities of
conversion of hours, minutes and seconds to seconds of
vice-versa. The Chip will also count in Hours, Minutes,
Seconds and tenths with start/stop/reset facilities. The
timing source for the counting is an RC network set to run at
140 KHz.

The Kit includes: MK50204, 28-pin skt., CA3081- segment
driver and P.C.B. £14.00 + VAT.

{For H.MM.55.s use MHI-D7x776, for M_SS.s use a four-digit
MHI display).

NEW MHI-D727 0.5” DIGITAL DISPLAY KITS
The DL727 is a3 new double-digit display from Litronix
presented in an 18-pin pack. Four or six digits are provided
with P.C.B. The MHI display kits connect directly to the
outputs of any of the MH! clock kits.

Four digits — MHI-D727/4 £8.50 + VAT
Six digits . — MHI-D727/6 £12.00 + VAT

The DL747 "JUMBO display is the largest single package LED
display available with a digit height of 0.8in. Can be read from
distances over 25 feet. Four or six digits plus PCB.
MHI-D747/4£9.80 + VAT

MHI-D747 /6 £14.70 + VAT

MHI-5378 (DIGITAL CAR GLOCK KIT)

Uses the new National MM5378 Auto-Clock chip. The Chip
has full car/boat clock facilities with a voliage range of 9-20v
with no-loss-of-time down to 5v. Timing sourceis a 2.097152
MHz Quartz Crystal which is driven and divided by the chip.
Facilities inciude: {i) display on/off swilching with ignition
leaving the clock running at all times {draws about BmA}. (i}
display brightness control. MM5738 kit skt CA3081, 2MHz
Xtal and Trimmers, P.C.B. £15.10 + VAT. (Interfaces with
MH! four-digit displays kits).

MHI-5314 (BASIC CLOCK)

Uses National MM5314 chip to give a four or six digit clock with
12724 hour readout from 50/60Hz supply. This kit and chip are s0
simple that no previous electronics experience is really necessary to
P\}:xre an electronic clock working within a couple of hours. £6.60 +

MHI-5025 (ALARM CLOCK)

For a digital bedroom clock with accurate alarm time, snooze facility
and display brightness control. Six digit output in 50Hz, 24-hour
format. Alarm tone oscillater is on-chip and will drive small
loudspeaker with single transistor interface. Very simple to assemble.
£9.35 + VAT.

MHI-5023 as MHI-5025 but with 12/ 24 hour option. £9.35 + VAT.

DISPLAYS
‘DL701, DL704,DL707 ... .. . ... T M | e T X
DL721. DL727 {perpairy . o . ..o oo £3.75
pL749 DL7560.DL747 . ... ... ...kl . £2.45
5LT-01, 5-LT-03° .... . I STl AT £5.80
Minitroni3016. 3037 5 U L SR A S e £2.00
ltoka 2%2in. . . R, g, p S I £8.00
itoka 5in. W id s aco s, s (R s Wt b el 22 f210)
L.CWatch Display .. ... - - .- ... R R EOT08)
CHIPS: ‘
MM5309, MM5311 £5.18
MM5314 .. .. .. £4.44
MMb5316 s = o BT v &l Ak o e A o £9.25
MM5378 .. ... .. A N R o T - e o £7.43
MK50250. MK50253 . . .. £5.60
MK50204, MK50206 Ff LTy _E11.19
CT7001. CT7002°, CT7003 . . . . \£7.30
GT60025%1  =FIiNA. SN Tl e i, W 15.00
HEECOE TRt s, ~n swtogr o e 3 PF o SRl APl BR5 )
CA3081 7 segment Interface chip - . ... ... .-« . £1.47

ALSO: Some other displays, calculator and clock chips available in
small quantities to cailers only.

LSl sockets for 24, 28, 40 pin: £1.00

PCBs for MHI and cther kits

DATA available on most chips, send SAE.

" Subject to availability

MHI-7001 (ALARM/DATE/TIMER)

A six digit clock with optional display of date. Has switched alarm
output and a switched timer (clock/ radio, sleep”’) cutput. Apart from
being a very unusual clock this kit can be used for remote switching of
1ape recorders, etc. We advise the use of a six digit readout with this
kit. £10.00 + VAT,

Terms: C.W.O . Access, Barclaycard (Simply quote your
number and sign). Credit facilities to Accredited Account
Holders.

Alf prices on this advert exclude VAT

BYWOOD ELECTRONICS
181 Ebberns Road

Hemel Hempstead

Hens HP3 9RD

Tel 0442 62757
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1.Understand 2.Become a
electronics. , radio amateur.

Step by step, we take you through Learn how to become a radio-

all the fundamentals of electronics amateur in contact with the whole

and show you how easily the sub- world. We give skilled preparation
ject can be mastered using our _ for the G.P.O. licence.

/\unique Lerna-Kit course.
| [mery

o]l (1) Build an oscilloscope.

(2) Read, draw and understand
circuit diagrams,

(3) Carry out over 40 experi-
ments on basic electronic
circuits and see how
they work.
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Brochure, without obligation to-

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept. E95
P.O. Box 156, Jersey, Channel Isiands.
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ADDRESS : Block caps please
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Videomasler
urge allgood eleclronics
enthusiasts o play the game

The best thing about the Videomaster Indetail . . . The Videomaster Mk. lll has eleven
Home T.V. Game Mk Illisthat the sheer intégrated circuits . . . fourtransistors . ...
pleasure of building it is immediately followed elevendiodes .. . iseasytobuild . .. withno

Aoy ; £ S alignment necessary because with ready-built
by the excitement of playingthreefascinaling 5 testedtransistarized UHF modulator, is

games. . ' . complete withall parts . . . including fully
The famous Videomaster is now drilled and prepared p.cb. . . . handsome plastic
available for you to make. It plugs into any box . .. control leads . . . complete step by step

standard UHF 625 line TV set, and it shouidn't assembly instructions . . . Runs ona PP7 9 volt

: battery . . . and has logic and analogue “state
take you'longerthana few hours o build. of the art” circuitry all with National Semiconductors

CMOSdevices . . . with full specification.
POST TODAY TO: The cost? Only £19.95 (+vaT)

Videomaster Lid

119/120Chancery Lane, London WC2A 1QU @

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

| enclose my cheque/moneyorderfor£. . ........
Tick if VHF Modulator required [] -£1extra

ADDRESS s X .
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ELECTRONICS

=it’s easy!

SQUARE WAVES
‘Square and rectangular waves are
most important in digital circuitry

because they have signal levels that can
be cnly one of two definite states. (the
transition times being considered
negligible). They also are used as the
starting point for generating pulse
trains in which the signal consists of
narrow pulses, Three main methods
are used to ‘generate square waves,
Two start with sinewaves, converting
them to square waves, the other gene-
rates the square wave directly from a
dc voltage.

If a sinewave of the same frequency
as the squarewave needed is greatly
amplified, the slopes of the sinewave
at the zero crossing point are raised
more toward the vertical. Also if the
amplifier is overdriven the upper and
lower limits of the original sinewave
will be clipped. A crude square wave
results. A more positive clipping
process uses two oppositely connected
zener diodes placed across the output,
as is shown schematically in Fig: 1. If
the process™is repeated two or three
times a quite reasonable square wave
results with fast rise-times and clean
tops.

A second way, originating from a
sinewave, uses a special circuit called a
Schmitt trigger. In this circuit, another
of the basic family of digital circuits,
the output is either low or high
depending upon * whether the
input-voltage level is above or below
(respectively) a preset input level.
Although the input can exist at any
analogue level the output will always
be only in one of two states. To
produce square waves a sine-wave is
ted into 'the Schmitt trigger which is
set to trigger at the- point where the
symmetrical sinewave passes through

PART 20

Generating non-sinusoidal waveforms.

=N,

-J’_\-—-FL TO OTHER

SIMILAR
STAGES

BACK TO BACK
ZENERS

Fig. 1. A sinewave may be
converted to a squarewave

AMPLIFICATION

zero. The result is a square wave, if the
trigger level is exactly at zero, or
rectangular if above or below. The
advantage of this method is that very
low-frequency square waves can be
generated.

A typical Schmitt trigger circuit
{Schmitt first described this two-state
circuit in 1938) is given in Fig. 2. For
the values given the output swings
from its high value of 12 V to a low
value of 1.0 V when the input passes
through 1.8 V on the way up. The
output swings back again as the input

goes through 1.0 V on the way down..

The difference between the up and
down trigger levels is known as
hysteresis  lor backlash). Design
methods exist that enable the trigger
level, backlash and output swing to be
set a required. To produce
symmetrical square waves from a
sine-wave source, with this circuit, the
sine-wave would have to have its dc
zero placed at 1.5 V. The 150 pF
capacitor is added to reduce the
impedance of the 1.8 k resistor at high
frequencies, that is, whilst the circuit
is switching. It is called a ““speed-up'*
capacitor.

As well as being a convenient way to
produce square waves, the Schmitt
trigger also provides a mechanism,

1k8

A

+12V

T LIMITING

° by amplifying and clipping,

whereby a hesitant effect is- made
positive. Take for example the case
where daylight is used to operate a
street lamp. As the light falls to
around the operating point a
Irelay-switch would chatter on and off
with minor changes, until the average
light level had falten below the critical
region. By adding a trigger circuit with
reasonable amoynt of backlash, the
relay is made. to switch on the first
time the light falls below the preset
level. The refay cannot again change
state  without a significant rise
occurring in light level.

The third way to produce square
waves is 1o generate them using
another digital circuit building-block,
the free-running multi-vibrator or
astable as it is also ealled.

There are three main types of
multi-vibrator — astable, monostable
and bistable. The astable automatically
switches continuously between two
states, thereby producing a square or
rectangular  wave signal. The
mongstable is normally in one state,
and is triggered by an input signal into
its second state. It stays there for a
predetermined time before

automatically toggling back again thus
producing a fixed-length, single, square
pulse.

The bistable {or fiip-flop),

QUTPUT

O/Pg

o]

_“._.4 SWINGS
[ 12V TO 1V o/p
INPUT
LEVEL BC107,108, 109
TRIGGERS
1.8V UP
1.0V DOWN
5 680
-0V

Fig. 2. The Schmitt trigger circuit,
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Fig. 3. The basic arrangement of the multivibrator family of circuits.
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toggles from one state to the other
with each successive input control
pulse. It thus gives one ouiput pulse
for every two input pulses.

Each type can be used to produce
“square’”” wave signals — the astable as
a free running source, the monostable
and the bistable as sources initiated by
a train of pulses or changing levels.

Basically each type of multi-vibrator
is formed from two common-emitter
stages that are coupled together with
impedances as shown in Fig. 3. This
provides positive feedback from one
stage to the other causing the device to
always be in one state or the other —
never between states for any length of
time. This kind of impedance —
resistors, capacitors or a mixture —
determines the kind of positive
feedback applied, and hence which of
the three functions is generated.

Free-running astable — here the
impedances are identical in both sides
and are capacitors. Bias, or charging,
resistors are added to each base as
shown in Fig. 3. A suitable circuit for
generating a 1 kHz square wave signal
is given in Fig. 4a, Figure 4b is
another circuit that will flash a small
lamp at 1 Hz. Astable design is
reasonably easy and is fully explained
in numerous books, especially those
devoted to digital circuitry. The period
of the square wave produced is given
approximately by T = 1.4RC Trefer
Fig. 4a) from which the frequency
f = 07/RC. The other main
requirements needed is to ensure that
the transistors are capable of handling

the current demands of Ry when
switched on. The output can be taken
from either collector — the two are
said to be complementary, that is,
when one is high the other is low.
Alternately the load can be wired
directly into the collector circuit as
shown in Fig. 4b.

If the base resistors are fed from an
independent source the frequency can
be varied by external means, This
produces a voltage-to-frequency
convertor, ..or, voltage-controlled

oscillator VCO. Referring to the

approximate pericd

+v
T = 9RC lin ()

‘tf the VCO is fed wnth a sawtooth
signal the frequency output sweeps in
synchronism — the well-known police
siren sound.

Monostable or one-shot — if the
requirement is for a train of puises of
uniform envelope height and width yet
of variable repetition rate, then a
monostable driven by a pulse train of

the required frequency is the answer.

A monostable has one transistor base
connected as the astable above, the
other is resistance coupled. Figure 6
shows a monostable set to provide a
20 ps wide pulse for a very wide
variety of pulse inputs. Monostables

are often used to reshape pulses back
1o a standard shape; they also serve to

introduce a finite time delay because
the initial input pulse can be
regenerated later in time from the
trailing edge of the monostable pulse.

. 2 BY BC109 e

- . +12v

CUTPUT
=y
8V
LTEES

47n GIVES 1kHz
4n? GIVES 10kHz

3~

47

BC109 BC109

* = 1k GIVES-1 FLASH
PER SECOND WITH LAMP
MORE ON-THAN OFF.

* = 10k GIVES 1 FLASH
EVERY 2 SECONDS WITH
EVEN ON OFF TIME

+12V
5V 150mA LAMP

OR 12V mA LAMP
WITHOUT RESISTOR

+——QV

Thus the input pulse is delayed by the
time duration of the monostable pulse
width. An approximate value for the
pulse duration is given by T =0.7RC.

The circuit given in Fig. 6 features a
second. voltage rail. This ensures that

the off-state transistor, which ever it is-

at any one time, is adequately
switched off. It is, however, possible
to design monostables that operate
between only two lines — this has been
the trend with semiconductor designs.

Bistable or flip-flop — this is the

basic element used in digital computer
counting as it produces an output
pulse for every second input pulse,
thereby dividing the input frequency
by two. These have the two stages
connected with resistors in both sides.
Initially the circuit will start in either
state — a set voltage is applied to the
SET or RESET input thus
conditioning the circuit to the initial

plate reouired. Input pulses or step

voltages applied to both sides will
cause the unit to change state at each
input pulse. Figure 7 shows a typical
simple design of flip-flop. The need for
a negative voltage rail has been avoided

by adding  an emitter  resistor.

Triggering inputs, not shown, can ‘be
arranged to drive into the base, emitter
or collector in order to provide the
toggle action.

Designs come in two varieties —
those in which the on-stabte holds the
transistor well into saturation, and
those in which the transistor is never
saturated. The latter are capable of
faster switching times but need much
more careful design. We omit the
design of the bistable for that is also
well described in texts. It is a rare
event, these days, for one to design
flip-flops because they are now
‘marketed in- IC forms using over 10
transistors to achieve a much more
stable and versatile unit at a price less

+Vpy

O
{DECIDES FREQUENCY)

1k

OUTPUT

+6V SUPPLY

1k

-ré
T OUTPUT
ﬂ
1

100n
BC108 BC108

Fig. 4. Free running astable
circuits. (2l 1 kHz signal source:
{bj Circuit for flashing an
indicator lamp.
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Fig. 5. The output frequency of an astable
can be varied by altering Y, — it becomes
a voltagecontrolled oscillator VCO.
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ELECTRONICS -it’_s easy!

1k

OUTPUT PULSE
OF 201§ LENGTH

held

2
(COMPLIMENTARY)

2k2
ouTPUT

BC108

< L

TRIGGER L
INPUT —
1000p

LR

Fig. 6. Simple form of monostable — it produces a 20 microsecond
wide puise for each positive going input pulse.

than that of the two discrete
transistors needed for the circuit
shown in Fig. 7. Monostables and
Schmitt triggers are also avatlable in IC
form. The latter effect can also be
obtained using a linear op-amp with
suitable connections.

PULSES

The logical follow on from
square-wave generation is that of pulse
generation. In Rart 8 we described how
LR and (more usually) CR networks
could produce pulses by
differentiating the sguare wave. The
“cireuits for doing this are shown in Fig.
8. Figure 8d shows the standard
differentiation  circuit used. It
produces signals, as shown in Fig.
17.7, in voltage form from (a)
square-wave input waveform. The
technique applies equally well for a
single  pulse requirement. Pulses
produced this way alternate in sign. {f
both pulses are needed it is usually
easier to produce two separate trains
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from anti-phase square waves selecting
and combining the pulse polarities
needed. This is easier in practice than
attempting to invert every second
pulse generated by a  single
differentiator circuit.

GENERATING EXTREMELY HIGH
FREQUENCIES ]

The upper frequency" limit for
transistor operation is at present just
approaching the gigahertz region
(109Hz}; beyond this quite different
techniques are employed. These
techniques use devices such as
magnetrons and klystrons, millimetre
travelling- wave tubes, masers and
lasers. Figure & illustrates the
frequency range over which each of
these devices is useable.

In the earlier valve era it was very
difficuit to generate signals for radar
needs {300 megahertz to 30 gigahertz)
due to limitation of electron transit
time, but late in the 1940's special

Y 2

Fail s

(z»-_._.]\_l _]\_‘ —LA

m_f_\_/‘_\__g 8

w

! N f ) ¥ Ol R2

e T SN

(s, _LV_-LY'—' o
m -—L\/_H_ L2y R

Fig. 8. Differentiation or integration may be crudely achieved by means of LR and CR
circuits. Short pulses may be produced from square waves by differentiating with circuit (D).

amplitude, 1t is

Fig. 7. Basic flip-flop or bistable circuit.

self-resonating  structures® overcame
this problem by using fields combined
with valve concepts to ‘bunch’
electrons in a beam - typical such
devices are magnetrons and klystrons.
Such devices are still the best where
high-power is demanded: microwave
cooking ovens use magnetrons to
generate kilowatt power levels for
heating purposes.

The travelling-wave tube is another
special electron device capable of UHF
and microwave frequency
amplification. In this tube an electron
beam interacts with an
electromagnetic wave travelling along
the tube; again the electron bunching

effect overcomes the transit time

limitation. The design and use of these
forms of generator are very specialised.
LCircuitry at such high frequencies is
not accomplished with wires buf with
waveguides that look more like a piece
of precision plumbing than an
electronic circuit.

Still higher frequencies can now be
generated using various kinds of laser.

COHERENT RADIATION

A proper understanding of what is
meant by ‘coherent radiation’ s
essential to understanding why devices
such as lasers are so important.

There are pienty of devices which.
super-high.

produce radiation at
frequencies — eg, a hot soldering iron
produces infra-red,. an x-ray tube
produces x-rays and a tungsten
filament lamp produces visible [ight.
But none of these sources produce
coherent radiation. That is, their
output consists of a multitude of
separate packets of radiation which,
although they may have the same
frequency, have randomly different
phase. Thus it is only possible to
modulate such sources in bulk
not possible to
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modulate in frequency or phase on a
¢ycle by cycle basis.

Devices such as lasers do produce
coherent radiation. That is, the
radiation is all in step, in terms of
phase, and consequently can be
modulated on a cycle by cycle basis.

Lasers can provide signal sources
ranging from the - far infra-red
(1012Hz) right through to x-rays
{(1019Hz). At present no one device
can cover this entire range. Some are

spectrum, but most produce a single
frequency within this spectrum.

Many laser sources are still in the
exotic class and many problems
remain to be solved. A major problem
still outstanding is detection of such

high frequencies. To date the highest

frequency detected on a coherent
wave by wave basis {that is, not as an
incoherent bundle of energy as do
most photo detectors) is 88 376 245
000 000 Hz. This is the frequency of

well developed helium-neon laser. It is
just five times lower than visible light.
Above that it is still not possible to
detect the individual cyclic changes of
the coherent sources that now exist.

FURTHER READING

Most books on electronic circuits
cover the design of generators. Try
“Transistor Manual” — General
Electric, 1969.

Application notes for-1Cs also show

tunable over a limited part of the

30MHz 300MHz 3GHz 30 GHz
10m im 10cm 1cm

how to produce various waveforms.

T3xtms 3x1016 3x107  3x 10 Hg
100 nm 1pn 1nm 0.1 nm

the infra-red_emission fine of the now

300GHz 3x 101 3x 1013 3 x1i0M
1 mm 0.1 mm 10pm 1um

VHF UHF SHF 1
| FLIGHT | MICRO- | SPACE VISIBLE
TRACKING WAVE COMMS 1R SPECTRUM
i 1 HOMING |
= ]
, l Il J1 e gyt £
TRANSISTORS WMAGNETRONS & MM WAVE LASERS NO CURRENT
KLYSTRONS TUBES DEVICES

Fig. 9. Chart showing the various regions in the higher elgctromag
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ETI READERS ° pigial Alarm Clock {'}3.9 .

S inclusive

tic spectrum and the devices used in gach.

when we first came across this inexpensive,
superbly designed digital clock we knew that
ET1 readers would share our enthusiasm. S0
we have arranged a special consignment
carrying ETI's own name: Pulsar. Not
only that, but the price of only £13.95
{including postage and 8% VAT) is far less
than you will pay for this clock eslewhere.

Pulsar is of course fully built, tesied and
guaranteed — .znd is completely electronic
The dispiay is Planar Gas Discharge giving
very bright 0.7in high characters — 30O
bright in fact that there is a control on the

alarms cuts off but will start again after five
minutes. b
The photograph shows ETI's Pulsar as
close to full size as possible. The colon
dividing the hours and minutes flashes once
a second while on the left the small square
indicates p.m. .
Available only to U.K. and Eire reader
at £13.95.

‘Pack panel for reducing it!

There “is a full alarm facility: using 2
small switch on the back displays the alarm
time for setting. There is also a ‘snooze’
facility. You want five minutes more
sleep? Just tip Puisar forward, the ‘bleeper’
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Two tanks face each other across
a small mine field. The Black tank is
half hidden behind a concrete
bunker whiist its gun follows the
meanderings of the White tank
crossing the minefield. The driver of
the White tank makes a mistake: he
is heading towards the other in a
straight line. A line which coincides
with and ends at the barrel of the
Black tank’s gun. Black and White
fire almost simultanecusly and both
score direct hits. Each tanks Is
seriously disabled for a short period.
Black now rushes blindly towards
White hoping to get a favourable
firing position, praying that his own
gun will be back in action before
White's. White however uses the
recovery period to dash for cover
behind a bunker wall. He will
reappear from behind the bunker and
catch Black by surprise. But he
misjudges his speed and can’t steer
clear without clipping the corner of
the bunker wall. There is little

‘damage but time is lost in having to

manoeuvre out of the damage area.
Black has been watching White's
mistake and moves in to attack the
helpless tank. A wide malicious grin
spreads across the driver’s face as
White desperately tries to turn his
gun and fire. “Boom!”’ from Black's
gun. “'Splat!’’ as the shell explodes
against the bunker wall. ““Boom/{’’
Again from Black tank. Not from his
gun this time but from a mine which
he has run into. The driver falls to

the floor in a hysterical fit of giggles.

as White takes this opportunity to
manoeuvre into position and start
wildly firing in the direction of
Black’s tank. Every shot misses.and
Black has recovered enough to start
his tank spinning on one track with
the gun firing continuously. Within a
few seconds two shells have hit
White. Both drivers are now laugh-
ing and crying. Time has run out,
Black had won by nine hits to six.
The author, alias Black, digs 10p
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out of his pocket for the next battle
as Pete, alias White, goes to buy the
next round of beers

The tank game is one of the
latest of the TV games and it is
almost funnier to watch then to play
(especially after a couple of pints of
beer}. | found the game in ""Tatter-
shall's Tavern” in Knightsbridge
Green, London SW1, and | know of
one in an amusement arcade near
Victoria Station. If you see one stop
whatever you are doing and play a
battle, | can assure you that you will
become addicted very quickly.

The screen is split into three
areas. The left and right hand sides
look like a maze filled with white
odd shaped blocks of ““concrete’”’,
and the centre contains a minefield
with about 30 "‘mines’ . Each of
two players has one “‘tank’” mea-
suring about %2in. x %in. but
complete with turret, gun, body-and
two driving tracks. The tank is
steered by two levers each con-
trolling the speed of one of the

tracks. By pulling evenly on both-

levers the tank goes straight
forward but pulling on one lever
only causes the tank to spin around.
The gun is fired from a push-button
set into the top of one of the two
steering levers, firing rate is about
one shot per second with a pause
after about four shots. Each time
your tank is hit by a shell or by a
mine it flashes on and off for about
five seconds during which time you
have no control over the tank or its
gun.

The game is even more fascinat-
ing if you understand the basic
concept and logic of TV games. The
amount of logic involved in defining
each tank and controlling the turn-
ing of the tank is in itself probably
more complex than the total logic
for a TV tennis game. To define two
tanks, bunkers, mines, shells, var-
iable tank speed, firing rate and
other goodies that i haven’t men-

E.ECtrUniES by Jobn ITler-Hirkpatrick
JOmMOrrow

tioned must require a mini-com-
puter. With micro-processor sys-
tems still costing over £100 this
type of game is not yet really an
amateur constructional project but
many more will be seen in amuse-
ment arcades and pubs and even-
tually as “‘plug-ons’’ to consumer
TV sets.

An interesting point to mention
in passing is that the American
amateur constructor is now being
offered micro-processor chips and
M-P systems in the same way that
calculator chips and kits were being
offered a couple of years ago. For
about $1600 you can buy a com-
plete kit for an "Intelligent Termin-
al”” which you can program in Basic.
it will work by itself or it can be
connected by phone link to a larger
“"mainframe’’ computer system at a
bureau.

LOGIC GATE PRICES TUMBLE
About a year ago we compared
TTL gates to the new National
Semiconductors 74C series of
CMOS circuits. The comparison in
cost was about 2%:1. In other
words a 7400 was about 20p and a
74200 was about 50p. Since then
all CMOS prices have dropped
considerably and most prices are
now only just higher than the
equivalent TTL IC. When consider-
ing LSI systems the price per gate
comes down to ridiculous figures
with 3000 gate calculator chips
costing about £1.50 or about 20
gates per 1p. This is about one
hundredth of the gate cost in TTL
SSI and about one twentieth of the
cost of complex TTL MSI chips.
Extrapolating from MSI| and SSI
designed minicomputers, a 16 bit
processor (say 10 000 gates) plus a
32K word memory (256 000 gates)
could cost about £150. Add on a
few ISO controllers and interfaces
and you have a complete mini
computer for £200. Note the use of
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the term mini-computer as opposed
to micro processor which typically
has a lot less RAM storage attached
to it. Allow for metal boxes, plugs,
profit, labour, etc and you have a
complete business machine doing
payroll, ledgers, stock, etc for
£20004£3000.

A new technology threatens to
reduce this figure even more down
to the cost level of the pocket
calculator and incidentally reduce
the size of the main components to
that of the calculator. Integrated
Injection Logic (IL or [2L) first
became known in 1972 when
researchers at IBM in Germany
formulated the concept. Since then
Texas Instruments have produced
the world’s first 1IL microprocessor
and Fairchild have produced a 4K
RAM using IIL. With Fairchild now
moving into the watch and clock
chip markets after bailing out
CAL-TEX perhaps we can expect to
see lIL timing chips in the near
future. Texas Instruments might
well be intending to use lIL in their
TIFAX modules, in the Mark Il if not
in the Mark |; after all TIFAX is only
a type of microprocessor with a 8K
bit RAM added to it.

It is difficult to explain how IIL
works in a short articie; suffice it to
say that the average |IL gate has a
speed performance equal to TTL. a

power performance similar to MOS,
about a tenth the chip space of TTL
and about a hundredth of the cost of
a TTL gate. It may well be 1978
before
really competitive with PMOS,
NMOS or CMOS which are at
present about one hundredth of TTL
costs at LS| level. The final choice
may be on application demand as it
was with PMOS. Without the
consumer demand for calculator
and clock chips using PMOS the
price per chip and thus the price per
gate would never have dropped to
its present level so quickly. A large
quantity consumer application has
to be found for IIL, to enable further
research and quantity production to
be initiated. This consumer product
may well be in the form of a
microprocessor for TV games, TV
communication and Teletext appli-
cations. By the early 1980s you
may well be buying (or renting?) a
TV set with colour, stereo, time,
Teletext, games and computer ter-
minal ability for about £100 (or
whatever £100 is with 5 vyears
inflation added).

Another new technology that we
have heard about — GASMOS — is
in its very early stages of develop-
ment. It is claimed to use a fraction
of the power of CMOS and have
direct interface to seven segment

IIL costs start to become-

“mantle displays. The only gate we

have seen so far is the equivalent to
a 7402 NOR gate with a very vague
data sheet. One of the important
application notes warns against
testing for logic ‘I° with a naked
flame. We will keep you in touch
with developments in this promising
new technology.

SAGA CONTINUED

About 18 months ago we pre-re-
leased information on National
Semiconductors’ MM5 309 clock
chip. Two months ago we
announced that the chip was now
available — a bit prematurely.
Apparently NS were dissatisfied
with some part of the chip and have
withdrawn it before its release.
Release is now schedulied for about
Sept-Oct this year.

There was a mistake in the circuit
shown with the MM5309 connect-
ed to a 7489 RAM. It was suggest-
ed that the digit drives would drive
both the 7410 gates and the
multiplex transistors without
interface,in fact it is best to install a
7407 buffer to interface the digit
drives to the 7410 and transistors.
Thanks to_Mr Shorrock of More-
cambe for pointing this out after he
tried the same circuit using the
compatible MM5311 chip.

Eacironios Lid.
WINDSOR BERKS.
58/60 GROVE RD:
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3015F 0-9DP 1 ca. 793 Reg. 54§ ;_:(.13,(.,:,@__.2_22 SRS 1Ng ,’,;; T 3055 5p g‘;&aéu?ggﬁ et e
ZENON TLASH TURE 231 DIL S %7p  MCIALZ SQ F2.10  BC1177R/8  10p  TIS13 asenrrogs ST o F i P"“{L"o"
PSR ot 741 DIL 11 20p WL #9p  BCi1s7/8/9 12p ZTX1092301 13p E A L@ 5 6@,\
5 741 Topn  2ap MC1RA0 oxPre ©1  pe167/8/e  17p  1W0al 3p A\ oen Dz Y
E ES T@@j 13@, 747 2x711 Top  WIU50 55p BC177/8/@ 18p 1¥400% = 7 7p  pagwyEn CIRCUIT BOARD KIT <l.66
R : 748 DEL B 33p NES3R retOPs €2 BC18273/444210p  TVS148 3 011 19 pEcoN X0 MESS ETCH PAR NFY u0p
7805 5Y (1.1 NESH10 Driver &1 RC2I2/3/444511p 25697 19p  DECOX DESOLDER HRAID REFL. 59p
LS 209 STYLE ONLY L3p ea THIZ & 15 £1.1¢ NESOHQ 2vRef ifp BCY70/1/3 17p

TIL 2090 WITH CLIP RED 15p ea
TIL 21f & CLIP GEFEN 28p eca

INTEGRATED

76013 GW AF  £1  YEBRSS
8038 $IG GFX {3 3

Timér 55p BDI31 & 132 30p

BFRS51

2*‘?""“ L HEATSINKS

20p SF/TO5 = 1RF/T0O18 Sp ea.TV4 13p.

LARGE 0.,2" & CLIP RED 17p es g:\gg'-’g s BFRS0/ 51 25p up  TVR/TON 16p. EXTRUDED "4” V1 29p.

LARGE 0.2" CLIF GREEY 30p ea A3016 55p BER50/51 23 tip

506 STVLE OR . 2*ORANGE 29p 02 Ca3018 2 BFRAR. 230¢  sap ~75  TGS308 GAS DETECTOR £2.80 ea.

INFRA HED LED o1 .2N5777 iHip. €as052 £1.50 BFEH0/1/2 1ap Y3563 & A1 1Gp LOGIC PHOBE TTL TESTER PEX €5
N A0S <1 k 3 E PNI614 19p C S

LT_-;> H(RT@ [‘.@ 84@ LM300 2-20v £2 RSX19/20/2i 1Ap 284702 & 3 Op APACITOR:

I S @3l Luinl OPA  i5p v MJEZDLE a0p & CERAMIC 22pi to 0.luf SOV 5p.
TEC12 PROTO AMP/SCMITT/RELAY EM3n3 O-10v <3 SNTRG 1 nIER05S 45p % FLECTROLYTIC:10/50/100 ufl in
DRIVER or LED TTIL INTERFACE 81p  LWIOT QPA - dnp  SE7HAIT 18:1.25 ury13f PUT s 5 & 10v 5p.25v 6p.30v Bp.2uf/i0v 5o.

; ENIORRF G S0P SR TA D D g THe Spos ROANIED S5 P & 1000 uf/25v 18p.200/500 25v fp.

DAR1 & 0aP1  Gp

T1p 20 ¢ 30 52p
"\ TIP 31 & 32 690

SPECIAL OFFERS r oairECTTN

2%1033 FULL ILIGR SPEC 115% 37p

711C SPIX DIL ®7o. urcCionng 33p

LuRooE 5V 1138
Lu3F2 IF ¢1.80

TEARIN FWAF 1o
ZN114 RX 1 _ng-p POTENTIOMETERS (POTS) AB ar ®GIN
LIX or LOG ROTARY i3p.SWITCH 14:
DUAL 43p.SLIDERS 29P.STEREQ H7F
Knons 7?-3&2351’5 6pRESISTORS 1ép

$RITCHES: $PST 18p. DPDT 25p.

o MG

FLUOKESCENT LIGHTS 12V MADE IN UK
B WATTF 13~ €3, 13w 22" £3.50

NEW TRAMPUS “ULL SPEC PAKS

NEG55 TIMER 55p.ZN414 RX £1.00 =
U‘B‘THL ELDEH BC10D Op.2X381%e 14p. BFYS 15p ‘I;;:b: B 1_‘; 551: (l;gl)iqgu; ¢holce l Din pLuGs ALL 12p. SocxeTs 10p.
IC AY51224 4 DIGIT CLOCK :3.75 PAE C 1 2¥1055 ¢1.D 12 8C100 ¢l | ALI CASES AB5/aB7 S50p. 813 G5p.
W5311/1 A DIGIT CLOCK 7 1| TRANSFORMERS 1A 6vBv or 12viZy

W 0N TTL [

Only ©1.349.100mA type CT Z5p.

AL A TR 7473771/76 29p PAK J o 2X3053 $1.K 10 18014 £

CASSETT! pid ﬂg“?b) 7100 GATES 13p 7135 i5p 1 E"L SDEhEtS

me‘hﬂnlts B 7404 {NVERT 17p 37404 32p  BAERR I00mE 11/30V SUR 36D TENAS GOLD -
7301;2/10eteldp 7401/2/3/4 ZENEY DIODES 9p  TaGy /'l 55p  LOw PROFILE ea

XEW Rtk CARTRIDGE WECHANTSY 8

. : s 1A/ 1008 30
STEREQ CASSETTE MECHARISM t13.75 2838 fLPool (GF 20100 Sop  TA 0% 2np SOLLUEHCON STHIPS:

Suitable for "PW ASCOT° recorde - SC1460 TRIAC . e x
wifhdh?ads etc .SEND 13p* ;gronn-; 7470 & 7472 29p  F11I{&T41)T3p BRION DIAC 2ap 103 100V 75p 100 PINS S0p.IK €3, g |

7413 SCMITT 3ip CI06 & 7 SCH- i'ﬂ

7440 BUFFER 14p

74100 74175 €1

8.14.% 16 PIN 13p
74121 3ap

BRIDGE RECT
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techtips

ML1018 or any low-hvel switching FET
R1 R2'
-

10k

When the switch is closed {or the
FET conducting), circuit is behaving

VARIABLE BRILLIANCE LAMP EOR
D.C. SUPPLIES

A simple and inexpensive unit for
reducing the brilliance of a lamp and
at the same time reducing the current
drain, thus increasing battery life con-
siderably. A power saving does not
happen by merely inserting a resistor
in series with the bufb, hence the
reason for the above circuit.

Q1 and Q2 form an astable muitiz
vibrator, the RV1 varying the mark/
space ratio, The output from Q2
collector is fed to Q3 base, either
satuating Q3 or turning it off. Varying
the mark/space of the {amp,

A notable point is that as Q3 is
either fully ‘on’ or ‘off it need not
be a high wattage type. As an

THERMOCOUPLE THERMOMETER

The circuit illustrated was devised to
provide a low-cost, sensitive thermo-
meter for measuring temperature
differences. The transducer used is a
thermocouple consisting of two wires
of the same metal, often copper, joined
at the two points A and B by a wire
of different metal, This thermocouple
pair generates a small voltage differ-
ence across the points A and B when a
temperature difference exists between

SIGNAL TRACK AND HOLD CIRCUIT v 1

s1

51 81 TIME
OPENED CLOSED OPENED
as an_inverting amplifier with .a gain is held constant by the capacitor, the
of R—f. As the inverting terminal of current demands of the next stage
the op amp is a virtual earth, the being met by the op amp. Note that
capacitor is kept charged to the out- the value of C should be chosen such
put voitage by the op amp. When the that its impedance at the operating
switch is opened {and the FET non- frequency .is large compared to R1
conducting) the voltage at the output and R2.
= RY1 Bl +Qv
MIN MAX
== 8v
220k BULB
1.2k LIN et
10K 10k
0.01uF
f 0.014F a3 2N3702
1 N T TR3
- _I P
a1 a2
BC108 BC108

example, when Q3 is satuated, Vce =
0.3V approx, and the famp current is

the junctions aandb . This voltage
varies almost linearly with tempera-
ture for differences up to about 1000C,
although this assumption should not
be made in calibrating the thermo-
meter for accurate measurement.

A 741 is used (IC1} for amplifying
the small voltage difference between
the points aand b enabling a rugged
voltmeter to be used to display the
temperature difference. The potentio-
meter is used to set the meter to
zero; values of Tk makes setting

0.2A the power across Q3 is W=V x 1
=0.3x0.2=0.06.

easy when measuring small tempera-
ture differences. However, it may
prove necessary to adjust the value
of R1 or R2 if zero setting cannot
be obtained. If fairly large tempera-
ture differences are being measured,
VR1 could be increased to TkE2.

The sensitivity of the circuit is
controlled by the full scale defiection
of the voltmeter chosen, on the sett-
ing of VR2 (the voltage gain is the
ratio VR2/R3). and on the choice of
metals in the thermocouple. if the
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Tech-Tips is an idsas forum and is not aimed at the beginner.
We regret we canngt answer querias on these items.

ETI is prepared to considsr 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 ba sent to the Editor:
Electronics Today Intsrnationai, 36 Ebury Street, London
SWIW OLW.

gain of the circuit is set high (at METAL 1 METAL 2 3
1,000), electrical noise pick-up and ooy {eg Eureka or
drift become serious problems and it fron)

is advisable to assemble the circuit
in a metal, earthed box and to ensure
the unit is kept at constant tempera-
ture.

For best results, the power supplies
should be stabilised and balanced
Capacitors C1 and C2 filter out any
electrical noise on the power supply
leads; if the thermocouple leads are
long, a similar value capacitor across
aand b should be used for the same
reason. VOLTMETER

Calibration and use of the thermo- i
meter is carried out by immersing one
junction in a liguid at a reference
temperature, say melting ice, and
using the other junction to monitor
the changing temperature.

R2
o= 1002
c2

0.01uF

Connections to 1C1 are for 8 pin DIL version of 7477

AUDIO AMPLIFIER

In this circuit @ 741 is used to drive a split supply of 9—0—-9V. non-inverting input of IC1 via C1.
complementary output stage from a The input signal is coupled to the The amplified output signal from
the IC used to drive Q1, which is
connected in the emitter follower
maode.

Q2, in Q1's emitter circuit, pro-
vides sufficient bias for Q3 and Q4
to eliminate crossover distortion and%
prevents thermal runaway in thesei
transistors.

R4 sets Q1's current at 44mA.

The jow value resistors, RS and:
R6 in the emitter circuit of Q3 and
Q4 shoutd be wire-wound types with a
minimum rating of TW.

Overall feedback is provided by
R3 and R2, C2 is incorporated” to
roil off the response at R.F.

Q3 and Q4 should be a matched
pair and require a heatsink of at least
12 sq.in. of 18swg aluminium sheet
from which they should be insulated
with mica washers and nylon bushes
in the usual manner.

N Before use the circuit must be
ADI6Z correctly set up. This is accomplished
+R5—6.=0 47 /1W. by adjusting PR1 so that the voltage

at the junction of R5 and R6 is OV.
—9—12v This must be done before connect-
PRS- ing the speaker.

912V
e
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A DUMMY LOAO FOR HIGH POWER AMPLIFIERS

This dummy load will replace the
normal big loudspeaker system needed
when testing amplifiers of up to 100W
rating. The power is absorbed as heat
in large resistors and this power can be
measured by putting a multimeter (set
tp 100V a.c.) across the measuring
terminals and using the formula 5
{R.M.S. Voltage)

R.M.S. Power =224 Resistar?c‘e

At the same time the amplifier can
be heard at low volume by plugging a
small loudspeakerinto the ‘EXT. L.S. "
socket,

The switch gives a choice of 100W
dissipation at 8 ohms or B0W at 15
ochms.

The

resistors are Labgear

SOUND EFFECTS GENERATOR

MEASURING
TERMINALS 790
EXT
LS. SKT

e

YJ PL11040 (obtainable from The

Radio Shack, 161 St. John's Hill,
iondon S.W.11.) which have one sect-

[

G c2 == R?
1to 0.001 to 12082
1006F | 0.09F

—

Interesting sound effects are produced
by the circuit shown in the figure.
The sounds generated by the speaker
LS arise from the coupling of two
unijl:snction transistor oscillators by

FUZZ BOX FOR ELECTRIC GUITARS

means of the resistor R6. The circuit
allows considerable scope for experi-
menting with the values of the timing A
capacitors C1 and C2.

As soon as switch S1 is closed, both

ion of 36 ohms at 26W and one section
of 79 ohms at 9W. They should be
mounted in a well ventilated box.

C1 and C2 begin to charge via resistors
R2 and R3, respectively. Owing to the
smaller time constant of the R3/C2
combination, UJT Q2 discharges be-
fore Q1, the pulse being fed to the
speaker via C3 and the Darlington-pair
amplifier consisting of Q3 and Q4.
Meanwhile C1 is much more slowly
charging so that the next time that
C2 begins to charge there is small

‘voltage afready on its upper plate and

a shorter time elapses before Q2 fires
once again. Thus Q2 fires faster and
faster until the voltage on C1 is
sufficient to fire Q1. The cycle then
repeats. The sound heard consists of a
tone of rising pitch which abruptly
stops as Q1 fires and then repeats.
For starters, make C1 10uF and C2
0.1uF. Note that R2 and R3 may be
varied and these could be pots. R8
may require some adjustment to suit
the gain of the Darlington Pair amp-
lifier, Q3 and Q4.

This circuit has been well tried by
many musicians and has proved very
successful.

Q1 and Q2 form a voltage amp-
lifier which has sufficient gain to be
‘overdriven’ by a relatively low input,
such as an electric guitar. The result
is that the output from Q2 is a
‘Squared-Off’ version of the input,
giving the required fuzz sound.

RV1 adjusts the amount of neg-
ative feedback inserted into the circuit
by C2, and thus the amount of squar-
ing of the signal. The purpose of R3-
and R4 is to lower the output voltage
to a suitable level, -‘which is then
adjusted as required with the volume
control VR2,
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MAKE YOUR
CALCULATOR
RECHARGEABLE!

(amongst other things!)

Ni-Cad. 1.2V rechargeable
batteries

HP7 size

Charging 45mA/ 15h

Capacity 450mAh

only £1.95 for TWO!!

including p.&p. and VAT

SN

Write to: Dept. ETI
GUILDFORD CALCULATOR CENTRE
181 High Street, Guildford, Surrey
Telephone: (0483) 35014

ELECTROVALUE

IMPORTANT ANNOUNCEMENT
PRICE STABILIZATION CATALOGUE DISCOUNTS

1 915 is the year of challenge. Rather than sit back
and wait . for things to happsn, we have
produced our own policy to help stabilize price structure
and maintain the servicas which have made ELECTRO-
VALUE pre-eminent.
PRIGES as shown in our latest catalogue {No. 7. issue 3)
are being maintained ‘at least until March 31ist 1975
{except in severe cases of market fluctuation) and then
held after review for further 3-month periods instead
of making day to day price changes.
CATALOGUE No. 7. ISSUE 3 is now ready with 108 pages of
bargains and information. Price—30p post paid, including
25p refund voucher for use on orders for £5 or more.
DISCOUNTS apply on all items except the few where prices
are shown NETT. 5% on orders from £5 to£14.99: 10% on
crders value £15 ar more.
FREE POST & PACKING in UK. for pre-paid mail orders over
£2 lexcept Baxandall cabinets). If under £2 there is an
additional handting charge of 10p.
QUALSTY GUARANTEE—AIl goods are sold on the under-
standing that they conform 1o makars' specifications. No
rejects, seconds or sub-standard merchandise.

SUPPLIERS OF GUALITY COMPONENTS AND
SEMI-CONDUCTORS AT COMPETITIVE PRICES

ELECTROVALUE LTD

All communications to Dept ETT3
28 ST. JUDES ROAD, ENGLERIELD GREEN, EGHAM, SURREY TW20 OHB.
Telephone Egham 3603. Telex 264475.  Shop hours: 3-5.30 deily. 9-1 p.m. Sats.
NORTHERN BRANCH: 680 Burnags Lane, Bunage, Manchester M19 tNA.
Telephone 061} 432 4345,  Shop hours: Daily 9-5.30 p.m.; -1 p.m. Sats.

U.S.A. CUSTOMERS are invited to contact ELECTROVALHE AMERICA. P.0. Bax 27.
Swarthmere PA 19081.

'33PC
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NEW! |
® coo [

the decon-dalo

Quick-Dri
etch-resist
marker

o

a3
b

7

' Y4# A unigue drafting aid for the

electronics engineer enabling him

to prepare in minutes a perfect PCB

A fine-tipped marking-peri charged

with free-flowing etch-resist ink —

new formulation QUICK-DRI ink

is ready for etching in just two

minutes!

Simply draw the desired circuit

onto copper Jaminated board —

etch — clean.

The circuit is ready to use

=1 S

NO MESS —~NO MASKING
A perfect circuit every time !

Still only £1.00 for one-off, £4.00 for six, £8.00 for twelve
VAT and post extra. Available now in every country
1 Europe.

Decon Laboratories Ltd., Ellen Street,
Portslade, Brighton BN4 1EQ Phone: 0273 414371

Please send me further details on the 33 PC Quick-Dri !

|
| Name . i I
l i
| Address Bt e rom. S a i e
1 i
| Postto: DECON LABORATORIES LTD. i
| FREEPOST 1
| PORTSLADE,BRIGHTON,ENGLAND |
t (No Stamp Needed) Phone 0273 414371 |
___________ PR ——
67
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TELETYPE 28

TELETYPE 28 without key-
board. Good condition (can be
-used as receive only) £42.50.

TELETYPE 28 with housing,
keyboard and Power supply
£55 ea.

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,

— - ————

'FHACHI VCO MODULE FX11—10—100KHZ

Ex BEA

Control Units by Univac.

Consisting of 2 -50way plug/sock-
et; 3 multiway switch assembly; a 2
& 4 decade push button assembly
electrical reset; etc. Very good
value. £12.80 each.

A. B. POTENTIOMETERS LIN

Size 2 x 1% x %"H. Input 12V to 24V DC {not centre tapped) 18V input giving
10V constant amplitude output. Requires only a 1 meg ohm potentiometer to
tune entire range—or can be swept with a saw tooth input.

Price £5.75 P&P 20p

100K + 100K DUAL GANG. 25p each.
Discount for quantities. P&P extra

FHACHI RAMP MODULE
FX21. 24 Volt DC input for 18 volt
saw tooth output. Requires only
external eapacitor and 100K ohm
potentiometer to contral frequency
range up to 100KHZ {(eg 50 mtd
electrolytic gives sweep of approx 1
¢m 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.

12”-CRT Magnetic Deflection. Blue
Trace Yellow Afterglow (P7). iInfor-
mation and recommended circuits
with afl purchases. Brand new boxed.
£4 each. Carriage £2.

-

100MHZ SCOPE TUBES. Mullard
D13-450GH-03. P31 Phosphor In-
ternal graticule — Bcm x 10Cm rec-
tangular. Y sensitivity 3V per cm. X
sensitivity 11V per cm. Singte gun.
Distributed Y plates. Trace rotete
£oils. Brand new boxad. £30 ea. Car-
riage £2.

GRATICULES. 12 cm. by 14 cm. in hgh
Qugtity plastic, 15p each. P. & P. 8p.

PANEL mounting lamp holders. Red or green
9 ea.

BECKMAN MULTITURN DIAL
Modet RB. Brangd new.
€1.90. P_& P. 15p.

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand new. Single or
Double sided. Any size 1ip per
sg. in. Postage 20p per order.

LIGHT EMITTING DIODES (Redi from
Hewlett-Packard  Brand New. 38p ea.
Information Bp. Holders 1p.

METERS by SIFAM M a2, 25-0-25
micro amp. Scaled 25-0-25 green: 250-0-
250 red: linear, As paw. £2-95 03 P_& P. 37p.

BLOCKX PAPER CAPACITORS AVAIL-
ABLE. S.AE. winh requirements

PHOTDCELL eguivalen; OCP 71. 13p ea.

STANDARD 2 meg. log pots. Current type
15pea.

INSTRUMENT 3in. Colvern 5 ohm 36p ea.;
50K and 100K 30p ea.

BOURNS TRiIMPOT POTENTIOMETERS.
20; 50; 100:20Q; 500 ohms: 1:2.2.5;5: 10;
25K at 350 ea. ALL BRAND NEW

[ TELEPHONES
MO

DERN STYLE 706 BLACK
OR TWO-TONE GREY £3.75
each. P.&P. 45p. STYLE 7006
TWO-TONE GREEN and GREY
£3.75 each. P.&P. 45p, 'HAND-
SETS—complete with 2 insets
and lead 756p each. P.&P. 37p.
gFI,ALS ONLY 75p each. P.&P.

0.

N STANDARD TELE-
yn-?grfgs N GREY OR GREEN
WITH A PLACE TO PUT YOUR
FINGERS LIKE THE 746. £3.00
each. P.&P. 45p. g ¥

RELIANCE P.C.B. mounting. 270: 470:
500 ohms: 10K 3t 355 sa. ALL BRAND NEW.

VENNER Hour Meters—5 digit. wail mount
—sesled case. Standard mains. £3-75 ea.
P.& P. 55p.

TRANSFORMERS. Al standard  inpurts
Gora/Parm/Part. 50-400-0-400 450.
MA. 2 X 6.3v. £3 eo

180

FANTASTIC VALUE !
Miniatwre Transformer. Standard 240V
input: 3volt 1 amp output Brand New,
65p each P. & P. 20p. Discoumt for
quantwy

CAPACITOR PACK 50 Brand new compo-
nants only 50p. P_& P, 27p.

P.C. MOUNY SKELETON PRE-SETS.
Serewdfiver adjust 10: 5 and 2.5M & 2p ea.
1M, 500. 250 ana ¢»r i ap ea. Finger ag-
just 10. 5 and 2.5M 7@ 3p eaa. 1M, 500. 250
and 25K @ S5p 2a. Min P & P 15p.

1000pf FEED THRU CAPACITORS. Cnly
sald 0 packs of 15—30p P & P 15p

RECTANGULAR INSTRUMENT FANS.
Amaerican Ex-equ. Size 41 x 43 x 11" 115
Volt, Very quite £33 ea. P. & P.47p.

DELIVERED TO YOUR DQOR 1 cwt of
Electronic  Scrap chassis. boards, ewc. No
Rubbish, FOR ONLY £4. N, lrcland £2 extra

P.C.B. PACK S & D. Quantity 2 5q. ft.—no
tiny pieces. 30pplus P. & # 20p. =

TRIMMER PACK. 2 Twin 50/200 p! ceramic:
2 Twin 1O/60 pf ceramic: 2 min sirips with 4
preset 5/20 pf on each: 3 air spaced preset
30Q/t00 pf on ceramic basg. ALL BRAND NEW
25p the LOT. P & P_15p,

M
ALMA pracision resistors 200K: 400K 497K;

998K: 0-1% 27p ea.0 3.25K. 5-6K. 13K-0-1%
ea, ¢

RELAYS
Varigy VP4 plastic covers 4 pols cfo 15K—
33p: 5 HK—40p #a.

T
HIGH-VALUE ~PRINTED BOARD PACK.
Hundreds of components. transistors. etc—no
two boards the same—no short-leaded transis-
05 comnuier boards £1 78 post pard

La:ae quantity LT, HT, EHT transformers and
chokes.

Vast quantity of quality componenis
—NQ PASSING TRADE—30 we offer
3 LB. of ELECTRONIC GOODIES
for £1.70 post paid

CRYSTALS. Colour 3.43MHz. Brand New.
£1.25 ea. P. & P. 15p.

Beehive Trimmear 3/30 pt.
Brangd new. Oty 1-9 13p ea P. & P 15p:
10-99 10p ea. P. B P. 25p: 100-999
Tpea P.&P.tree

HF Crystal Onive Unit. 19in. rack mount.
Standard 240V input with superb crystai oven
by Labgear {no trystais) €5 ea. Carr. £2:00.

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

RESETTABLE COUNTERS—4 digit
by Stonebridge/Sodeco. 1000ohm
coil. £ ea. P.&P. 35p.

YOUR MANUALS

DON'T FORGET

SAE WITH
REQUIREMENTS

P. & P. 35p,

LOW FREQUENCY WOBBULATOR

For alignment of Receivers, Filters etc. 250KHz to & MHz, effective to 30 MHz on harmonics. Three controls=—RF devel
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 1|1-50

Both models can be used with any general purpose oscillpscope. Requires 6.3V AC input. Supplied connected for automatic
50Hz sweeping. An extemnal sweep voltage can be used instead. These units are encapsulatad 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. Boa:d, ready to use.
9 1 12V supply required. £8-85 each. P. & P. 25p. Sine Wave only
£6-85 each. P. & P. 25p.

WIDE RANGE WOBBULATOR

s
H

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

All this for onty £5.-75. P. & P. 25p. (Not cased, not calibrated.}

e —

TRANSISTOR INVERTORS

TYPE A
Input: 12V DC

TYPEB
Input: 12V OC

COutput: 1 3kV AC 1.5MA § Dutput: 1.3xV DC 1.5MA [Dutput: 1.5V 10 4kV AC D.5MA

Piice £3.45 Price €4.70

TYPEC
{nput 12V 10 24V OC

Price £6.35
Postage & Packing 36p

TYPED
Input 12V to 24V DC

Dutput: 14kV DC 100 micro amps at 24V
Progressively reducing for lower Tnput vofrages

Price £11

MAKE YOUR SINGLE BEAM SCOPE INTO A
DOUBLE WITH 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.

1

Unioss stated — ploase add £2.00 carriage to all units.

VALUE ADDED TAX not included in prices—please add 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9am to 5.30pm Mon to Sat.

o (SHILTIMEAD |
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F11 TOP PROJE
Nlll

CONTENTS

AUDIO

100W GUITAR AMPLIFIER . . - . .

Rugged, high qualfty circuit handles 100W continuous power
MIXER PREAMPLIFIER .

Simple circult for use with 100W guitsr smp

MASTER MIXER

Major project gives profamanul performance

SIMPLE AMPLIFIER

1.5W amplifier using discrete components

SIMPLE LOUDHAILER

A few componénts — a fot of power

TEST GEAR

WIDE RANGE VOLTMETER o

Solid-state circuie has 22 ranges — from 10mV to IDOOV 2. /d.c.
TRANSISTOR TESTER

Basic Cirtuit measures gains up o 1000

FET BDC VOLTMETER . MR A

Cheap-to-bulid with 10MSL input impedance!
OSCILLOSCOPE CALIBRATCOR

A circuit to build into your “scope

AUDIO ATTENUATOR 5

Provides 0-5908 artenuation in 18 steps

FOR THE MOTORIST

ELECTRONIC TRANSISTORISED IGNITION .
A popular design to improve your car’s performance
THE REVEALER

Is tnare metal or filler underneath rhe pamt?

‘BRAKE LIGHT WARNING

Dashboard indicator shows when brake I:ghrs are 0. k

FCR THE PHOTOGRAPHER

PHOTOGRAFPHIC TIMER

Provides accurste fiming 6f photographic pmcems

SOUND OPERATED FLASH

Can be triggersd by soything from & dropping pin ta @ ﬂm’ndcn:fap

FOR THE HOME

TEMPERATURE METER .

Gives @ metar reading — even at a distance
UHF TV PREAMP

One transistor circuit peps up weak s:gnaf:
BURGLAR ALARM

A variety of alarm circuits are a‘escnbed

MISCELLANEOUS

LOW POWER LASER :

Build your own lascr for abour £100

COIN COLLECTOR METAL LOCATOR .
Sitmple but sensibve Circuit

EASY WAY TO MAKE P.C. BOARDS
Soives mesty painting and hours of time
TECH-TIPS

A collection of circuit ideas for me axoenmenrer‘

PROJECT BOOK No.1 NOW ONLY
AVAILABLE DIRECT FRCM

IF BOTH

-DIGITAL STOPWATCH

Tl TOP PROJECTS
No.2

CONTENTS

AUDIO
SPRING LINE REVERBERATION UNIT _ .

Buift-n mixing and sterga ageration
5OW STERED AMPLIFIER . . .
A full 50V per chanel from our high quality design

QVER LED

A visual indicator of the onset of clipping

PLUS TWO ADD-ON DECODER g
Adapt yowr stereo amplifier to full four channel SO

FET 4-CHANNEL MIXER .

Four channel audic mexer cammnes gawn plus rnpur rsa!anan

STEREOQ RUMBLE FILTER

2408/ octave filters improves hi-fi sound
SUPER- STEREQ
Unst sejuses the wadth of your stereo’s effective image

TEST GEAR
AUDIO WATTMETER

Unee gives direct readings of output power

LINEAR 1.C. TESTER .

Test mast common 0D 8Mps !ar !h.rce vitat pa:amelws
LOGIC PROBE
Indicates state of Iogic circwits for amaleur arrd proless:onal use

1.C. POWER SUPPLY
Simple yet rugged power umt 15 varisble fmm lii 1o rsv

FOR THE MOTORIST
TURN CANCEL INDICATOR

Electronic unit cancels wndicators automatreally
1GNITION TIMING LIGHT

Qotain 7 and
AUTOMATIC CAR THEFT ALARM

METER BEATER .
Simple 555 based umer for 3voidig

% EORD PLAYER
s inexpenswe W ILC

quality of your photo prints
PERATURE ALARM
ndger or over témperature wwill aclivale this alarm

TAPE/SLIDE SYNCHRONISER .
Tone operated circuit Synchronises siide projector e fape deck

MISCELLANEOUS 5
FAMILY FERRY. 4 % A =3 S6

Eiecrionie version of an old game

NI-CAD BATTERY CHARGER . e B < A os
Universal charger handies most mickei-cadmivm cells
AERIAL MATCHER _ .

Peak up your short wave signals

- 100

£ 102
Measure elapsed tme electroaically with this unit
EARTH RESISTIVITY METER
How to explore deep under the »-.mh s surface
PROJECT BOOK No. 2 AVAILABELE FROM YOUR
NEWSAGENTS. IN CASE OF DIFFICULTY,
SEND COUPON

110

’ COUPONS ARE
SENT TOGETHER NG 2\;7”%:9" Qgg
. SIMPLY IGNORE =%
POSTAGE: :
. SEND £1.50
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CLOCK CRYSTAL TIMEBASE

32.786 kHz QUARTZ CRYSTAL: High accuracy/stability for

clock and watch timebases. Can be used with CMOS divider &

logic to provide stable 50 cps. £3.60
50 cps KIT — will"provide 50 cps for clock IC's giving tme

SINTEL — SPECIALISTS IN CMOS
RCA — MOTOROLA — SILTEK only
UK’s Widest Range of CMOS — all devices below in stock at time of
going 1o Press.

accurate to within a few seconds a month. Kit consists of PCB, CDA000AE 0.21 CD4032AE 1.77 CD4063BE 2.22
32.768 kHz X1al. CD4011, CD4020, CD4025, trimmer, C's, CD4001AE  0.21 CD4033AE  2.48 CD4066AE 1.05
R’s, IC sockets. Also ideal for car and boat clocks. £7.35 CD4002AE 0.21 CD4034AD 8.26 CD4068BE 0.26
ALARM CLOCK KITS CD4006AE 1.47 CD4035AE 1.63- CDA0O69BE 0.26
Complete kits except for case for 4 or 6 digit alarm clocks with CD4007AE  0.21 CD4036AD 7.88 CD4AQ70BE  0.26
Hhes A di P ; CD400BAE 1.63 CD4037AE 1.83 CD4071BE 0.26
p alarm, sncoze and intensity control. using MK50253 IC
and DL704E displays. Kits also i . o B CD4009AE 0.67 CD403BAE 1.80 CD4072BE 0.26
ys. Kits also include: PCB's — active and

passive components — |C skt — miniature transformer — CD4010AE  0.67 CD4040AE  1.86 CD4073BE  0.26
switches — flat cable — LS CD4011AE (.21 CD4041AE  2.02 CD40768E  1.63
SUCCESS GUARANTEED: 1o encourage even the least CD2012AE  0.21 Cg:g:g:g 137 5 goig7ggE 8'65
experienced constructor we happily undertake to repair free of. CD4013AE 0.63 Cl 2.02 D40788E -26
: : CD4014AE 1.62 CDA044AE 202 CD40B1BE 0.26

charge any clock which does rot function perfectly when CDA015AE CD404EAE 2.2 ©D40828 036
Sl 2 COAQIGAE 0.5  CDAGIGAE .03 CDAOBBRE 117

4 DIGIT ALARM CLOCK KIT: £18.06 o < :
CD4017AE  1.63 CD4047AE 1.37 CCA0B6BE  1.17
6 DIGIT ALARM CLOCK KIT: £19.86

CD4018AE 2.29 C04048AE 0.78 CD4095BE 1.82

IC’s CD4019AE 0.73 CD4049AE  0.62 MC14501CP 0.32.
MK50253 12724 hr B digit alarm clock £5.60 CD4020AE 1.82 CD4050AE 0.62 ‘MC14502CP 0.65
MKE0206  Appliance Timer A £11.50 CD4021AE 1.63 CD4051AE 257 MC14508CP 4.20
MK5030 CMOS LEI_D watch IC with date and seconds £19.50 CD4022AE  1.69 CD4052AE 2.57 MC14510CP 1.26
MM5314 4 or 6 digit clock, 12 or 24hr £4.44 CD4023AE 0.2% CD4053AE 257 MC14511CP 1.95
AYE1224 4 digit clock £4.25 CD4024AE 1.16 CDAQS4AE 1.96 _MC14518CP 1.87
DISPLAYS: CD4025AE 0.21 CDA4055AE  1.96 MC14520CP 1.87
DL704E 0.3" common cathode 7 segment LED Only 85p CDA4026AE 1.96 CD4056AE  1.96 MC14528CP 0 B7
5ELTO1 0.5" 4 digit green flourescent 7 seg £5.80 CD4027AE  0.91 CD4059AD 16.10 MCt4553CP 4.07
DL707 £1.70 MAN3M 48p FND500 £2.20 CD4028BAE 1.40 CD4060AE 2.29 MC14566CP t.21%
DL747 £2.45 NSN33 £1.65 FND5000 95p CD4029AE 1.96 CD4061AD 20.03 MC14585CP 1.45
CD4030AE 0.85 CD4062AT 7.33 MM74C14N 1.16

SUPPORTEING ICs, PCBs, HARDWARE
7447 £1.05 7448 85p 75491 81p 75492 £1.02

CD4031AE 4.05
RCA 1975 CMOS Databook: 400 pages of data sheets and 200

g:?;: ?ésgaz(:,ca;%lo‘;ga irDr\lzl-’l‘(OS%EZ 50 é;ig pages of circuits, applications and other useful infarmation.

20-way Colour Coded Flexible Flat Cabie £1/metre ; o, _ £2.30 {no VAT) + 37p p&p
SOLDEACON DIL SOCKETS: (in strips of 100} 100+ 50p/100 Telephoned or” written orders wetcomed from Polys, “Universities.
Low cost sockets for TTL. CMOS. displays, ICs 1000+ 40p/100 Nationalised industries. Government Depts, Rated Companies. etc.
Send sae for sampie. 3000 + 35p/100 % ALL ORDERS ARE PROCESSED ON DAY OF RECEIPT.

Goods are despatched by First Class Post.
ADD VAT at 8% — {25% rate does not apply to any of the above).
10p p&p on orders under £2

35p Air Mail p&p (E :
o = p&p (Europe
(No VAT on Export orders 70p (Overseas) :

53a Aston Street, Oxford
Tel. 0865 43203

28 pin Zero Insertion Force Socket for easy insertion and
extraction of LSE IC's where much.handling is required .00

MODULES (add 25% VAT 10 these)

LG110K Logarithmic Voltage Controfled Osciltator £5
FX110C Low Frequency Function Generator £4.85
SINTAL SOUND LAB KIT: LG 110K plus FX1100 £9

ADD VAT AT 8% (except for modules above)

GIVE YOUR TELEVISION
HI-FI SOUN

-exclusive tuner
constructional design

Our TV tuner receives the signal from the TV aerial and
produces an audio signal which can be fed into your hi-fi
equipment. The result is not only high quality sound but also a high
quality video signal which can be fed back into your set to
improve picture quality. The tuner consists of a printed circuit board
which can be either mounted in a small cabinet

orinstalled in existing equipment.
Full details in this issue. We've also

got a feature on progress in multiphonic
| organs and a resistor survey.

e

f

WirelessWorId

OCTOBER ISSUE, 35p _ J
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Don't miss your copy of

OVER 5,000 ITEMS - largest UK range of
electronic components for home
constructors.

200 PAGES — every aspect of electronics and
components for amateurs and hobbyists —
kits, projects, test gear.

DOZENS of new lines and new ranges.
MANY price reductions throughout the new
Catalogue.

A Discount Voucher with every copy, worth
50p.

FRE
Write now for your copy, enclosing 65p remittance.

HenrYyS *

303 EDGWARE ROAD, LONDON W2.

- 10 NTS
O EDUCATIONAL ESTABLISHME
Ivhen ordered on ofticial notepaper.

QUARTZ

ENGINEERS
»

% chows how!
YOURSELF FOR A S

BETTER JOB -~ MORE PAY!

Do you want promotion, a better job, higher pay?
“New opportunitics” shows you how to get them throughi
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 bej
read by every ambitious engineer. Send for this helpful
76-page free book NOW! No obligation, nobody wiil call;
on you. It could be the best thing you ever did. '

CHOOSE A BRAND NEW FUTURE HERE
mm s CUTOUTTHIS COUPON mum s mivg

Tick or state subject of interest. Post to address below.

CHRONOMETER

“The range of Electio Systems and Timing
electronic chronometers is now available in kit
form.
send S.A.E. for full details.

Telephone PENN 4661 (STD code
049481).
Trade and oversaas enquiries welcoma.

PRICES KiT | ASSEMBLED & TESTED
401-4 {Hours. minutes} £38.75 +£49.40
401-6 (Hours. minules, seconds) £43.75 £54.60
401-4-R (As 401-4, with Ni-Cd battery) £52.50 £63.70
401-6-R {As 401-6. wj(h Ni-Cd battery} £57.50 £68.90

No VAT required for overs=as ordeia, DUt adu 103 fgr ar parcel post
— Add 8% VAT U.K only; pastage and packing included

OUTSTANDING FEATURES OF THE MODEL 401 DIGITAL CHRONOMETER
One second per month accuracy at 20°C
3 MHz AT cut quartz erystal used for best possible temperature stability
All versions provide secunty against timing inaccuracies caused by mains-bome
interference and short tcrm mains frequency variations
Rechargeable nickel-cadmium battery versions offer not anly portabihity but also
peotection against oLtright mains {aiiuve; may be left on charge continuously
Rugged mechanical design ensures raliability for portable use
Large, boghi and easy 1o read LED disptay; 24 hour or 12 hour modes opliana’
2207240V mains or external battery operation 1 10V version also avaiiable
Weight O Skg. Width 13cm, depth Scm. height 10cm {12¢m with stand)
No-cost extras inglutie precision engineered adjustable metal stand and power
umit/battery charger
12 month guarantee for correctly assembled kits and ready-built chronomeers.
Low cost ~Get-you-going ~ service for kits, it required
* All components nacded are supphed in kits, including wire. screws and case

COMPREHENSIVE INSTRUCTIONS SUPPLIED WITH KITS

- — g

*H%H* N M

*

r—-—————————————

| To: ELECTRO SYSTEMS AND TIMING CO. . .
48 Robinson Road, Loudwater, High Wycombe, Bucks.. HP13 784 I
| ENGLAND
Please supply: |
O 40124 kit (] 4014-R kit [} 4014 assemb. & tested 401-4-R assemb. & tested I
| O s016ki ] 401-6-Rkit {| 401-Bassemb. & tested 401-6-R assemb, &(esmd'

UK. residents add 8% VAT)
Name .

Address .

— e —

| | ENCLOSE CHEQUE/P.0. FOR ¥

AN e R IR

| DR
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_58'0Q’ & ‘A’ Level Subjects
I —over 10,000 Group Passes!

l ELECTRICAL RADIO & TV DRAUGHTSMAN- I
E?«GlNEF:RlNG Colour TV Servicing  [] P
City & Guilds C.&G. Radio, TV and Fastitutcol
Wiring and Electronic Mechanics R LSS
Installations = . .00, Enginccring £l
I €. G.Elcetrical ?f,“é:‘:‘dw acd Bfm_.lghtsmcn & . l
-Pri =N esigners
;Ef:cr:"é{e‘g:?gal Radio Servicing. General Draughts- ‘
Eng. Maintenanceand manship 0
& Repairs 0 [T Architectural
AERONAUTICAL Practical Radio & Draughtsmanship [0 =
ENGINEERING Elccironics(with ~ _ Technical Drawing ]
I AirRegistration selfbuild ki "L l
Board Cortificaics | RadioAmatcur's
Gen. Acto Exam T CONSTRUCTION
l Lngincering 1 FLECTRONIC &BllJlLDL\"G l
AUTO ENGINEERING Instituteof
I ENGINEERING Gen. Elecironic Building 0 I
City & Guilds Auto Eng. |7 Construction
Engineering Practical Elec- Surveyor’sInsL. i
I Practice H tronics(with kit) Clerk of Works
Inst. Motor Diploma O
Indusiry 1 AGRICULTURAL C. & G. Building
I M.AATM L ENGINEERING Quantities _ | 13
Management = Gieneral Building g
Diploma o REFRIGERATOR GeneralCivil Eng.
I s SERVICING Heating, Ventila-
3 5 1y ting & Aar
E?nﬂnl%ci:si% O aECHANICATL Conditioning o
I Maintenance ENGINEERING Carpentry &
Motor Mcchanics Society of loinery - [
Service Station Engineers 3} Painting &
and Garage lniit:rF.nEm_:grs & I'P)lccoi’qtmg B
A an cchniclans umping
; Magascment U GeperalMechanical _  C.E.L(Parti} 0
TELECOM- Eng. Inst.Cost &
MUNICATIONS Welding Management
Clity & Guilds MainienanceEng. 71 - Accountants I}
Telecommunica- General Diesel Waorks Manage-
tons Eng. mcntete. e, 3
G.C.E.

Aldermaston College
Dept. TETO8, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y 5EJ. Tel. 01-628 2721.

‘NAME (Block Capitals)

ADDRESS

Other subjects of interest

Accredited by C.A.C.C.

Postcoge

Age

i
7
i
-
i
|
]
]
]
1
:
2
;
:
i
0
i
]

Member of A.B.C.C .

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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PREGISION POLYCARBONATE GAPACITORS

440V AC DIMEN Axial or Radlal ieads avallable  ®
RANGE: SIONS PRICE &V DC Range:
VALUE (mun) EACH:
R L D Value(F) x1%  =2% 25%
0.1xF 27 12,7 S1p O.0IxF §6p 49p i2p
0.15«F 27 ]2.7 S9p Oy €6p  49p  42p
0.22pF 33 16 44p 0.224F 87p  30p  d3p
0.25pF 33 16 §7p 0.33uF 87p  S0p  43p
0.33xF 33 |6 75p O0.47uF &7p 50p 43p
047pF 33 18 B8p 0.68,F T4p 53p  46p
0.5:F 33 13 &7p 1.0sF 82p 62p S1p
0.684F 508 19 93p 1.52F - 85p  71p  58p
1.04F 50.8 19 £1.03 2-2uF 96p
I.54F 50.8 25.4 £1.2) 3.3uF £l.15  82p  68p
2.04F50.8 254 E1.44 4.7pF £1.62 £1.13  s4p
6.8uF £1.08 £1.38 £1.13
FOuF £2.40 €£1.95 €1.64
15gF £3.22 £2.79 £2.24
224 F £4.28 £3.65 £3.08

TANTALUM BEAD CAPACITORS — Values avalabic: 0.1,
022,047, 10, 2.2, 48, B.5aF at 15V /25V or 35V; 104F at 16V 720V
or 25V 22 0uF at 6V or 16V; 33.04F al 6V or 10V: 47.0xF at 3V or
6V, 100.0uF at 3Y. ALL at 10p each, 10 for 85p. 50 for £4.

TRANSISTOR
BCI107/8/9 5Sp BC212/212L )14p BFY50 20p
BCI47/8/% 10p BC547 12p  BFYS5! 20p

BCISI/8 12p BCSSEA 12p BFYS52 20p
BCI82/182L 11p BF 154 12p oCTI 12p
BC183/183L!1p BF187 13p 253055 50p
BC184/184L12p AF178 30p  2N3702/4 1lp

POPULAR DIODES: Afl brand new and marked: ING14
6p; 8 for 45p; 18 for 90p; 1NI16 Bp; 6 for 45p: 14 tor
90p. 1544 Sp; 11 for 50p, 24 for £1 £0. 1N4 148 5p:
8 for 27p: 12 for 48p. LOW PRICE ZENER DIODES
400mW; Tol, = 5% at SmA. Values available: 3V: 3 BY:
47V:5.1V; 6.2V; 5.8V; 7.5V: B.2v; B.1V: 10V; 11V:
12V; 13V: 13.5Vv: 15V; 16V; 1BV; 20V: 22V:
24V; 27V, 30V, Ali a1 Tp each; 6 tor 39p: 14 for 84p.
Special QHer; 100 Zaners for £5 50. RESISTORS: High
stability, low naise carbon fitm 5% YW a1 40°C: 173W
at 70°C. E1 2 secies only, from 2.20 1o 2.2M0. Al a1
1p each: 8p tor 10 of any one velue: 70p for 100 of
any, one value. Special Pack: 10 of each walue
220 1w 2.2M0 (730 resistors) £5.00 SILICON
PLASTIC RECTIFIERS, 1.5A. Brand new wire ended
0027: 100 PIV.=7P {4/26p). 400 PIV —8P
(4/30p). BRIDGE RECTIFIERS: 24A 200V—40p.
350V—-45p. 800V—~55p SUB-MINIATURE VERTI-
CAL PRESETS: 0. 1Wonly: Altat Sp each. 5003, 1000,
2201). 4700, 63000m 1k, 2.2k, 4.7k, B6.8k. 10k,
15k, 22k, 47k, 68k, 100k, 250k, 680k, 1M, 2.5M,
5M.

Please add 15p Post and Packing on all orders
below E5.00. Al expont orders sdd cost of

Sea/Airmail. Please wdd 26% VAT to orders.Send [

SAE for lists of additional ex-stock items.
Whaolesale price lists availabls to bona fide
companies.

MARCO YRADING
Dept. T8. The Old School, Edstaston, Near WEM.
Salop. Tel. WIXHALL, 4647466 STD (094872
{Props: Minicost Trading Ltd.}

[ DELPAK PRODUCTS

UNIVERSAL_EEGULATORS type RZA and R5A

@ Dxtput voltage 1 19 55 vois

@ Duiput currem up t0 5 amps

@ Singla registor- programmes
current or yoftage

® 55 W peak. 33W continuens

+  mazimum dissipation

Toft 10001 @ Sefe-apmuting arsa prolection

RARamplE1130  fRgs @ Wiegral Healsmk

@ logit shutdownt
HHSA S amg] £1S 10 EIBI0 e oteut iferentnl 7

veoltsf
@ Dalivery — EX.STOCK
ENCAPSULATED MAINS POWERED P.CB. MOUNTING fully stabitizes
POWER SUPPLIES mterchangeable with U.S. typss Lott -

Py 2 Tiee . O/F current O/P wallage price €
250 mA § 14
1000 mA 5 18
15200 200 mA 15015 2
12-250 750 mk 12812 23

@ Al comperents in the DELPAK rasge are preaged and testsd
@ Deltvary — EX-STOCK et
Inpul voitage range 1G3-126 v. 200-240 ¥, 210-250 ¥
Frouency 50-400 iz all types
® POST & PACKING 30p each
® ALL PRICES PLUS VAT
@ CASH WITH ORDER
DAVIAN (ELECTRONICS) LIMITED
___DEPT HS
54 Cardigan Street, Luton, Bedfordshire
Telephone; 0582411945
Cables: ‘Davian’ Luton

magéwitch

witroducse their brilliant and comprehensive range

DIRITAL GLOGKS

The MAGSWITCH philosophy is to offera range of
clocks, kits and dui i
concept — axciting t0 construct — styled to add
prestige to any home or office setting.

BASIC KITS
Designed and engineered for successful assembly.
Versatile and extendabie for advanced functions —
calendar — atarm —*radio timer.

MODULES

Build into your hi-fi. embed 1t in10 a wall or anywhere.

COMPLETE CLOCKS
Assembted and lested or in kit form. A stunning choice
of styles, cases and colours. From the simple to the
prestigecus
Square clocks — cylindrical clocks — trendy coal clocks
— hot rainbow clocks — ultra-modem chrome clogks
Priced froen £15.45-£29.85 + 8% VAT

Let MAGSWITCH convince you with a set of

information sheets and full colour photograph of the

range. Send 15p (gladly refunded against order) to:
MAGSWITCH

36 CELL BARNES LANE
ST. ALBANS, HERTS. AL1 5QY

that are i ve in

2,:

CIiTY & GUILDS EXAMS

Study for success with ICS. An ICS home study
course will ensure that you pass your C. & G.
exams. Special courses for: Telecoms. Technicians.
Electrical Installations, Radio, TV and Electronics
Technici Radio A

Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 340 Intertext House, London, SW8 4UJ.

Tel: 01-622 9911 (xfl hours).

= :
DEPT. 17

AXIAL PRODUCTS LTD

23 AVERY AVENUE

Axtat [ZRODUETS  HigH WYCOMBE. BUCKS.

18 ELEMENT TV AERIAL
Only£2 00 + VAT + S0prrP
10 ELEMENT TV AERIAL
E1.7S + VAT + 50pP/P
4 ELEMENT FM STEREO
£3 B0 & VAT + SUpP/P
CHIMNEY LASHING KIT
E1 + VAT + SOp P/P

Low |gss TV cable 12p/metre, 3alanca feedar cable Bp/metra.
All Jsy beom aorials suppled Send SAE for hst

ACI27 12p NS4 4p 7400 15p
AC128 1p  INA148 4p 7403 15p
BC107 9p  INAODT Sp 7410 15p
BC108 9p  IN40O2 5p 7413 40p
BC109 10p  IN4OO3 6p 7442 &5p
8C113 10p  IN4DO4 6p 7447 105p
B8C147 9p  1N3009 6p 7474 32p
BC148 %p IN4QO6 Ip 7475 50p
BC148 10p  IN4CO/ 7p 7490 S50p
BCYTO 724121 35p
BF194 Zeoers 400mW 74160 105p
BF195 3.333v 9p 74132 140p
BFY51 15p  Zeners 1W LM301 37p
2N3055 40p 3.3.33v 15p  7at 28p

555 70p

Add 25% VAT + 10p in the £ P/P on orders beiow £5 CWO

MCLEOD SPECIALS?

McLeod International Ltd.,
Special Products Division offer
design, source, manufacture and
consultancy on all types of
digital electronic equipmentsuch
as Public Display ciocks, data
.recording  instruments, stop
clocks, etc.

Give us your specification and

let us quote you.
McLeod International Limited,
{Special Products Division)

Sovereign House, Lion Green Road,

Coulsdon, Surrey.
Tel: 01-668-8286, Telex:

ALUMINIUM PROJECT BOXES
tids and screws included

Sox Length Widih Height Price
Mo, [ R in. n

7 5% 2% 1% a7p

8 a 4 1% 48p

9 4 2% 1% 46p
10 S% 4 1% 49p
11 4 2% 2 a6p
12 3 2 1 38p
13 6 4 2 58p
14 7 5 2'A 75p
15 8 6 3 93p
16 10 7 3 £1.14

Prices inviude VAT (31 8%) but 18p should be added 1o the
total order value for postage & packing.

8 WATT 12 VOLT FLUORESCENT LIGHT KIT
Complele Kit including all components. heatsink. ¢hannel
ube, etc

ONLY £3.49 inc. VAT p&p
Ready Built £4.10 inc. VAT p&p
Diffuser 59p extra inc. VAT p&p
Send cheque or PO’s with your order direct to: 57
ELECTRONICS DESIGN ASSOCIATES Dept. €719, 82
B#th Strest, Walsall W51 3DE. Phone Walsall 33652

945832.

TECHNICAL TRAINING

Get the training you need 1o move up into a higher
paid job. Take the first step now — write or phone ICS
for details of ICS specialist home siudy courses on
Radio. TV, Audio Eng. and Servicing. Electronics.
Computers; also self-build kits.

Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 341 Intertext House, London, SW8 4UJ.
Tel: 01-622 9911 (all hours).

COLOUR TV SERVICING

Learn the technigues of servicing Colour TV sets
through new home study course approved by leading
manufacturer, Covers principles, practice and alignment
with numerous illustrations and diagrams. Other
courses for radio and audio servicing.

Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 342 Intertext House, London, SW8 4UJ.
Tel: 01-622 9911 (a0 hours).

e

TAMAR ELECTRONICS
LOW PRICES

Bargain Untested Packs: All packs 54p each
uniess _otherwise marked, 80 Transistors
200 Diodes, 50 400mW zeners, 40 2W
zeners, 50 Mixed IC’s, 200 assornted semicon-
ductors.

Special offer 1. The above six packs {value
£3.24) tor £2.90 40 1N914 type dicdes, 40
0A200 type diodes, 20 unijunction transistors.
20 1NA00O series diodes, 40 Silicon Alloy
Transistors.

Special offer 2. The above five packs (value
£2.70) for £2.40, 20 Polyester Capacitors
40p, S0 Disc ceramics 30p. 25 Electroiytics
54p, 5 mixed LED's 70p.

Spocial offor 2. The above four packs (value
£1.94) for £1.65. BC107 and BC10B 12p
each, BC109 13p. 2ZN3B19E 25p, 2N3055
40p, AC128 10p, AC176 12p each, or ali
seven {value £1.24) for £1.10.

DL704 sever segment LED disptay with data
95p, Oriver IC for DL704 (7448) 90p, smali
red LED's 15p, 741 opamp (8 DIL) 30p.
MFCE040 IC £1.05. 3lbs. computer panels_
£1.65, 11b. bag of ferric chioride BOp, 10094F
30v and 2000u4F 3Dv electrolytics 25p each,
1000pF 60v high surge rating electrolytics
{6¥%2 x 212"} 35p. IC pin sockets in strips of
100 55p. 10 assorted potentiometers 54p,
Burgess microswitches (2x%:x%"") 20p.

All prices include VAT. Please enclose 20p
P&P per order, orders over £6 post free. For
latest list send SAE or 10p in stamps. All items
offered while stocks last.

TAMAR ELECTRONICS
P.O. Box 17, Plymouth
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bb PAGES |
3000 ITEMS

COMPLETE WITH
DISCOUNT
VOUCHERS

WORTH 20p

% DISCOUNTS

HAVE YOU * ALL NEW
FULLY GUARANTEE
B H COMPONENT FACTORS LTD.

GOT YOURS? ! STOCK.
CATALOGUE NO. 4 ‘% SATISFACTION.
ILLUST @ k¢ DEPENDABLE

SRRED SERVICE

LEIGHTON ELECTRONICS CENTRE, 59 NORTH ST,

LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. (065253) 2316.

e

Greenban—k Electfonics

FREE!
Data and suggested circuits for AY-5-1224 and MK 50253 clock chips,
details of PCB's and cornponent kits for AY-5-1224, data sheets for
LED 0.3” and 0.6" displays.
NEW!
PCB TO SUIT AY-5-1224 clock chip . .. - . S LR LR Ih
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 alarm clock. ... . . - £5.50
LED DISPLAYS (_ECONO MY TYPES)

DL-704E 0.3"” common cathode il 5 e . 856p
DL-747E 0.6’ common anode .£1.70

Add 8% VAT to all prices, post. etc. 10p + VAT per order
GREENBANK ELECTRONICS {Dept. T9E)
64 New Chester Road, New Ferry
Wirral, Merseyside L62 5AG
Teol: 051-645 3391

ol

BURGLAR ALARM. Complete security system comprising: Control
Box, 4 door/window switches, battery operated. £8.50. Money back
guarantge. Castle Alarms, Box W06, Windsor. Berks.

FTl Special Offer

The ETI Book Service has made
special arrangements  with
MacMillan’s for 2 pre-publication
rice discount on a book to appear
in October which we feel will be of
great interest to ETI readers.

The book ‘Linear Integrated
Circuit Applications’is by George

A practical a';.aproa_ch is
sised "throughout and the
reader is encouraged to try out the
devices for himself.

In this book the applications
of operational amplifiers as meas-
urement amplifiers and the use of
operational amplifiers in active fil-
ter circuits are dealt with. Sub-
sequent chapters are concerned
with linear 1.C.s, monolithic LC.
modulators, four quadrant multi-
pliers, timers, waveform generat-
ors and-PLL. The price inc. P&P
will be £6.80 for the hardback
aditinn and £3.35 for the paper- |
back but if you-use the coupon
below, you will be entitled to 2
p:eapubhcanon discount. ETI,
reader prices are £5.25 or-£2.65.
ngfer closes 30th September,
1975.

Cut =

To: LINEAR I.C. APPLICATIONS
ET1 BOOK SERVICE,
25 Court Close, Bray, Maidenhead, Berks.

Pleasc find enclosed my remittance for £5.25/£2.65* for =
Linear 1.C. Applications. I understand this book will be dis- |
patched on publication in October.

Name ol v et e G el - T -
AAAICSS T e s a s e e RO L S

SAVE UPTO £1.65

GEORGE 8. CLAYTON

(*Delete as applicable) Offer closes 30th September 1975. . o}
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% ELECTRONIC
PIANO KIT

% SYNTHESISER
KIT

% ELECTRONIC
ORGAN KITS

There are five superb Elec-
tronic Organ kils specially
designed for the D-{-Y en-
thusiast. With the extreme
fiexibility allowed in design.

costing double the price.

ELVINS

you can build an organ 1o your requirements.
which will compare with an organ commercially buill

*Portable organ with 4 octave keyboard, £145-29. % Console
organ with 5 octave keyboard, £250.95% Coansole-organ with
2 x 4 octave keyboards and 13 note pedal board. £470-65. ¥
Console organ with 2 x 5 octave keyboards and 32 note pedal
board. £680.9% Console organ with 3 x 5 octave keyboards
and 32 note pedal board. £960.4 W/W Sound Synthesiser Kit.
£130. % W/W Touch Sensitive Electronic Piano. £400.

All components can be purchased separately, i.e., semi-
conductor devices. M,0.S. master oscillators, coils, keyboards,
pedal boards, stop tabs, draw bars, key-contacts, etc.

Send 50p for catalogue which includes 5 x 10p vouchers or send
your own parts list, enclosing S.A.E. for qubtation.

ELECTRONIC MUSICAL INSTRUMENTS
Designers and component suppliers to the muslcal Industry
12 Brett Road, Hackney, London, ES 1JP. Tel. 01-586 8455

ETI readers,

SemiconJuctor

Premier House, Fairfield Road
Yiewsley, West Drayton
Middlesex UB7 8HE

Specia/z;sts {U.K.) Ltd

fel: West Drayton 46415
Telex: 21958

THE FRANCHISED GENERAL INSTRUMENT

DISTRIBUTOR

These latest® G.I. microcircuits available NOW to

cash with order £

AY-5-8300 TV display chip 4.00
AY-5-8310 TV display chip 5.00
AY-5-8100 Frequency display 7.15
AY-1-0212 Organ tone generator 7.94
AY-1-5051 Organ divider circuit 1.50
AY-5-1224 12/24 hr. clock chip 4.59

We can also supply the full range of MONSANTO
display and LED components. 0.3 & 0.4"" seven
segment displays in red, orange, yellow or green.
LEDS also in red, orange, yellow and green.

Send for details. i
All prices include VAT
Add 30p postage and packing to all orders.

i TRADE ENQUIRIES INVITED,

1 TRANSISTOR POCKET BOOK

by R. G. Hibberd

A comprehensive guide to the characteristics and
uses of various types . . . £3.05
2 BASIC ELECTRONIC PROBLEMS SOLVED

by D. A. Smith

A reference source of the pertinent basics illustrated
with clear diagrams . . . . £1.90
3 ELECTRONIES SELF-TAUGHT WITI!
EXPERIMENTS AND PROJECTS

by James Ashe

Covers basic principles of electronics. Projects
include a large number of simple circuits = £2.15
4 BEGINNERS GUIDE TO ELECTRONICS

by T.L. Squires and C. M. Deason’

A ‘short cut’ for those wishing 10 obtain a guick
acquaintance with modern electronics £220

All prices' include Postage and
Packing

Plaase list titles (with price) separately Cheques.
etc., to be payable to° Fléctronics Today
International and sent to:

ETl BOOK SERVIGE, 25 Gourt Close.

5 INTRODUCING AMATEUR ELECTRGNICS

by I. R. Sinclair

The book for the complete novice of any age as no
previous knowledge is assumed . . . £1.55
6 RADIO-ELECTRONICS HOBBY PROJECTS
Thirty-two novel and useful projects (ongmated from
S T T e e [ = smbiql
7 1.C. PROJECTS FOR AMATEUR AND
EXPERIMENTER

Edited by Wayne Green
Over 30 circuits usmg 1. C.’s both linear and digital
(originated from U.S £1.7
8 DIGITAL ELEBTHDNIG CIRCUITS

AND SYSTEMS

by N. M. Mornris

The ideal book for the enthusiast confused by logic
and digital techniques . £2.55

9 GETTING THE MOST OUT 0F YUUR
ELECTRONIC CALCULATOR

by W. L. Hunter

Helps you get infinitely better value out of the
average modern calculator . . . £2.15
19 BEGINNERS GUIDE TO TRANSISTOHS

by J. A. Reddihough and 1. R. Sinclair

Covers the basic lheory and practice of modern
1EAN SISIOTS e e, e 00 - e L el e ... £2.10

11110 OPEBATIONAL AMPLIFIER PROJECTS
FOR THE HOME CONSTRUCTOR

by R. M. Marston

Outlines the essential characteristics of the op-amp
and presents 110 useful projects (imp covarz

SHECTED BODKS HillM |

12 AUDIO HANOGBOOK
by Gordon King

Deals fu]ly with all aspects of audio reproducnon
£5.25

13 64 HOBBY PROJECTS FOR HOME

.75 AND CAR

by Bob Brown and Mark Olsen

A variety of novel circuits. many of them unique,

which should please almost everybody . . . £2.10

14 THE OSCILLOSGOPE

by George Zwick

Starts from first principles and takes the readerto an .
advanced level .. .. ... MRS £ 2:05

15 HOW TO USE YECTORSCOPES,

O0SCILLOSCOPES AND SWEEP-SIGNAL

GENERATORS

by Stan Prentiss

Goes into the whole subject deeply in 250 heavuly

illustrated{pages e G s 1.80

16 99 WAYS TO USE YUI.II! OSCII.I.OSGUPE

by A. Saunders

Descnbes how to sclve particular problems using a
‘scope . . . £1.75
17 WORKING WITH THE OSCII.I.OSCOPE

by A. Saunders

A book devoted to circuits and illustrations of

waveforms that should be present . . . . ... . £1,80

18 TOWERS® INTERNATIONAL THANSISTDR

SELECTOR

A super best-seller — details glven alsewhere in this .

Bray, Maidenhead, Berks. e e o
el
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CATALOGUE
2nd Edition

SPECIFICALLY DESIGNED FOR THE AMATEUR
RADIO, ELECTRONICS AND HI-FI ENTHUSIAST.

.* MUCH, MUCH BIGGER RANGE OF
QUALITY ELECTRONIC COMPONENTS
AND AUDIO ACCESSORIES FROM
TRUSTED BIG NAME MANUFACTURERS

* 3 THOUSANDS UPON THOUSANDS OF
COMPONENTS — ILLUSTRATED,
iNDIVIDUALLY CODED AND PRICED.
MANY NEW COMPONENTS ADDED FROM
CUSTOMER REQUESTS

16 EXTRA PAGE DATA SECTION

UNIQUE FREE UP-DATE PRODUCT
INFORMATION SERVICE DURING LIFE
SPAN OF CATALOGUE

ALL COMPONENT REQUIREMENTS SENT
BY RETURN POST

POST AND PACKING FREE (only applies

for Great Britain, N, lreland plus B.F.P.0.
Nos. — overseas arders F.0.B.)

NO-QUIBBLE REPLACEMENT PART SERVICE

- AL this and mote - sodont deltay
~ cond for
yout mew D‘I’Am

C(ltag | DORAM ELECTRONICS LIMITED

{ P.0.Box TR8
q@a@y !

¥k ¥ WK

| Leeds LS12 2UF

1 enclose 60p. Please send ma by return my
new Doram Catalogue. {Overseas orders
except for N. Ireland, please add 30p for

I post and packing surface only!.

Inc. Post and Packing

PLEASE PRINT BLOCK CAPITALS z

NAME

ADDRESS SR

Post Code

ETI 10



More than
just a catalogue!

PROJECTS FOR YOU TO BUILD

4-digit clock, 6-digit clock, 1T0W high quality power
amp., High quality stereo pre-amp., Stereo Tuner,
F.M., Stereo decoder, etc., etc. 5

CIRCUITS . . . Frequency Doublers, Oscillators, Timers,
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,
piugs and sockets, lamps and lampholders, audio leads,
adaptor plugs, rotary and slide potentiometers, presets,
relays, resistors (even 1% types! ), switches, interiocking
pushbutton switches, pot cores, transformers, cable and
wire, panel meters, nuts and bolts, tools, organ components,
keyboards, L.E.D.’s, 7-segment displays, heatsinks,
transistors, diodes, integrated circuits, etc., etc., etc.

Really good value for money at just 40p.

The 3600 SYNTHESISER

The 3600 synthesiser includes the most popular features of the
4600 model, but is simpler. Faster 1o operate, it has a switch
patching system rather than the matrix paichboard of the larger
unit and is
 particularly
suitable for live
performance
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 ETI International Synthesiser is technically supertor to
most of today's models. Complete canstruction derails in our
booklet available now, price £1.50, or S.AE. please for
specification.

ELECTRONIC ORGAN

Build yourself an exciting E lectronic
Organ. Our leaflet MES51, price 15p,
deals with the basic theory of electronic
organs and describes the construction of
a simple 49-note instrument with a single
keyboard and a limited number of stops.
Leaflet MESS2, 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 footages along with a pedal board
and a further extension of the organ’s range are shown in

leaflet MES53 priced at 35p.

Please send
S.AE. for
our price
list,

GRAPHIC EQUALIZER

A really superior
high guality stereo
graphic equaliser
as described in
Jan. 1975 issue

of ETL. We stock
all parts (except
woodwork])
including atl the
metal work
drilled and
printed as required 10 suit our components and PCB’s.

S.A.E. for price list or complete 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 vear (refunded on purchases}. If you already have our catalogue send us an s.a.e. and we'll send you our latest list of
GUARAXTEED 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 period before the
prices are implemented! — plus details of any new lines, soecial offers, interesting projects — and coupons to spend on components to

repay your 30p

NOTE: The price list is based on the Order Codes shown in our “- ----- - mE. - ------E-TI‘

catalogue so an investment in our super catalogue is an essential N | enclose Cheque/P.O. value : el o .

first step. Far copy/copies of your Catalogu =

Call in at our shop, 284 London Road. Westicliff-on-Sea, Essex . >

Piease address all mall 1o . Name R o = B e e e I
MAPLIN ELECTRONIC Address. e ]
SUPPLIES Lo e

0. BOoX al ]
MAPLIN ELECTRONIC SUPRLIES E2sx Ss6 8LA,

P.0. Box 3 Rayleigh Essex SS6 8LR.

\/
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