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STIRLING SOUND QV Modules are our own designs
manufactured in our own Essex factory. Production
standards are carefully controlled and you, the constructor,
benefit directly from our many years of experience in
meeting demand for components as well as by buying direct

from us.

PRE-AMPS & GONTRGOL MODULES
Unit One

Combined pre-amp with active tone-control circuits. 200mV
output for 50mV in. Runs on 10 to 16V supply. treble = 15dB at
10KHz, bass =15dB at 30Hz. Stereo bal, vol.. treble & bass

controls £7 _80
Ascxﬁe- lnoe?omrol, bass & treble £1 _60

$§.101

Pre-amp for ceramic cartridges, etc., passive tone control circuit
shown in data supplied. £1 60

POWER AMP
SS 110

SS 202
DECODER

$5.102 STEREO PRE-AMP

R.I.A.A corrected for mag. p/ups, tape, radio, etc.

£2.65

POWER AMPLIFIERS

$8.103

A 3 watt amplifier using singie ! C. type SL 60745 with built-in
short circuit protection . . £1.75
§8.103-3. Stereo version (2 [.C.s) of above . £3.25

$5.105
5 watts R.M.S. into 4 ohms using 12V supply. Ideal for use in
in-car entertainment  Size: 89 x 51 x 19mm . . £2.25

$5.110 - )

Similar in size and design to SS.105, this QV modute delivers 10
watts R.M.S. into 4 ohms using a 24V supply, e.g. SS.324. Of
great use in domestic applications P . £2.75

$5.120 .

Using a 34 volt supply, such as SS.334, this amplfier wili

deliver 20 watts into a 4 ohm load. Same dimensions as above
puga——— . . c I . £3.25

There are suitable Stirling Sound power supplies for all the above

FM TUNING

§8.201
FM Front End with geared slow motion tuning and A.F.C. facility
88-108MHZ 3SR . . . £5.00
$8.202

1 Famp A meter and/or A F.C.can
2'"). For use with §S.201

$8.203

Stereo decoder (illustrated). For use with Stirling Sound modules
or with any other good mono FM' tuning section A LED beacon
can be added (Price 18p) to indicate when a stereo signal 1s
tuned in (3" x 2°) : ry 1 . £3.85

be connected (size 3’/ x
3 £2.65

tTHE BUILT-IN QV FACTOR

means Sfirling Sound’s guarantee of quality and value which gives you today’s best
buys all round. That's why you'l do better with QV Moduies!

A member of the BI-PRE-PAK Group

220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF

Phone: Southend (0702) 46344

PERSONAL CALLERS WELCOME

AT
SS.140
Heavy duty power ampli-
' fier giving 40 watts
R.M.S. intc 4 ohms using
45V. With output capaci-
tor. Good for small disco

orP.A.
£3.95*
/" TODAY’S BEST VALUE IN

POWER SUPPLY
UNITS* ALL AT 8% VAT

with 13-15V
take-off
points

7

MODELS TO
CHOOSE FROM

Compare these guaranteed power packs for power and
price. Not onty do these excellent power packs stand up
unflinchingly to hard work, inclusion of a take-off point
ataround 13-15V adds to their usefulness

§8.312 12vV/1A £3.75*
§8.318 18V/1A £4.15"
$8.324 24V/1A £4.60*
§8.334 34V/2A £5.20"
$8.345 45V/2A £6.25*
$§8.350 50V/2A £6.75*

$8.300. Add-on power supply stabilising unit
Short-circuit protected. Ensures stabilised output
variable from 12V/2A to 50V max. at BA. Ideal for
workbench and experimenting. £3.25% (P&P 35p).

$8.310/350
VARIABLE QUTPUT
STABILISED SUPPLY

With continuous variable
output at 2A from 10 to 50
V.D.C. With built-in protec-
tion against shorting and
fully adequate heat sink

Guaranteed  Superb value

at £11.95°, Y,

WHEN ORDERING

Add 35p to your order for P&P for mail orders. VAT add
12'2% to total value of order unless shown" then the rate is
8%. Make cheques, etc, payable to BI-PRE-PAK LTD. Every
effort i1s made to ensure correctness of information at time of
going to press. Prices subject to change withoyt notice.
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SEMICONDUCTORS - COMPONENTS

CARBON POTENTIOMETERS

SINGLE GANG with wire end terminations, 6mm x 50mmflasm: shatt 10mm bushes supphed with

TRIACS

LINEAR PAKS

Manulaciurer's ‘Fall Outs’ which include
Functional and part Funclional Units, These are
classed as ‘out-of-spec’ trom the maker's very
rigid specifications, but are ideal for learning
about .C.'s and experimental work
U721 30 ASSORTED LINEAR TYPES

709-741.747.748-710-588, Etc

ORDER No. 16227 Price *'£1.50
U78SD FM STEREO DECODER
51C.'s 76110 Egv. 1o MCY310P-MA767. Data
supplied with pak.

ORDER No 16229 Price "£1.50

U76A AUDIO POWER DUTPUT AMPLI- |
FIERS
8 Assorted types SL403 76013, 76003, Ewc
Data supplied with pak

ORDER No. 16228 Price "£1.00

74 SERIES PAKS

Manutacturer's 'Fall Quts’ which include
Functional and part-Funciional Units These are
classed as ‘out-of-spec’ trom the maker's very rigid
specihcauons, but are ideal for learning about
1.C."s and exparimenial work

746G 100 Gates assorted 7400-01-04-10- 50 60
etc. Order No. 16224

74F 50 Flip-Flaps
7470.72-73-74-76-104-109. Ec
Order No. 16225

74M 30 MSI Assorted Types. 7441-47- 90 154
Etc. Order No. 16226

assoued

VEROBOARD PAKS

VB1 Approx. 30 sq. ins. various sizes, all 1"
matrix, Order No. 16199 £0.60
VB2 Approx. 30 sq. ins. vanous sizes. 15"
matrix. Order No. 16200 £0.60

ELECTROLYTIC PAKS

A range of paks each conwaining 18 st quality.
mixed value minisiure electrolytics,

EC1 Values from .47mfFD to 10mFD
oy ... Order No.16201 ‘£0.60
EC2 Values from 10mFD 1o 110mFD

Order No.16202 "£0,80
100mFD 10 6BOmMFD
Drder No.16203 "£0.60

EC3 Vaiues from

€280 CAPAGITOR PAK

75 Mullard C280 capacitors, mixed

values ranging trom .0 1uF ta

2 2uf complete with idenutication

sheet Order No. 16204 "£1.20

CARBON RESISTOR PAKS

These paks conwain a range of Carbon Resistors.
assorted into 1he tollowing groups:

R1 60 mixed Yaw 100chms-8200hms
B Drder No. 16213 "£0.60
R2 60 mixed %w 1Kohms.8.2Kohms
¢ P Order No, 16214 "£0.60
R3 60 mixed Yw 10Kohms-82Kohms
. Order No. 16215 "£0.60
R4 60 mixed Ysw 100Kohms-820Kohms
Order N0. 16216 "£0.80

RS 40 mixed Y»w 1000hms-820ohms
Order No. 16217 °€0.80

R6 40 mixed %w 1Kohms-8.2Kohms
; Order No.16218 £0.60

R7 40 mixed %w 10Kohms.82Kohms
Order No. 16219 "£0.60

R8 40 mixed Yaw 100Kohms-820Kohms
Order No. 16220 "£0.80

R9 60 mixed Yw ! Meg-10Megohms

Order No, 16230 °£0.80
aw 1 Meg-10Megohms
Order No.16231 “€£0.80

R10 40 mixed

WORLD SCOOP!
JUMBO
SEMICONDUCTOR PACK

Transistars - Germ and Silicon Rectitiers - Diodes -
Triacs - Thynstars - L.CJs and Zeners ALL NEW
ANO CODED Approx. 100 Pieces Ofterng the
amateur @ fantastic bargain PAK and an
enormous saving. identification and data sheet in
every pak

ORDER NO 16222 £2.25

2 Amp TOS €ase \1/0' Amp. ‘l’g‘l Case - shake-proot washer and nut. Tolerance Z 20% ot resistance
Volts No. Price olts o ice
100 TR12A7100 €0.3) § 100  TR110A/100 €£0.77 LINEAR TRACK LOG TRACK
200  TR12A/200 €0.6t [ 200 TR1104/200 £0.92 | Value No. Price | vaiue No Price
400  TR124/400 £0.71 | 400  TR110A7400 €112 f 1K 1831 €022 | axy 1842 €0.22
5 e 1832 £0.22 10K 1843 *£0.22
BAmp  TOGS Case 10Amp 10220 Case NEEE] €022 § 5o 1844 £0.22
Volts No. - Price | yons puine B ' 1 1834 022 § 43¢ 1845 £0.22
100 TR16A7100 £0.5v § 400 TRi |0A,4oop 12 | 22 1835 £0.22 § 100k 1846 '€0.22
200 TR16A/200 £0.81 47K 1836 ‘£0.22 .
200 TRiea’a00 £0.77 DIACS 100K 1837 €022 | 220¢ a4t £042
: BR100 £0.23 D32 €0.23 | 220K 1828 co22 | 470% 1848 :€0.22
S bee o2l ™ 1849 £0.22
60 iie toas | M2 1850 £0.22
M2 1841 '£0.22
SUPER UNTESTED PAKs DUAL GANG. These high-quahty pots. are fitted with wire end levm;nanons‘ 6mm x 50mm plastic shaft
PAK '35'(; T e ) Order No. Price ;Sg\nr: bushes:uppl-ed with shakeproof washer and nut. Track tolerance * 20% but matched to within
US0 100 Germ. Goid bon A47 diode 16130  €0.60. of each other
Ub1 150 Germ. OA70/81 diode 16131  £0.60
US52 100 Silicon Diodes 200mA 0A200 16132 £0.80 LINEAR TRACK LOG TRACK
U53 150 drodes 75mA IN4148 16133 £0.60 L y 7
US4 50 Sil Rect Top Hat 750mA 16134 Yalua o P o ey
US5 20 Sil Rect Stud Type 3 Amp 16135 10K 1852 €068 | 10K 1861 ‘£0.68
US6 50 400mW Zeners DO7 Case 16136 22K 1883 £0.68 22K 1862 -£0.88
US7  30NPN Trans BC107/8 Plastic 16137 71K 1854 £0.68 87K 1863 -€0.68
US8 30 PNP Truns BC177/ 178 Plastic 16138 100K 1885 €088 YOOK 1864 -£0.68
US9 25 NPN TO39 2N697/2N1 711 sit 16139 220K 1856 €0.68 220K 1865 -£0.68
U60 25 PNP TO59 2N2905 silicon 16140 270K 1887 0,68 | 470K 1866 £0.68
U61 30 NPN TO18 2N706 silicon 16141 M 1858 £0.6: ™ 1867 £0.68
U62  25NPN BFY50/51 16142 2M2 1859 -£0.68 Aol
U63 30 NPN Plastic 2N3908 silicon 16143 2Me P £0:88
U64 30 PNP Plasuc 2N3805 sifican 16144
U65 20 Germ. 0071 PNP 16145
U66é 15 p,:s“c Power 2N3055 NPN 16146 SINGLE GANG SWlTCHED. Fitted with doubie pote on-oft switches. The switch action is incorporated
ue7 10 TO3 Metal 2N3055 NPN 16147 within the rotary action of the pot. Swrich cating 1.5 amps at 250V AC
U68 20 Unijunction trans 11543 16148
U89 101 smp SCRT039 16149 LINEAR TRACK LOG TRACK
u70 8 3 amp SCR TO66 case 16150 X;‘;‘. 1,;.;'0 c"i:; Value No. Price
“£0. aKk7 1879 “£0.48
Code No's mentioned above are given as a guide 1o the type of device in 10K 1871 ‘£0.48 10K 1880 "£0.48
the pak. The devices are normally 22K 1872 "£0.48 22K 1881 ‘£0.48
47K 1873 *£0.48 a7x 1882 *£0.48
100K 1874 '£0.48 100K 1883 £0.48
220K 1875 £0.48 220K 1884 *£0.48
470K 1876 £0.48 470K 1885 ‘€0.48
COMPONENT PACKS | i i | W ok
M2 1878 ‘to.a8 2M2 1887 *£0.48
Pack
No. Qty. Order No. Price
Ci 200 Resistor mixed value approx. (Count by v E R o BOA R D s
werght) 16164 “£0.60
c2 150 Capac-wrs mixed v-lue appmx (Coum
by weight} 16165 ‘£0.60 DRILLED COPPER P.C.B.
c3 50 Precison resistors. Mixed values . 16166 ."£0.60 F Piteh 18 Pitch
c4 80 ‘/;rar:“\:v Resistors mixed preferred SR Cepled) 5;,,’ o N?‘ ‘Priz:o Size No. p,;:.
€5 & Pieces assorted ferrite rods . | 16168 €060 | 3251375 zar o Al 2208
c6 2 Tuning gangs, MW/ 1W VHF . 16169 '£0.60 | 5. 17" 2203 €142 § 257 x3.75° 211 €0.31
Cc7 1 Pack lwu: -nl; metres assorted colours T, 375" x 5 2204 £0.52 375" % 17 2212 £1.51
c8 10 ;'“g‘ ‘l'm’s - eizh] “to'so 375x3.75 2205 £046 J 375 x 5" 2213 £0.57
ca 3 Micro switches 16172 €080 | 37eni1] 2208 £182 | 37978375 221 coaz
€0, "% 178" - 25" 1" (pack ot fivey 2216 0.52
€10 15 Assoned pots 16173 '£0.60 A sck of ti .
cn § Mesl jack sockets 3 x 3.5mm. 2 x ZSiEN {peckightive), 12208 £0°52
standard switch types 5 16174 °£0.60
c12 30 Paper condensers pro'unsd types .
mixed values 16175 €£0.60 DRILLED PLAIN P.C.B.
c13 20 Electrolyucs trans. lvpes 16176 °£0.60 p )
c14 1 Pack assoried hardware — Nuts / . L . A Pitch . .18 Pitch
bolts, grommets. etc. 16177 ‘£0.60 §u- " ” o Price Size y No. Price
C15 5 Mains siids switches ass 16178 °£0.60 375" x 1777 2217 £1.18 § 2.50x17 2221 £0.78
C16 20 Assorted tag strips and paneis 16179 £0.60 3757x25 2218 £0.26 By 2222 £1.00
C17 15 Assorted control knobs 16180 °£0.60 5" x3.75 2219 €042 § 2 g * -'; N 2223 £0.26
cie 4 Rotary wave change switches 16181 °£0.80. _3, x ~7‘7,,5 2224 £0.21
,C19 2 Relays 6 — 24V operating 16182 "£0.60 VERO SPOT-FACE CUTTER %38 2225 £0.38
CZO 1 Pak. copper laminate approx 200 sq. Order No. 2231 Price £0.68
1nS) § 161 3
c21 15 Assorted fuses 100mA-5 amp. 15‘22 2: :g
C22 50 Mertres PVC sleeving assorted size and )
foes P Soeird o N PLUGS AND SOCKETS
c23 60 ‘4 watt resisiors mmed preferred vatues B
C24 25 Prasens assorted type and value :g:gg E::g PLUGS CHASSIS SOCKETS
€25 30 Metres siranded wire assorted colours  4gqg7 £0.60 No.  Price No.  Price
g P1  DIN/LSP 2 pinspesker . 1689 ‘£0.08 €$1  DIN/LS 2.pin loudspeaker
P2 DIN 3.pin 1690 "£0.12 1652 '£0.08
P3  DIN 4.0n 1691. "€0.96 | C52 DIN 3-pir 1663 °*£0.10
P4 DIN 5o 180° 1692 '£0.14 C53  DINSpin 180 1654 °€0.10
P5 DIN 5.pin 240 1693 "€0.15 CS4  DIN 5-pin 240¢ 1655 °£0.12
SLIDER PAKS PE  DIN 6.pin 1694 €020 | CS5 Jack 2 5mm 1656 ‘€008
P7 DIN 7-pin 1695 °€0.20 f§ CS6 Jack X.6mm 1657 °£0.06
Pack Pri P8 Jack Pluy 2.5mm screened 1696 "£0.12 CS7 Jack Mono switched 1658 "£0.15
No. Quy. Order No. Price | pg  Jack Plug 3 5mm piastic 1697 '£0.10 | CS58 Jack Stereo switched . 1659 °£0.18
Y P10 Jack Plug 3 5mm screened 1698  £0.15 €59  Phono singte 1660 °£0.08
S1 6 Slider potentiometers, mixed values 16190 "£0.60 P11 Jack Plug mono plastic . . 1699 “£0.14 C510 Phono double 1661 "£0.10
S2 6 Slider potentomerers, all 470 ohms 16191 “£0.60 P12 Jack Plug mono screened 16100 "€0.28 CS11 Coax surface 1662 °£0.21
S3 & Slider potentiometers, all 10k tin. 16192 °£0.60 P13 Jack Plug stereo screened 16101 °£0.32 CS12 Coax tush 1663 °"£0.25
sa 6 Slider potentiometers, all 22k iin 16193 °£0.80 P14 Phono 16102 '£0.10 €513 Jack switched. Mono . 1664 '£0.20
$5 6 Sider potentometers. afl 4 7k bn 16194 "£0.60 P16 Car aenal 16103 "£0.16 CS14 Jack socket OPDT switch 1665 °£0.32
S6 6 Shder potentiometers, all 47k log 16195 ,°€£0.80 P16 Coax free TV 16104 “€0.18 gg\\g g;(s:r aerial o gGE '231‘0
; P17 Right angie jack 16106 £0.12 mains US type 1667 £0.16
P18 Jack 2.5mm plastc 16106 '€0.12 | CS17 Phono d-way 668 '£0.18
P19 Jack stereo plastic 16107 '€0.20 | €518 D.C power 1669 -£0.18
P20 Phon free, screened 16108 '€0.14 | £813 AL swiched o) 032
CERAMIC PAKS B21 DC 3 1 pug 16108 '€0.12 SIEEy
. mm plug B
Containing a range of first quality miniature ceramic Capaciors P23 2.pin AC plug U.S 1ype . 16111 "£0.18 i
Unrepeatable vaiue P24 AM acnial 16112 “£0.13 Just a selection from
Order No. Price P25 Cassette mains plug 16113 '£0.15 our huge stocks!
MC1 24 mimature ceramic capacitors, 3 of each P26 FM 300 ohms plug 16114 *£0.13
Value — 22pt, 27pt, 33pt. 390f, 47pt. 68pt. B0 SEE OUR
82pt 16160 €0,
MC2 24 miniaturs ceramic capacitors, 3 of each 2 \ 1 977 cATALOGUE
value — 100pt. 120pf, 150pf. 180pf. . INLINE SOCKETS .
220pt. 330pt & 390pt, 270pt 16161 ‘£0.60 o. Price 126 pages packed ‘wuh
MC3 2;\:."‘3‘”773’?’“;6%:5““609’:)03 oéze;;‘n 151 DIN/LSS 2.pin speaker 1672 '£0.10 valuable information
vi - b 3 'g0.
1000pt, 150001, 2200p! & 3300g! 16162 g0s0 | 152 DNIer 0 Le7s EoNs ORDER NOW
MEs) T mnanielcerane cangciio el Sac) 154 DIN 5.pu 240 1675 ‘€018
valye — 5600t 680pf 820pl. 155  Jock e 2 5 1676 '€£0.08 ONLY 50
1000p!, 15o(fpf 22009t &.3300p! 16163 ‘€0.60 S8 Jeokuling igiamm =959 p
: IS6  Jack infing 3 5mm 1677 °‘£0.08 lus 15p D&
157 Jack ' mono plastic . 1678 °'£0.14 P P p&p
IS8 Jack %’ mono Chrome 1679 "£0.28
1S9 Jack stereo plastic 1680 °£0.20
1S10 Jack siereo Chrome 1681 '£0.42
V A T IS11 Phono screened 1682 °£0.12
R E l afmsae 1512 Car aerial 1683 '£0.22
Add 12%% to prices IS13 Coax television 1684 '£0.40
Please word your orders xed * Add 8ypu/ ? 1S14 Coax back-back 1685 "£G.21
exactly as primted, not markeo © 18%2% 10 | 1516 2pin AC connector US . 1686 £0.21 B
Y P others excepting those 1S17 Phono plastic 1687 "£0.12 .
forgettingtoincludeour § ooy t these are 1518 Back 10 back phono 1688 £0.24 P 0 BOX 6
part number. Zero - - ’

PEP

Postage and Packing add 25p unfess
otherwise shown. Add extra for
airmail. Minimum order £1.00

WARE . HERTS

18 BALDOCK ST., WARE, HERTS.
AT  OPEN 91t05.30 Mon/Sat. Tel: 61593




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

OUR PRICE ONLY

£20.56

The 450 Tuner provides instant program selection at the touch
of a button ensurning accurate tuning of 4 pre-selected stations,
any of which may be altered as often as you choose, by simply
‘changing the settings of the pre-set controls.

Used with your existing audio equipment or with the Bi- KITS
 STEREO 30 .or the MK60 Kit etc. Alternatively the PS12 can'
be used if no suitable supply is available, together with the
" Transformer T538.

The $450 is supplied fully built, tested and aligned The unit is’
, easily installed using the simple instructions supplied

M TUNER

Fitted with Phase Lock-loop Decoder

PUSH-BUTTON

STERED MPA,

30

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

input socket for ease of connection

Full instructions supplied.

* FET Input Stage

* VARI-CAP diode tuning
* Switched AFC

* Multi turn pre-sets

* LED Stereo Indicator

Typical Specification:

Sensitivity 3y volts

Stereo separation 30db

Supply required 20-30v at
© 90 Ma max.

POSTAGE &

STEREO PRE—AMPLIFIER

Frequency Hes';—:‘nnse ¥

A top quality sterec pre-amplifier 20KHz. Sensitwity of inputs

and tone control unit. The six 3. Radio Tuner 100mV into
push-button selector switch pro- 100K ohms
vides a choice of inputs together 3 Magnetic P.U. 3mV into
with two really effective filters for 50K ohms

high and low frequencies, plus tape

output. 1dB from 20Hz to 20KHz
MK. 60 AUDIO KIT: Comprising -0 ~ 2035V 21 20mA
2 x AL60's. 1 x SPMB0. 1 x Dimensions i
BTMBO. 1 x PA100. 1 front panei 293mm x 89mm x
and knobs. 1 Kit of parts to include '

on/oft switch, neon indicator,
stereo headphone sockets plus
.instruction_ booklet. COMPLETE "
PRICE £29.55 plus 85p postage

TEAK 60 AUDIO KIT:’

Comprising: Teak veneered cabinet
size 163/4”)(1 14"x3% 7 other
parts include aluminium chassis,
heatsink and front panel
brackét plus back panel

and appropriate sockets
etc. KIT PRICE £10.70,
plus 85p
postage.

SPECIFICATION:

@ Load Impedance 8-160hm

TdB 20Hz -

1 Tape Input 100mV into 100K ohms

P.U. Input equalises to R1AA curve with,

e 20-30

AMPLIFIER MODULES

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

4 ® Size: 75mm x 63mm x 25mm

/~ @ "Frequency response +3dB Po=2 watts 50Hz-25Hz

@ Sensitivity for Rated O/P — Vs=25v. RL=8ohm f=1KHz 75mV.RMS

AL20 5w R.M.S. £2.95 AL30 10w R.M.S. £3.25

PACKING

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

UUR PRICE

£13.75

R.M.S.

P&P45P

£16.25

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 qualnty audio unit suitable for use with a
wide range of inputs i.e. high quality ceramic pick-up,
stereo tuner, stereo tape deck etc. Simple to instail,
capable of producing really first class results, this unitis
supplied with full instructions, black front panel knobs,
main switch, fuse and fuse holder and universal
mounting brackets enabling it to be installed in a record
plinth, cabinets of your own construction or the cabinet
available. ldeal for the beginner or the advanced

The AL20 and AL30 units are
similar in their appearance and in
their general specification. How-
ever, careful selection of the plastic
power devices has resulted in a
range of output powers from 5 to
10 watts R.M.S.

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

constructor who requires Hi-Fi performance with a
minimum of installation difficulty (can be installed in 30
mins)

TRANSFORMER £2.45 plus 62p p &p.
‘TEAK CASE £5.25 plus 62p p & p

13mm.

enthusiast

* Max Heat Sink temp 90C. % Frequency response
20Hz to 100KHz * Distortion better than 0.1 at 1KHz
Supply voltage 15-50v * Thermal Feedback * Latest
Design Tmprovements -x Load — 3,4,8, or 16 ohms *
Signal to noise ratio 80db * Overall size 63mm. 105mm.

Especially designed to a strict specification Only the
tinest components have been used and the latest
solid-state circuitry incorporated in this powerful httle
ampiifier which should satisfy the most critical AF

pletely redesigned
for use with AL
20/30 Amplifier

on/off ]
Balance, Bass and Treble controls. Complete

Frequency Response 20Hz-20KHz" _with tape output.

(—3dB). Bass and Treble range m 70
L]

12dB. Input Impedence 1 meg ohm.
tnput Sensitivity 300mV. Supply

Power supply for AL20/30,
PA12, SA450 etc.

PAIZ ==

Pre-Amplifier com-+

25 Watts (RMS)

£4.35

Stabilised Power Supply Type SPM80

SPMBO is espemally designed to power 2 of the AL60 Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of up to 1.5A at 35V. Size: 63mm. 105mm. 30mm.

£3.15

Incorporating short circuit protection
Transformer BMT80
£2.60 + 62p postage

requirements 24V .5mA. Size 152mm
OUR PRICE

x 84mm x 33mm.
£1.30

PS12

WARE,
HERTS.

18 BALDOCK ST., WARE, HERTS
OPEN 910 5.30 Mon./Sat. Tel. 61593

input voltage 15-20v A.C. Output voltage 22-30v D.C'
Output current 800 mA Max. Size 80mm x 43mm x 26mm.
Transformer T538 £2.30

SHOP
AT




Right — now you’ve stopped
staring at the picture can we
proceed with this month’s news.
Thank you. Once again our old
friends CBM have managed to get
in on the act. The above watches
— yes watches — represent their
long-awaited entry into the digital
watch market — with the 5,000
series. All three use a common
module, with the casings making
for a price range of
£17.50£21.00.

The watches are five function
with single button control of the
LED display. 12L has been used for
the clever bits, and the whole thing
is put together (and through a
pre-sale hot and cold aging
process), in Nice.

“CBM are mustering arms and
men to launch a range of LCD wrist
compressors later in the year
{they'd better be quick!) although
details are very sparse at present.

Commodore are undoubtedly
best known though, for the
millions of calculators they turf out
every year, and for the ‘specialist’
pre-programmed monsters lurking
therein, i.e. the Statistican S61,

v ¥

the Navigator N60 and of course
the SR4190R. To add to this herd
now we have a user programmable
machine called, somewhat
appropriately, the PR100.
S

Features include 10
independent addressable

memories, 72 program steps
and 30 mathematical functions

vSldise Sty

already on the keys, along with the
usual conversion factors and 8 +2
digit display. The price is £49.95
including charger.

For those who don’t have to
solve three simultaneous partial
differential equations in five
variables each and every day, but
might have to figure out some
simpler mathematical paradox, the
new X24 might be more

appropriate. This is an unusually
styled, aluminium cased 'Slimline’
device with four function memory
and % key. Batteries are
rechargeable and the price
(non-rechargable) is £17.95.
Expect the discount axe to fall on
these prices. Both machines should
be in the shops in time to become
that Xmas present you want but
never get!

BBC 500, WALES 53
On Friday, November 11, Auntie
opened her 500th colour tefevision
transmitter. This is sited in
Montgomery, Wales, and serves
30,000 people. It is the 53rd
transmitter in Wales. The first UHF
transmitter went into service at
Crystal Palace in 1964, and now
the BEEB are opening small relay
stations like Montgomery at the
phenomenal rate of one a week!
500 in 12 years, including 47
major installations some of which
can pour out in excess of 1MW, is
quite an achievement.

By comparison it took nearly 20
years to install the VHF network of
110 stations. Well done the BBC.

REELS OF RED TAPE?
Tandberg are engaged in furious
negotiations to open themselves a
new factory — behind the red
drapes of all places. A tape
recorder factory capable of
400,000 units per year is the
objective, with ‘know-how’
agreements on Tandberg products
and production equipment.
Tandberg would provide assistance
with the factory, and with -
maintaining ‘compatibility with
Tandberg products and quality
levels.””

| hope they aren’t russian into
anything!

e



IRONING OUT TIPS AND CORDS
Two unusual ways of getting
heated in the right spot.

The first is the Iso-Tip "Quick
Charge’ cordless soldering iron.
This uses nickel-cadmium batteries,
and takes 5 of the time of its preceding
brethren to attain a recharged
state. Tip performance is equivalent
to a 50W iron, and heat-up time
(to 370°C) is 5 secs. About 50-70
joints/charge should be possible.

The working base incorporates a
neat light to illuminate
your soldering and the fow voltage
is claimed to eliminate leakage and
the need for earthing. A wide
range of accessories is available.
The second black sheep is a
very ingenious temperature
controlled iron which is entirely
self-contained. No control box is
needed, and the working

temperature is adjustable over a
range of 300-425°C. A control
unit is built into the handie which
pulses the current into the element,
and the temperature sensor is
focated virtually in the tip. Titled
the Oryx 75 it comes from the
same stable as the Iso Tip namely
Electroplan Ltd, P.O. Box 19,
Orchard Rd, Royston, Herts, SG8
5HH.

CALCULATING ON A NATIONAL
SCALE

Three new buttcn-boxes from
National Semiconductors emerge
this month. The 852 is a basic
scientific machine with 5+ 2
display with all the trig and

log functions etc with memory.

It carries a £16.50 RRP after VAT,
before discount. The 4650 and
4660 are increasingly more complex
scientific creations, carrying tags of
£39.95 and £59.95 respectively.
The latter boasts 3 memories with
statistical functions such as %

and X and has 3 angular

modes available. Chargers are
naturally included in the

RRP's.

HEARD OVER THE GARDEN
(NAND) GATE?

A new audible logic level checker
has risen to the surface of Litesold
Ltd. The LC1 lets loose a high tone
on a 'I’ state and logically, a low
one for a ‘o state. In the presence
of a pulse train it warbles. Suitable
for TTL or CMOS if can detect
pulses down to 200nS, is claimed
to place no load on the circuit
under test (. . . and comes
complete with Karnaugh Map to
play God Save the Queen?)

~ Litesold Ltd, 97-99 Gioucester
Road, Croydon, Surrey.

BOARDING PARTY

vvS 113

Full size 81 x 64mm.

This is the PCB track pattern for the Heart-Rate Monitor, ET/
Project Number 544, which was omitted from last month's
article. Copies of the board were sent to our regular PCB supplier
advertisers, and so should be available from them in the usual
manner. See the Mini-Ads section in this issue
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‘MPU DVM LINK UP

Fluke has introduced the 8500A
digital voltmeter, which is a
bus-oriented, microprocessor
controlled measurement system
capable of registering a.c. and d.c.
votage and current, and resistance,
by the addition of plug-in modules
accommodated in available
locations in the bus structure.

D.C. voltage measurement and
d.c. ratio are standard features.
There are five d.c. voitage ranges
from 11V to 1,200V with a basic
accuracy of £0.001%, while a.c.
voltage is measured with one of
two options; the O1, has an
accuracy of 20.05%. An ohms
converter offers 4-terminal
resistance measurements from 10

ohms full scale to 100 megchms
full scale, to an accuracy of
+0.03%. A.C. and d.c. current
measurement, from 1nA to 1.28A
are also included.

With its microprocessor
controller, the 8500A allows for a
calibration memory option, which
will calibrate all ranges of all
functions from the panel by simple

one stroke keying of the calibration
offset at each cardinal range point.
Once the range calibration error
is entered, the precise proportion
of correction required from zero to
end scale is automatically added to
or subtracted from the display. All
calibration corrections remain
permanently in non-volatile
memory, unless re-calibrated.

“runners-up were: P. C. INGLIS, 14

LOGICAL SWITCHING

This little lot represents quite a
versatile range of DIL switches
from Highland Electronics. The
options include 2, 3 or 4
‘change-over’ packs 1 or 2
double-pole double throw packs
and toggle or rocker operation for
panel or PCB operation. Details
and data sheets from Highland
Electronics Ltd, 33 Dallington
Street, London EC1V 0BD.

FARADAY STROLLING AROUND
— ON WATER

This year’s Faraday lecture is to be
given by the R.N. and is entitled
‘The Electron Rules The Waves’.
(Doesn’t seem so long ago Britain
used to does it? . . . Ah wel)
Keeping to tradition the
accent will be on practical
demonstrations, and the theme will
be the many electronic aspects of
H.M. Navys’ ships and warfare
techniques. Venues still to be
covered at date of going to press
are:
BRISTOL — Colston Hall, 9/10
December.
BIRMINGHAM — Town Hall,
17/18
January (4 performances).
LONDON — Wembley Conference

Centre, 3 February (3
performances).

SHEFFIELD — City Hall, 10/11
February (3 performances).

MANCHESTER — Free Trade Hall,
28 February/1 March (4

performances).

BRADFORD — St George's Hall,
8/9 March.

LEICESTER — De Montfort Hall,
15/16 March.

NEWCASTLE — City Hall, 22
March (2 performances).

EDINBURGH — Usher Hall,

28/29
March.

GLASGOW — City Hall, 31 March
(2 performances).

LIVERPOOL — Philharmonic Hall,
27728 April (3 performances).

SOUTHAMPTON — The Guildhall,

3/4 May.

REMEMBER REMEMBER
A 16-page brochure describing the
full RCA Solid State line of
memory products is now available.

The brochure gives basic
parameters and benefits for six
C-MOS memories (five static RAMs
and one ROM), ranging from 4 x
8s 10 512 x 8s; static and dynamic
n-MOS RAMs, both 1K and 4K
types; and three static 1K SOS
RAMs. -

Copies of the brochure may be
obtained by writing to RCA Solid
State — Europe, Sunbury - on-
Thames, Middiesex, TW16 7HW.

TIMELY COMPETITION
WINNERS

Despite the omission of a clue from
our October issue competition,
around 700 of you managed to
unravel it, and come up with the
answers! Alas not all of you got
them right! One person who did
was F. |. WOODWARD, 24 Sand's
Way, Benson, Oxon, and we
declare him the winner. The nine

Arbour Lane, Chelmsford, Essex; K.
N. METCALF, 90 Wayside Green,
Woodcote, Reading, Berks; C. R.
GALE, 23 Military Road, Gosport,
Hants, A. J. DINGLE, 81 Brandreth
Road, Lady Mary Estate, Cyncoed,
Cardiff, Gwent; C. E. UNDERY, 5
Holywell Court, Trinity Road, Luton,
Beds; D. P. FRANCIS, 22 Finglen
Gardens, Milngavie, Glasgow;, P.
WINTER, 29 Keedwell Hill, Long
Ashton, Bristol: K. HARIA, 138
Birchfield Road, Northampton,
Northants; C. THOMPSON, 11
Bernadette Crescent, Carfin,
Lanarkshire.

To all of you who entered and
failed — better luck next time and
thanks for entering.




Metac Digital
~ Watcher

NEW TO METAC __NEW TO METAC _

WATCH

Continuous display with

backlight.

Hours, mins, secs, date,

month. Automatic 28, 30,

31 day calendar. Metal

bracelet in choice of gold or
inl steel. Slimli

case.

£33.95 5o, - NS
. TRNY Y TLESEA N ﬁ

J' TLC6 TV {TLC6 B \
LIQUID CRYSTAL ) LIQUID CRYSTAL
ELECTRONIC o 7 &% ELECTRONIC

WATCH

Continuous display with
backlight.

Hours, mins, secs,

date, month. Automatic 28,
30, 31 day calendar. Meta!
bracelet in choice of gold or
rhodium. Slimline case.

£33.95 Svesis.
.

y TLES TV
QUARTZ CRYSTAL

ELECTRONIC 8},’¢§TT§L
8wseApI|gtI:functions, ELECTRONIC
Hours/minutes/day/date/ WATCH

a.m./p.m. indicators/Auto-
Fade. Available in 18ct.
Gold/Rhodium plated.
Slimline Case.

A7
§ Yaeot, £24.35 5 eme, e

A QUALITY WATCH A GENUINE BARGAIN

You save £15.00 on retail price You save £17.00 on retail price
' - : T BRITAIN'S TOP SELLING DIGITAL
- , ; ‘MISTRAL DIGITAL\ / ELECTRONIC CLOCK

1 Bright Planar Gas digit
CLOCK - display. A.M./P.M.
Indicator and flashing
second indicator, 24
hour bleeper alarm, 5
minute repeater. Mains
failure indicator. 5''
across x 372" deep.
Attractive white case.
Thousands sold.

In kit or built form. Large
4 digit display. Push
button setting. 12-24 hour
read out. Pleasing green
display. Pulsating second
indicator. Build in 1 hour.

. [ ] ‘ N ”
Complete kit £11 o7lnc|. V.AT. Recommendedyﬁetad it Poxs
L Built Clock £14'95|nc|. v.A.T.f \ Price £17.95 £13'95|ncl.v,A_T,/

IMPORTANT. 2 veARS' UNCONDITIONAL GUARANTEE IS WHAT IT SAYS. A COMMITMENT BY US TO REPAIR OR REPLACE AT
OUR DISCRETION ANY METAC WATCH OR CLOCK FAILING TO GIVE SATISFACTORY SERVICE DURING THE FIRST 2 YEARS OF LIFE
THEREAFTER TO SERVICE THE PRODUCT AT A FAIR AND REASONABLE PRICE \

NOW AVAILABLE. AMAZING VALUE LIQUID CRYSTAL ELECTRONIC DIGITAL

YLl d {2 WATCH. HOURS, MINS, PULSATING SECS. METAL BRACELET.
, £24.50 COMPLETE. NO MORE TO PAY

METAC IS EXPANDING

Now you can buy Metac quality watches and REMEMBER with every WATCH you get METAC SUPER ~
clocks direct from our showrooms at Mail Order COVER.Full 2 years guarantee. Two year replace or repair if faulty,

Prices. Free Calibration check 1st, 2nd & 3rd year. Free Technical advice.
Visit: ' To METAC INTERNATIONAL, 67 High Street, Daventry,
z ; hants. Tel. 03272 76545.
METAC, ELECTRONICS AND TIME CENTRE I NSRRGSR
67 HIGH STREET, DAVENTRY, NORTHANTS " TRy ke
ame . ...

and see for yourself the full range of top quality
watches, clocks and other consumer electronic [Nl T
products. . I enclose cheque/Postal Order/Money Order ;
UVE LGN 3R T D D T ITL YT -1 SO T T PO BT TY | | wish to pay by Barclay Card/Access and my number is

opening in your area. Signature . . .. . ....... [ ]
Stockists of all types of electronic watch batteries. \Mail Order Customers,  Trade enquiries welcome
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ETI project 444

This sir_nply—constructed amplifier gives high guality reproduction for
surprisingly low cost. The five watts per channel output is sufficient for the
average listening room even when inefficient loudspeakers are used.

THIS PROJECT UTILISES A NEW
advance by IC manufacturers. A few
years ago no one would have
believed a complete stereo hi-fi
amplifier could be made from just
two [Cs plus a few passive com-
ponents. Today more and more
components are contained within
the IC so a power amplifier is as
easy to use as an op-amp.

Easy to build — Readers who were
previously apprehensive about
building audio power amplifiers
should have no trouble with this
design — there is little to go wrong.
Adequate Power — The output is
unlikely to be found lacking unless
the loudspeakers are very ineffi-
cient. Speakers of this type usually
belong to the hifi enthusiast who
spends lots of money on his system;
the inefficiency of the speakers is
compensated for in the amplifier. In
an average set-up it is unlikely that
you would, under normai listening
conditions, be able to tell the
difference between the ET!444 and
a twenty watt amplifier.

10

MEASURED PERFORMANCE OF PROTOTYPE

ETI 444

POWER OUTPUT

Into 8 ohms
DISTORTION

At 3 watts out

At 4 watts out

At 5 watts out
FREQUENCY RESPONSE

High-level input

SENSITIVITY
Magnetic input
High level input
LOAD IMPEDANCE
INPUT IMPEDANCE
Magnetic input
High level input
SIGNAL TO NOISE RATIO
High level input

Phono input (ref 10 mV in)

5 watts per channel

0.15%
0.5%
3.0%

+10 dB

T3 S5 4 Hz10200 kHz

1.5 mv
190 mV

8 ohms or higher

approx. 100 k
approx. 10 k

67 dB
64 dB unweighted
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FIVE WATT HI-FI AMPLIFIER

LM379 — National Semiconductor
recently supplied ET! with samples
of their new dual five-watt audio
amplifier IC — the LM379. The
circuitry around the IC is very
simple in comparison to most of
those previously available. The gain
is set in a similar way to that for an
operational amplifier: by the ratio of
two resistors in the feedback
network. In addition the iC features
internal stabilization, current limit-
ing and thermal protection.

‘wﬁ’ -
&

‘

;\‘»:

24

o

Preamp — We decided to try the IC
in _conjunction with the dual low-
noise preamplifier IC also from
Nationa! Semiconductor — the
LM382. The combination results in
a simple stereo amplifier which
works very wel! indeed.

Whilst tone control could be
achieved very simply it was decided
that the performance of the ampli-
fier deserved good treatment. So we
use more effective tone controls.

The result is a five-watt stereo
amplifier, ETI444, simple and
inexpensive to build, and with a
surprisingly high performance.

CONSTRUCTION

As with most straightforward pro-
jects the use of a printed circuit
board is not only desirable from an
ease of construction point of view,
but it also helps to ensure identical
results to those of our prototype.
The components may be assem-
bled to the board in any order but
we find it preferable to assemble the
low-height components first, e,
resistors, diodes. Before installing
IC2 make sure that a hole of about 6
mm diameter is drilled in the board
at the end where the heatsink is to

—How it worlss

THE OUTPUT OF a magnetic cartridge is
normally of the order of 5mV at 1kHz.
However, in the recording process the high
frequencies are rccorded at a higher ampli-
tude than the low frequencies (in order to
reduce noise). The curve of amplitude-
versus-frequency that is used is known as
the RIAA curve. When the record is re-
played the reverse charactcristic of gain-
versus-frequency must be applied to restore
a flat frequency response. This process in
the amplifier is known as equalization.

The first stage of the ETI 444 amplifier
uses an LM382 dual low-noise preamplifier
IC. This stagc is designed to amplify and to
equalise the output of a magnetic cartridge,
Note that many of the resistors needcd to

bias the IC (and to provide equalization) -

are provided within the chip and very few
external resistors are reqired to make it
function as an RIAA compensated amp-
lifier.

The second IC is an LM379 — a dual
sterco power amplifier which provides
six watts RMS per channel with supply rails
of £13 volts. The IC is unusual amongst
power amplifiers in that it can be used in a
similar fashion to conventional op-amps
(cxcept that it is capable of driving a low
impedance load of 8 ohms),

The gain-versus-frequency response of the
power amplifier is set by the bass and treble
controls. The overall gain is set by the ratio
of 1 + R15/(R17 + RV4). The part of RV4

corresponding to a particular amplifier is
that between the wiper and the outside tag
connected to the amplifier. Thus the gain of
the two amplifiers may be varied different-
ially by varying RV4 (which acts as a
balance control). The level of the input to
the power amplifier is set by RV1 (which
acts as a volume control). Switch SW1
selects the input to the power amplifier
from either the RIAA power amplifier or
from tuner tape or auxiliary inputs as
required

The power supply is simply a bridge
rectifier and centre-tapped transformer
arrangement which provides %12Vdc., With
both channels driven this is adequate to
provide an output of SW per channel before
clipping.

ELECTRONICS TODAY INTERNATIONAL-JANUARY 1977
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FIVE WATT STEREO

AL " 6-0-6/0¥2 _ o £
sﬁoooplﬁ AOVZ zms s
- =T ; ;
A ]
_ A0 -2 , , g
AZL— - A9l £
vm: 470001 1 ; s
1Nd1N0 0L 610 % /\06Z @
LHDIY Leo rﬁ# rHL... 47EE0°0 , 3
AZL+ e ! l 1 L 2] 3 375100°0 i 3
; ‘tf— - 3snd 99 2 c
- F—A— g
19005 00t - 2
o9 ALY vy a— uw
915 H
ziy -0—
VA
19l 3749341 oy T
47001 MM b era =
810 |4 A~ zZ/lend =
ALz
0 vLY —Iﬁ
8Ly )
- 41z20'0
—_— pLD
Al _ o XNY 3dvi H3NNL
vAM 4 Nmﬁv_w SLNdNI LHDIY
4751000 A

SO 3-]

L/LMS

XNV 3dVL HaANNL
SLNdNT L3437

ELECTRONICS TODAY INTERNATIONAL—-JANUARY 1977

12



be mounted (after the IC is
installed). Take care that all polar-
ized components, such as diodes,
ICs, electrolytic capacitors and
integrated circuits, are mounted
with the correct orientation.

Solder 25 to 50 mm lengths of
tinned copper to each of the lugs on.
the potentiometers and then mount
the potentiometers in the appro-
priate position by threading the
tinned copper wires through the
holes provided in the printed-circuit
board. Pull the wires down so that
the lugs are almost flush with the
board and the potentiometers are all
in line. Then solder the wires.

The heatsink may now be
mounted onto 1C2 using a single
‘'nut and bolt. Care must be taken to
ensure that the heatsink does not
touch any of the potentiometers as
it is at a potential of —12 volts.

The unit may now be mechani-
cally assembled by securing it to the
front panel by means of the
potentiometer shafts and nuts, and
by fitting two 6.4 mm spacers
between the rear of the board and
the chassis.

Finally wire the unit as shown in
the component overlay diagram. @

240V CABLE]

f coner 1
EARTH

CONNECTED

TO CHASSIS

LUG ON BACK
PANEL (DOUBLES
AS EQUIPMENT
EARTH).

FUSEHOLDER

AOYT

TRANSFORMER

oWV

continued overleaf

OUTPUT
SOCKETS

80.

HEATSINK
SHOWN DOTTED

—

i T
f i (
La 7 FOLD HERE

e

MATERIAL 1mm ALUMINIUM
ANODISED OR SPRAYED BLACK

NB: Do not paint area of heatsink
that is in contact with the IC.

SHIELDED
CABLE

PHONO

Fig.3. The heatsink for the LM379. The
heatsink described will get quite hot
when the amplifier is run at full output.
If it has been blac kened by painting it
may smell a little at first but this will
soon pass away. For normal domestic
listening this size heatsink will be found
to be entirely adequate but if the ampl ifier
is to be run continously at full sinewave
output it would be advisable to increase
the size of the heatsink. No damage can
be caused by using the smaller heatsink
however as the IC is thermally protected
and will simply shut down if it gets too
hot.

SELECTOR SWITCH
SHOWN FROM REAR |

TAPE  TUNER
P L P

AUX.

ALL WIRES TO AND FROM THE SWITCH
SHOULD BE SCREENED. OUTERS
SHOULD BE EARTHED AT THE ENDS
REMOTE FROM THE SWITCH.

RIGHT
INPUT
SOCKETS

Fig.2. PCB overlay and interconnection diagram.

ELECTRONICS TODAY INTERNATIONAL-JANUARY 1977 13



FIVE WATT STEREO
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—Parts List

Fig.4. PCB Pattern (full size).

Capacitors Switches

. C1,2 0.1 pF poly SWi 2 pole 4 position rotary
Re”;’“’" . C3.4 0.33 pF poly- Sw2 2 pole rocker
25‘4 }C;(O K W ,E?% Cb5.6 0.0015 pF poly/ceramic Miscelianeous
R 6 5K6 C7-C12 10pF 16V ) 2 Two pin DIN sockets
R7 8 27 k C13,14 0.002 pF poly/ceramic 2 Four way phono sockets
R94 10 47k ; C15,16 560 pF ceramic 4 Rubber feet

: 3 C17.18 100pF 16V 2 6.4 mm spacers

m;"uzl g‘;ﬁk s . €19,20 2200 pf V' 5 Knobs
R1516 10K - , c21 10pF 16V 3 Core flex, plug, clamp, grommet
R17.18 100 ; c22 0.033 pF 250 V ac and earth tug

* 1000pF 16 V will do if 2200 pF
is not available. -

Semiconductors

Potentiometers
RV1 10 k log rotary dual
RV2 25 k lin rotary dual

Panel mounting fuseholder &
250 mA fuse to suit.
Screened cable

RV3 100 k lin rotary dual D1-D4  1N4001 or similar gzzgsink to Fig. 3.
RV4 500 ohm lin rotary wirewourid IC1 LM382 V Neon indicator
1C2 LM379 Transformer 240V to 9-0-9V 1A

PC board ETI 444 Ramar, Crofton, Tamtronik, etc. Price from Ramar is £1.50.

Chassis 3 19x190x60mm (Type A) from H. L. Smith & Co., 289 Edgware Road, LONDON W2 Price is £1.72.
Case 341x201x85mm (992-779), £3.38, from Doram Electronics Ltd., PO Box TR8, LEEDS LS12 2UF.

LM379, LM382 £6.15 the pair from A. Marshall (London) Ltd., 40-42 Cricklewood Broadway, London NW2 3ET
All quoted prices are inclusive of VAT and postage

Special Reprint from ETI

f TRANSDUCERS IN
TRANSDUCERS IN MEASUREMENT

MEASUREMENT
AND CONTROL AND CONTROL

ETI. The series appeared a couple of years ago in the
magazine and was so highly thought of by the University
of New England that they have republished the series
splendidly for use as a standard text book.

Written by Peter Sydenham, M.E., Ph.D., M.Inst.
M.C., F.1.1.C.A., this publication covers practically every
type of transducer and deals with equipment and
techniques not covered in any other book.

ET!I-UK have obtained a quantity of this fine book and it
is available at present only by mail from us. Send to:
Transducers in Measurement and Control, ETl Specials,
Electronics Today International, 25-27 Oxford Street,
London W1

by PETER H SYDENHAM
M.E., Ph.D., M. Inat. M.C., F.LLC.A.

£2.75 inc. postage

Enquiries from educational authorities, universities and
colleges for bulk supply of this publication are welcome.
These should be addressed to H. W. Moorshead, Editor.
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BIAS

Ron Harris reports on

SOME MONTHS AGO we ran a short
item about a device totally unknown
in this country at that time - the VCT
or Voltage to Current Transattor. Well
now we hope to make it considerably
less unknown. The VCT will get get its
commercial launch from Texas Instru-
ments early in 1977, no doubt accom-
panied by the usual choir of angels and
200 piece brass band.

So before all the shouting begins
we went to talk to the co-inventor,
Professor W.Gosling of Bath University
where the device was initially develop-
ed. If you're sitting comfortably we’ll
begin!

The basic op-amp has been with us
since the days of the valve, and when
semiconductors crept up on us, it was
simply re-designed to use transistors.
-This, in the opinion of many designers,
means that the advantages of transist-
ors are not being fully exploited.

BASIC IDEAS

One of the better improvements to
the basic op-amp was the comparator
input designed by Carl S. Brinkler - a
name to which we shall return - and
patented in April 1965. However Mr.

Brinkler was still dissatisfied with the
op-amp and some years ago began
discussions with Professor Gosling,
with a view to producing a totally new
circuit block. The basic guidelines
were finally set as being that
1. No feedback should be needed to
stabilise the device by limiting the
high frequency response, or to define
the stage gain.

2. Both the input and output ports:
must be totally floating - a true four
terminal device. This leads to much
greater freedom with respect to the
output - it can quite simply be fed into
anywhere!

3. The output should be a constant
current source i.e. very high imped-
ance. Then, should a voltage output be
required at any time, a resistor need
only be inserted across the port.

TEXAS AND THE PROTOTYPES

In 1974 Texas Instruments author-
ised Carl Brinkler to undertake
research into producing such a device.
Because of the scope and magnitude of
the task, it was to be a joint under-
taking with Bath University i.e.

Fi'g. 1. Internal circuit of the protptype VCT. The ‘R’ in the middle is external.
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Professor Gosling. In the autumn of
1974 the microcircuit design was
breadboarded up for the first time
with discrete components, and early in
1975 the first 1.C.s rolled out of the
ovens. The first vast improvement over
the op-amp to become apparent was
the slewing rate, up to 20V per
microsecond, as compared to
0.5V/microsecond for the 741

The offset on these prototypes was
=10mV due to the layout not being
totally symmetrical. Production
models, when they appear, will have a
much much lower offset. Up to this
point in the proceedings, the project
had been running on a shoe-string. But
with the prototypes showing this
incredible potential, Texas whipped
the whole show off to Dallas for devel-
opment. They feel the VCT is the
greatest advance in circuit design for a
long time, and we have to agree with
them. )

ABILITIES IN CIRCUIT

Let’s take a look at what the VCT
will do. Figure 1 shows the internal
circuit of the Mark 1 VCT. The thick
lines represent multiple emitters,
and these provide the current gain.
Y ou may recognise the current mirrors
around the top centre of the circuit.

The agreed symbol for the VCT is
shown below, the circuit is that used ~

| | bias current

The agreed symbol for VCT.
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Rk - vCT

for all linear applications. For a volt-
“age input, we get a pure constant curr-
ent output. Both input and output
impedances are very high, around 10s
of Megohms in the production devices.

There is a fixed ratio between Vip
and lp, which is set by one fixed resist-
or R. i.e. Io =k 1/R Vjp. The constant
k can be designed to be any value - it
will be four in the Texas VCTs. A bias
current is applied down BR, and the.
device can only output twice as much
current as it draws through BR. Early’
devices will be 20mA output VCTs,
but later marks will be up in the amps
range. A +15V rail is used with the
VCTs, and a 13Vsignal is quite perm-
issable!

Some circuits now, for instance an
amplifier:

Non-inverting:

VCT as an amplifier.

Voltage gain = k. RL/R

The simplicity of gain inverting arises
because the output port naturally has
a fixed phase relationship to the input.
Since we get a current out for a volt-
age in, a VCT connected thus:

VCT as a simple resistor.

16

Rk

will look like a resistance; value R/k
ohms.

Consider however a device cross
connected:

VCT working as a negative resistance.

What we have now, looking in at the
input terminals, is no less than a negat-
ive resistance! i.e.

Vin= —const.lg.
What's more, the transfer character-
istic is perfectly linear!

Applications are literally infinite.
Anything an op-amp can do, so can a
VCT - only usually it does it better!
For instance an integrator:

v input o—-~\

—

out

L__._”.
'll—lr-4

At point A we have [Vjp dt since the
output is a constant current which
follows the input voltage. If we feed
back this integral to the input so:

VCT differentiator.

the output will be the differential of
Vin.

Gyrators are by now quite common
place, but what about one which can
reach inductor values of 10s of Henrys
and with a Q of well over 100? Easy!

A VCT gyrator. -

Values of Q up to 200 have been
achieved experimentally. This circuit
introduces the concept of using two
VCTs together. Texas are packaging
the VCT in a 16-pin DIL dual package.
There are more pins to a VCT than a
741, since we have those already ment-
ioned, plus a centre tap on the output
which is not always used, but extends
the versatility.

-

AMAZING GRACE

The application we found initially
most amazing is the VCT’s ability to
replace a transformer, better than a
transformer! All transformers exhibit
some power loss, but this circuit has a
selectable loss factor, which naturally
can become a gain if so desired.
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VCT as a transformer.

Transformer Ratio = (R1/R2)%.
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Choose R such that R2=R{R2 to give
no loss/gain in circuit i.e. a perfect
transformer.

The GPO are looking at this applic-
ation with a view to replacing all those
messy coils in telephones.

NON-LINEAR

We will consider just one non-linear
application to show it can be done -
that of a limiter. Since the VCT can
output only 2x bias current with

bias current

—0 . % RL

we will get a characteristic

IB RL

sooses osiveo

VouTr

RL

o..oo..oo.o]

very simply indeed with only two
resistors.

GAINS FROM LESS

It is apparent from the preceeding
circuits that one of the biggest gains
when using VCTs, is in reducing
external component count over a
similar op-amp or discrete circuit. In
industrial applications this will lead to
less P.C.B. design and assembly com-
plications, with resultant reduction in
costs.

Another gain is the fact that when
used as an inverting amp, no input
resistor is used to drop the signal, as it
is in op-amp circuits. In these circuits,
since the input is usually a virtual
earth, most of the signal is dissipated
in the resistor, with a resultant poor
signal-to-noise ratio upon amplific-
ation at the output. With VCTs no
resistor is required, and this gives a
distinct improvement in S/N ratio,
‘with the attendant gain in dynamic
range.

THE PRICE OF A FUTURE

One question remains - how much?
Well, this depends entirely on Texas
Instruments, and the marketing policy
they persue. No doubt the price will
be high at first, falling as the volume
of sales climbs, as it surely must.
Interestingly, the VCT occupies only
half the chip area of a 741 op-amp,
but whether this affects pricing
remains to be seen. We'll keep you in-
formed of developments, as we’re con-
vinced you’ll be hearing much more of
VCT in the years to come. @

OUR THANKS and congratulations to
Professor W. Gosling of Bristol University,
who provided the information for this
article.

 (OR 6AL)

ago we
announced the ETI T-Shirt—
the response has been

short time

enormous. Initially we just
wanted to sell the surplus
but we've had to reorder
twicel Made in cotton
(yellow with black printing)
these are available in three
sizes suitable for both sexes.
Send vyour cheque and
P.O. for £1.50 (payable
to Electronics Today
International) and  state
Small, Medium or Large.
ETI T-SHIRTS,

25-27 OXFORD STREET,
LONDON W1R 1RF
ALL PAYMENTS MUST

BE IN STERLING
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BUILD THE

TREASURE
TRACER
MK

METAL
) LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

Genuine’s sificon transistor Sircuit,
does not need a tranmsistor radio to

“ovperate.
e lncerporates umque varicap tuning
for extra stability.

' ¢ Search head fitted with Faraday.
screen to eliminate capacitive
effects.

e Loudspeaker or earphone operation
~ (both supplied).
o Dritain’s best selling metal locator,

kit. 4,000 already sold.

o Kit can be built in-two hours using
only soldering iron, screwdriver,’
pliers and side-cutters.

e Excellent sensitivity and stability.

e Kit absolutely complete including!

~ drilled, tinned, fibreglass p.c. board
with components siting printed
on.

¢ Complete after sales service.

¢ Weighs only 220z; handle knocks

down to 17” for transport.

Send stamped, self-addressed en-
velope for literatyre.

Complete kit gog A

wiapretie £14,79

searchcoll b el 00 P&P
Plus £1.18 VAT (8%)

Built, tested
and Gua:anteed
Plus £1.00 P&P
Plus £1.58 VAT (8%)

MINIKITS ELECTRONICS,
6d Cleveland Road, South Woodford,
LONDON E18 2AN

(Mait order only)
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Is this a high, low or a critical day in your life? Find

out on this

BIORHYTHM
CALCULATOR

The Casio Biolator is an eight-digit calculator with
built-in 99 vyear calendar and digital biorhythm

computer.

We all know of the monthly cycle of hormones in women, but
did you know there are similar cycles in all people, irrespective
of age or sex? At the beginning of this century a German
doctor discovered that the body is regulated according to
three cycles of differing periods. The 23-day cycle is the one
that describes variations in physical health, strength, endurance,
etc. In the first half of the cycle (days 2 to 11) the stamina

is high and the body is in good shape. In the second half of
the cycle (days 13 to 23) the body is more tired and prone to

iliness.

The theory puts special importance
on the crossover days, the days between
the positive and the negative halves of
the cycle. On these days the condition
of the body is undergoing its fastest
rate of change and the likelihood of
an accident or sudden worsening of
an illness is higher than at any other
time of the month. Days 1 and 12 of
the physical cycle are critical days.

The two other cycles concern the
condition of one’s mental performance
and this is looked at from two view-
points — activity in the subconscious
regions of the brain and activity in the
fully-conscious regions.

The theory holds that there is a
28-day cycle in the activity of the
mind’s emotional, or instinctive, pro-
cesses. For the first fourteen days of
the cycle one’s intuition is keenest,
the artistic side of your personality
is at its most creative and your natural
charm is at a maximum. However for
the next fourteen days life is more
humdrum and you are advised to

be careful with your relationships
with other people. On the critical
days (1 and 15) your non-rational side
is likely to dominate your normal
restraints, resulting in ‘irresponsible’
behaviour, slips of the tongue, quarrels,
etc. On the Casio machine this cycle
is called the sensitivity cycle.

The third rhythm is the inteliectual
cycle of 33-day period. When the
cycle is high, thinking power is at
its greatest; judgement, wit and con-
centration are at their best. When the
cycle goes low it is the time for mundane
work, for activities low in their de-
mands on concentration. Days 1 and 17
are the critical days when errors are
likely, when the memory might fail,
when accidents might result from silly
mistakes.

These then are the three biorhythms,
the physical (23-day) the sensitivity
(28-day), and the intellectual (33-day).
According to the theory all three
rhythms start their upward half-cycle
on the day you are born. And in the

1

¢3RRI

The biorhythm graph as printed on the front of the calculator. T.he P, S, and | wave-
forms represent the body’s physical, sensitivity {emotional) and intellectual cycles.
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first 58 years of your life each day will
be under the influence of a unique
combination of these three variables,

How the Biolator works

The Biolator is based on a 4-function,
3-register, 8-digit, calculator with auto-
matic constant. Readout is on a green
digitron tube display. This section
works just like an ordinary calculator
of this type: algebraic logic is used,
there is an overflow indicator, the
decimal point is fully-floating and
leading zeroes are suppressed.

Now to the interesting bit. This
can be examined from two aspects:
calendar calculation and biorhythm cal-
culation. The calender covers all dates
from 1901 to 1999 inclusive. It is ac-
cessed by inputs in the format: 76.10.
21. (for 21st October 1976) where the
three decimal points are lit by pressing
the DATE button after entering each
pair of figures. The calendar then replies
(instantaneously) by displaying 76.10.
214, the 4 after the - signifying
that the 21st of October 1976 lands on
a Thursday. By this method the day of
the week for any given date can be
calculated.

If after one date has been entered
the operator presses the — (minus)
button and enters another date, then he
can find the number of days between
these two dates by pressing the =
button. So 76.10.21.-4 minus 73.02.
09.-3 equals 1716 days. This facility
has obvious uses in calculating daily,
weekly, or monthly rates when you
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Physical
SPOUSE High
LOVER -
FRIEND -
CO-WORKER High
TEACHER -
SPORTS MATE High
CO-ADMINISTRATOR High

CO-RESEARCHER
SECRETARY v —

THE DESIRABLE AFFINITY CONDITIONS

Sensitivity Intellectual
Medium High
High -
High High
Medium High
High High
High -
High Medium
- High
Low High

know a specific quantity of a resource
was expended between two given days.

Biorhythm calculation

To find a person’s biorhythms on a given
day you first enter that date and sub-
tract the date of birth of the person
in question (as if you were calculating
their age in days). However, instead of
pressing the equals button after entering
the second date, you press the BIQ
button. The biorhythm computer now
replies by displaying —PP.SS.11—, wthere
PP gives the status of the physical
rhythm, SS the status of the sensitivity
rthythm, and Il the status of the intel-
lect rhythm. These numbers correspond
to the day of the cycle for each rhythm,
they do not show amplitude. To inter-
pret the numbers there is a graph above
the display and a chart on the back of
the calculator.

The product of 23, 28, and 33 is
21252 which means that there are this
many possible permutations of the three
rhythms, and these permutations follow
the same sequence for all people.

No matter when you were born
your biorhythms on day 14610 of your
life will be -06.23.25-. The Biolator
works by calculating your position
on its 21252-day biorhythm sequence.

Using the Biolator

In calculating your own biorhythms
you can arrange your diary to avoid
disappointment. Picking a day for
a wedding, for an interview or a driv-
ing test, planning an expedition or
training for .sportsmen, warning your
friends or family in advance of your
‘off’ days, etc., can be done with a
simple calculation,

The Biolator can be used to calculate
the daily condition of other people, too.
Businessmen can forecast the good days
for their key personnel (or the bad days
of their rivals!), team managers can pick
players as soon as they know fixture
dates, and so on.

Interesting conclusions can be drawn
when you consider the biorhythms

of two people, with respect to each
other. The time difference between the

individual rhythms of two people will

always remain constant — if two people’s
emotional rhythms are in phase they‘ll
always stay in phase. The difference
between the rhythms can be calculated
easily by finding the condition of the
older person on the day the younger
one was born, This then can be used
to map the affinity of the two people:
High affinity for one cycle is when
the two waveforms are in phase (the
difference numbers are high or low),
low affinity is when the waveforms
are out of phase (difference numbers
around half a period), and medium
affinity corresponds to a phase dif-
ference of about ninety degrees. On
the physical biorhythm, for example,
high affinity is shown by difference
numbers like 1 to 5 and 20 to 23, low
affinity is shown by numbers 9 to 16,
and other numbers show medium af-
finity.

To interpret the significance of af-
finity the table above has been drawn
up.

The Biolator comes with an instruct-;
ion booklet and a simulated leather
case. It is attractively styled in a plastic
case with a brushed aluminium front
panel,

LIKE THE MANUFACTURERS OF
THE BIOLATOR, THIS MAGAZINE
EXPRESSES NO OPINION AS TO THE
VALIDITY OF THE BIORHYTHM
THEORY. K

ayi.#

P

cfé; éLCA

The staff of ET1 msh all readem 4 meny 0Imfmas and 9 pmspemus New Year
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ETl project 570

Measuring the speed of your reactions can be fascinating. Our
project not only allows you to do this to a considerable degree of
accuracy, but allows for competition between two players.

THE MOST NOTICEABLE EFFECT
of a night on the ale, apart from the
revolving universe, is the immediate
slowing up of a person’s reaction time.
The project to be described here will
give an indication of that time,
measured to 1/100ths of a second.

There are three possible versions of
the project; which one you build
depending on the usage or abusage you
intend to subject the unit to. The
CMOS version is much more expensive
initially, but draws under half as much
current from. the batteries, and will
thus even up its cost over a period.
The ‘standard’ version if you like, is
the TTL circuit of Fig.1, which can be
run from a battery pack as a
portable unit.

PLAYING THE GAME

The tester provides an intriguing
party game which will cause many an
argument. It is set up as a contest bet-
ween two people, with indication of
who has won - and the winning time.
It might be an idea to take some read-
ings on the known drinkers at the start
of that party - and when their reac-
tions have slowed to half, pack ‘em off
in a taxil

Playing the game is simple. The
contestants man the switches on the
front panel, and a ‘referee’ takes the
remote start switch. By pressing this
he lights the ‘GO’ lamp on the panel,
and starts the timer. Whichever of the
players pushes his button first, lights
his own ‘WIN’ lamp, and stops the
count at his/her (equality year after
alll) reaction time.

20

CONSTRUCTION
Building up the ‘standard’ version is
best done by constructing the display
and counter sections first. Check the
former by applying a high level to pins
7.1, 2,6, in turn of ICs 3 and 4.
The numbers 1, 2, 4 and 8 will
appear on the display if all is well.
Remove the ‘decimal point’ pin on
the displays, this will vary from type to
type, ours were DL707s. This aids
location on the P.C.B. The lead from
the hand-heid unit to the main unit
must be screened - four-core individual
screen recording lead is ideal - other-
wise stray capacitance can ‘clock’ the
7490 without the switch being operat-
ed. Earth one end to pin 2 of the DIN
socket on the unit, and the switch end
to the output earth side.
We used a small Verobox for the

remote button, but this is obviously
not critical. If you are going to use a
mains supply, check the output of this
before applying Vee to the circuitry.
Too high {>7V) will send the logic to
join its ancestors on that great bread-
board in the sky.

Constructing the CMOS unit is
simpler. The display module comes
complete from Sintel (details in parts
list) so all you have to add is the oscill-
ator and switching circuits, as shown
in Fig.3. Once more - be carefuf with
the CMOS chips: don‘t handle them if
you can help it.

Possible modifications and add-

itions to the basic unit are legion. We

originally used a 7400 as the oscilla-.
tor, but settled on the discrete:
circuit for simplicity. No doubt the
logic hounds will return it, but watch
out for resistance values, no higher

- than 20k with TTL. The frequency is a

little low for TTL to be entirely at
home in any case,

A ‘self-test’ facility could be added,
using an ‘almost random’ start circuit
employing say, a 7413 device. Wire
three of the inputs to the gate high,by
a potential divider, and the fourth
goes to the mid-point of a series R-C
combination across the supply. Make
the R variable, then if the C is large.
enough, an appreciable time will elapse
untit the voltage at the fourth input
rises enough to turn on the gate. When
it does the Schmitt will turn hard on,
and provide a suitable pulse to gate the
output of the oscillator into the count-
er. Leave the pot uncalibrated, and
there really is no way of knowing
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Fig. 1. Circuit Diagram of the Tester.
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Fig. 2: PCB foil pattern — full size.
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—How it worlis—

If we consider the TTL circuit (the
. CMOS version functions in exactly the same
| manner) and begin with the display driver/
counter section, we see that the counting is
done by two cascaded 7490 devices. These
are working as ~10 BCD counters, and the
outputs feed two 7447 BCD decoders/
display drivers. The input pulses, 4.2V p.t.p.
square waves, are generated by Q1 and Q2
in a multivibrator mode ‘at a frequency of
approximately 100Hz. Greater accuracy
can be obtained by making one of the charg-
ing resistors (R16 or R17) variable, and
tuning the oscillator to exactly 100Hz. In
this way the tester will read exact reaction
times, *.01 secs.

When the ‘Go’ button is pressed, green:
LED3inthe front panel lights, and pulsesare
fed into the counter chain. When either con-
testant’s switch (Sla, S2a) is pushed, the
link between oscillator and counter is
broken and the counter will ‘hold’ the
number of pulses that have entered i.e. time
in 100ths of a second.

At the same time S1b and/or S2b oper-
ate the ‘Windicator’ circuit comprising Q3
and Q4. Either one of the LEDs can lock on
turing off the other transistor, and so ensur-
ing only one light can be on at any given
time - that corresponding to the first button
pushed. Diode D1 serves both as a voltage
dropper to bring Vce down to a logic supply
level (5.4V) and also to prevent damage due
to supply reversal.
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REACTION TESTER
—Parts List——

Resistors

R1-14, 23 330R

R15, 18 3K3

R16, 17 68K

R19, 20 270R

R21, 22 39K

All VaW 5%

Capacitors

C1,2 0.1 uF minifoil etc.
Transistors

Q1,2 BC109 or similar
a3, 4 BC108 or similar
Diodes

D1 IN 4001 or equivalent
LED 1, 2 RED 0.2”

LED 3 GREEN 0.2"
integrated Circuits

IC1,2 7490

IC3,4 7447 .
NOTE: CMOS version uses Sintel

Module DB2 in place of IC1-4 and

displays. This is available as a complete
kit from Sintel price £10.94 inc. See ad.
in this issue.

Switches
SW1, 2 Double Pole Changeover—
- Push On, Push Off.

 SW3 Single Pole, Single Throw—
Push to Break, non locking.

SW4 Double Pole Changeover—
non locking. ]

SW5 Single Pole, Single Throw— |
rocker type.

Misc

1.C. sockets

Verobox 75-1413E

Verocase 65-2522K

Battery holder to suit

(Use 4 x HPIl Alkaline version)

5 pin DIN 180° chassis skt

5 pin DIN 180° in-line plug

1m 4 core individual screened lead

.LED 1 and 2 anode

Board spacers etc.

22
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LED 1 cathode
LED 2 cathode
Vce from switch

R21

SW2b contact

hY

SW1b contact i

SW1b POLE

SW2b POLE

PINS 5 and 2 DIN SKT

Fig 4. Component overlay.

exactly when the circuit will fire the
LED Anyway we offer the idea for
experiment - no guarantees!

By speeding up the clock oscillator
to 1kHz, and adding a third 7490/
7447 stage, timings can be taken in
1/1000ths of a second, or up to 9.99
seconds, depending on which end you
add it! If anyone takes 9 seconds to
find the button - call the undertaker.

Many more ideas will undoubtedly
occur to the constructor - it is a case
of knowing where to stop, as the
actress.....
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Smoother running
Instant all-weather starting
Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
Up to 20% better fuel consumption

Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. |t can be assembled in two or three hours and fitted in
15/30 mins.
Because of the superb design of the Sparkrite circuit it completety
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and. therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
coil/distributor ignition up to B cylinders.
THE KIT COMPRISES EVERYTHING NEEDED
- Ready drilled pressed steel case coated in matt black epoxy resin, ready
drilled base and heat-sink, top guality 5 year guaranteeri transformer
and components, cables, coil connectors, printed circuit board, nuts,
bolts, silicon grease, full instructions to make the kit negative or
positive earth, and 10 page installation instructions
OPTIONAL EXTRAS
Electronic/conventional ignition switch.
Gives instant changeover fraom 'Sparkrite!’ ignition to conventional
ignition for performance comparisons, static timing etc,, and will
also switch the ignition otf completely as a security device, includes:
1 switch connectors, mounting bracket and instructions. Cables excluded.
1 Also available RPM limiting control for dashboard mounting
(fitted in case on ready built unit). ]
CALLERS WELCOME. For Crypten tuning and fitting service —
‘phone {0922) 33008.

Improve performance &economy NOW

“Note: Vehicles with current impulse tachometers (Smiths code on dial RV 1) wilt
require a tachompter pulse-slave unit. PRICE £3.35

PRICES INCLUDE VAT, POST AND PACKING.

Quick installation
No engine modification

required
| "]

# ok K & ok

*

E ics Design A es, Dept. ETI
82 Bath Street, Walsalt, WS1 3DE. Phone: (0922) 33652
Name

| enclose cheque/PO"'s

for£

Cheque No.

Qua
Mk, 2 DIY Ass. Kit® £11.80 —I'TYREZD,

| Mk. 2 Ready Built Negative Earth ® £14.97

Mk. 2 Ready Built Positive Earth @ £14,.97

ignition Changeover switches @ £4 30

if brochure
R.P.M. Limit systems in above units @ £2.42 Send SAE if bro
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- All items available for this project.

NEW YEAR VALUES

from

including

AMATEUR RADIO BULK BUYING GROUP

LOW i
COST
V.D.U.

Complete Kit at ial price £57.00 + 75p p&p

[
Components also available separately — PCB set, £7.00; :
2112-2, £4.50; 2513, £9.25; 555, 47p; 7400 series — see p

below. s o

Mains transformer — £2.75; Mains on/off switch, 68p; |
i

{

b

s

4

Min. S.P. toggle switch, 54p; Min. push-to-make switch,
34p; High quality plastic case with aluminium front pane! (as
illustrated in E.T.I. article), £4.45.
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POWER AMPLIFIER |

Camplete Kit to build this 40 watt power amplifier — {
£19.15

Components available separately — PCB £1.25; 2N6084,

£14.85; BAVIO, 12p; RG174/U coax, 32p/m.

SL611C £2.24'
S1621C£3.38

sL612c£2.24
SL622C £8.30
SL640C£3.75

SL610C £2.24
SL620C £3.38
SL624C£3.12 | SL630C2.11
SL1496 £1.05 | SL78L06 99p

Full data sheets on all SL600 Devices are included in our Data
Catalogue (30p + 14p S AE).

SL613C £3 85
SL623C 16.12
SL641C£3.75

— ALL INCLUDING VAT —

7400 18p 7412 24p 7474 31p 74164 £1.10
7402 19p | 7420 19p 7475 37p | 74174 f£1.08
7403 19p | 7421 26p 7483 85p | 74177 £1.10
7404 22p | 7427 29p 7486 32p | 74180 £1.06
7406 37p | 7428 29p 7490 58p | 74H00 33p
7408 23p 7430 19p 7493 49p 74H04 40p
7410 19p | 7442 62p 74121 36p 74H10 3Sp

Quantity discount: 25-99 less 10%; 100 + less 20%

Send S A.E. for full price list or 30p.plus large 14p S.A.E. for your
copy of our Data Catalogue. All prices include VAT at current
rates. Please note our minimum U.K. post and packing charge,
except where indicated, is 20p. EXPORT ORDERS welcomed —
write for export price list.

COMMUNICATIONS HOUSE

20 WALLINGTON SQUARE

WALLINGTON, SURREY, SM6 8RG
Tel: 01-669 6700 (9 a.m. to 8 p.m., 1 p.m. Sat.)
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HY5

Preamplifier

HY30

15 Watts into 8Q)

HY50

25 Watts into 8(Q)

HY120

60 Watts into 8Q)

HY200

120 Watts into 8Q)

HY400

240 Watts into 4Q)

POWER
SUPPLIES

I.L.P. Electronics
Crossland House

Kent CT4 7AD

Nackington, Canterbury

Tel (0227) 63218

P o ncnn hvbaa ampbifier deally soded tor all apphicatrons Al COmmon mput fune oo
A bt clerare catened fos

T ety

thee desied tunction s actueved either by o

Bl way AWt T e b enntec o o The appropriate pees The internal volbume and tone o uis

Dreely regunne Contecting 1o extemal poteatiometers ot acludeds
UF et amphifiecs and power supplies

The HYS s compatibie with il
Torease constrac tion and maunting a P G conamotn
Soppied withoeach pre amplites

FEATURES: Covnplete pre amptter i sngle pack Malt boncbon cipubzation laow amises 1 ow
Aistaitics Higrte verload Fwi simpiy combimed for stereo

APPLICATIONS: Hi ki Mixers Do Gudtar and Orgare Fubile addinss
SPECIFICATIONS:

INFUTS S Magnetic Pick upy 30y Cortanne Pk o 30 Teres Ttk B repione 1 0me
Acxiiiaty 3 P00mY nput impedante 4 k) ot TeHy

QLTPUTS Tape 100mY Mam output 500my R M S

ACTIVE TONE CONTROES Treble 1208 at 1T0OH7 Basy st 1A

CISTORTION 001 a1 Ty Signal Nase Bato B8d8

O EREOAD 38dB on Magnenc Puck up SUPPEY VOLTAGE
Price £4.75 + 59p VAT P&P free.

T ade

Trwe by 300 o

atcexoting New kit trom F L Pt features o vittually cndestrac tibde E O with shoct s gt
T heatsiak PO board 4 resstons
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a0 g proted on Kit consists ot 1 C 6 capaciton
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Wealty suited o the begamnes 0 audio who wishoes to use the most up to dete technolngy avetatle
FEATURES. Complote Kot Low Dhstortinn Short Easy 1o Build
APPLICATIONS: Uipuating autho cqupment  Guitar practice amplifior Lost amplitas
anCillatur

SPECIFICATIONS

OUIPUT POWER THW R M S ot 81 JISTORUION 1 ar 1HW
INPUT SENSITIITY H00my FREQUENCY BESPUNSE TUR? 16kH,

SUPPLY VOLTAGE - 18y
Price £4.75 + 59p VAT P&P free.

Open and Thermal Prote tan

aud:a
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The HY SO wads 11 F s totahintegration aporoach 1o gowes amplifie design The amphbuer teatures gt
gl Sestsiak together weth the simphcity ot oo extemnal componems Dunng the past three years
e amphitien tus been tefined to the extent that it miust be one of the most elable and oobost High
Fiddenty mndules i the Waorld
FEATURES: | ow Distartion
Nas it Companents,
APPLICATIONS: Medium Power Hi b systems
SPECIFICATIONS: INPUT SENSITIVITY 500mVy

Ititeggral Hatsirik, Oy st oo hiags 2 A Gutpaat iansistors

Low prower disco Grantar amplitior

GUTELT POWER ZHW RMS aito 82 LOAD IMPEDANCE 2 1592 DISTORTION 004 at JHW at
Tkbts
SIGNAL NOISE RATIO J64dB FREQUENCY RESPONSE 10H, 1 bkH,  3dB

L PPLY VOLTAGE SIZE 10N B0 2hmi
Price £6 20 + 77p VAT P&P free.

Vi

The HYTO0 sothe baby ‘ot TLP S ew high powss iange desigoed 1o meet thie mast exad b
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design
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Integral Heatsak Logd Loe protection
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Thermal protectam
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SPECIFICATIONS

INPUT SENSITIVETY 500my
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TkH7
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Price £14.40 + €1 16 VAT P&P frée
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Price £21.20 + £1 70 VAT P&P free
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at TOOW gt
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Thida
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Price £29.25 + £2.34 VAT P&P free
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TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

Total Purchase Price .

| Enclose Cheque [0 Postal Orders [ Money Order.(]

Account number

Please debit my Access account [ Barclaycard account O

Name & Address.
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PAGING SYSTEMS in factories,
hotels and other large buildings can
minimise loss of time involved in
searching for people and can offer

considerable economies in the cost

of long-distance telephone calls.
Some existing paging systems make
use of audio public address sys-
tems, possibly interrupting music
already being distributed. Other
methods involve the carrying of
small transceivers linked to a central
point by radio or an inductive loop
(references 1, 2).

The scheme discussed here is a
visual one, which can have the
advantage of silent operation. it is
hence more unobtrusive and avoids
disturbing people whom the call
does not concern. It is also unaf-
fected by ambient noise, which in
some factories may mask audio
messages. Moreover the call can be
displayed continuously until ans-
wered. The essence of the system is
that each person likely to be called
has a denary number or letter code
alloted to him, and any of these
codes, as appropriate can be

displayed visually at as many key -

positions as may be required, by
means of wired control from a
central exchange or lobby. When a
person sees his number or letter
code displayed, he then goes to the
nearest internal telephone, or
reports to a pre-arranged position.

DISPLAYS

It is necessary to decide how
. large and bright the slave displays

of number or letter codes need to be-

at each position; they need not
necessarily all be of the same type,
provided they are compatible with
the system in use, and smaller
displays, such as miniature l.e.d.
indicators, can be used in small
rooms. lf desired the visual display
can at certain locations be supple-
mented by an audio tone which
draws attention to it. There now
exist a wide choice of digital display
devices. Illuminated digits about
1in by 1in are given by a small lens
system and lamp, the outlines being
advanced by the application of a
current pulse to a moving coil;

larger models are about 4%in by
2%in by 1%in. Many miniature
alphanumeric displays are now
available, the seven-segment type
operation at 5V now tending to
supersede the earlier 180V type
with a separate cathode for each
outline. The 5-volt design eases
power supply problems, as the
same supply can be shared by the
associated TTL logic; on the other
hand for-long wiring runs, voltage
drop has to be allowed for. There is
evidence that decoder-drivers for 5V
are more reliable than for 180V.
Low-voltage L.E.D. displays have
some advantage over the earlier 5V
filament type. Several types are also
obtainable in clusters of several
digits and various strobing and
sequential-drive arrangements can
reduce the logic and interconnec-
tions needed per digit, as compared
with systems using a group of
separate digits. Electromagnetic

BEN

LOW-COST METHODS FOR CONTACTING PEOPLE IN.
BUILDINGS

registers with up to 6 digits are

readily available for various vol-
tages, count sequentially, afford the
simplest “‘carry’ from one digit to
the next, and can have electrical
reset. They are also cheaper than
electronic indicators, but require
rather heavy current pulses and in
general cause audible clicks. Some
more recent types give quieter
operation, e.g. they can be driven
by stepper motors and/or have
more refined methods of ‘carry’.

WIRING

When we consider a scheme for
a master digital display and several:
slave displays distributed through a
building, an important factor is the
cost of the wiring.” Cost of cable
rises with the number of cores used
and current carried, also insulation
voltage, whilst installation cost
depends chiefly on the length and

i DECODER Ny oy
—
AL DRIVER
] COMPARATOR eco
Toukie eicie (UNITS) THUMBWHEEL
' T} counter ] T
CARRY
g
B NG
— [—7ece
t BCcD ] comparaToR [Tf THUMBWHEEL
COUNTER (TENS) \ SWITCH/ 0-9
DECODER fimicaTe
LaTEH | oriver (TENSS
po-] BECD SN f—gino] DECODER
FSILR:«S\I[ COUNTER UATCH DRIVER R
[ scn | pEcoDER
SRer [T st 1 omves e
Fig. 1. A numi- L e
Cato_r-based 1o ¥ ADDITIONAL
paging sys[em_ SLAVE UNITS
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nature of the cable run, and
whether wiring has to be concealed;
the cost of concealment is much
less in a new building, or in one
already bhaving ducts for other
telecommunication services (not fire
alarms), segregated ' from mains
wiring.

Broadly speaking there is a
choice between sending a rapid
pulse-train to count from zero to the
number required when the master
controls are set, or alternatively
arranging for the slaves merely to
copy the central indication, without
going through all the intermediate
numbers. The former method fits in
more readily with the use of only
two wires, apart- from power
supplies, between the master and
each slave, since to send BCD
numbers over two wires would call
for scanning and serial transmis-
sion. One possible method using
numicators for silent operation is

outlined in Fig. 1 (see also ref. 3). in-

this method, a muitivibrator or u.j.t.
pulse generator operates contin-
uously, but drives the counters only
when the number displayed at ali
locations differs from that set up on
central denary thumbwheel
switches. When no call is wanted,
the operator resets them to 0000,
000 or 00, depending on the
number of digits in use. Owing to

the speed of the count, only the
final result is visible.

TONES

A system based on the transmis-
sion of audio tones simultaneously
over a single pair of wires may
commend itself owing to the low
wiring cost, assuming .that inde-
pendent power supplies are avail-
able at the master and at each slave.

Such a scheme might use, for
two digits, two binary-output
thumbwheel switches marked 0-9
at the master. Each position would
connect or disconnect one or more
of four audio oscillators, requiring a
total of 8 audio oscillators at the
master for two denary digits in the
display. The tanes would be picked
up at each slave by eight tone
filter / detectors, for which modules
are now available, the outputs then
being decoded to control a two-digit
display by numicators or other
devices. Alternatively the decoding
could be omitted and each tone
filter/ detector could turn on a
thyristor controlling a coloured
mains lamp. If desired the lamps
could also be numbered 1-8. In this
way (28-1) or 255 different codes
would be available, compared with
only 99 by the BCD method. Such a
method is perhaps less readily.
comprehended by the viewer, but

enables more persons to be catered
for, and the use of the higher-power
mains lamps might sometimes be
advantageous, particularly from the
point of view of saving on power
supplies.

Perhaps the simplest system
however is afforded by the use of
two stepping motors at the master
and at each slave, in an add-sub-
tract mode, driving registers of the
required number of digits. The
central operator would have two
push-buttons — add and subtract,
and would press these alternately as
required until the appropriate
number was displayed on.counters
driven by the motors. The slave
motors would operate in synchron-
ism and hence always display the
same number as the master; during
intervals of non-use, this would be

reset to 0000. ®
References
1. Paging systems for power

station staff, Elect. Times, p.41-42,
16 July, 1971.

2. How to select the right system
when shopping for a pager, G. C.
Gedney, Communications,
p.18-21, July, 1971.

3. Digital remote control system,
H. N. Griffiths, Wireless World, Vol.
76, no. 1414, p. 175-177, April,

1970.

Trademark of Dolby Laboratories Inc.

Featuring:

The kit includes

screws and nuts.

DOLBY® ‘B° NOISE REDUCTION KIT

Build your own Dolby system using this exclusive approved kit.

@ switching for both encoding (low-level h.f. compression) and decoding
@ a switchable f.m. stereo multiplex and bias filter

@ provision for decoding Dolby f.m. radio transmissions.

@ no equipment needed for alignment.

@ suitability for both open-reel and cassette tape machines.

@ check tape switch for encoded monitoring in three-head machines.

— complete set of components for stereo processor.

— régulated power supply components.

_ board-mounted DIN sockets and push-button switches

— fibreglass board designed for minimum wiring.

— solid mahogany cabinet, chassis, twin meters, front panef, knobs, mounting

Dolby level cal. tapes are available for open-reel use and for cassette (specify which)

High performance Tuner-Amp and Tuners available A \
Please send SAE for complete lists and specifications
Portwood Industrial Estate, Church Gresley
Burton-on-Trent, Staffs. DE11 9PT
B

Burton-on-Trent (0283) 215432. Telex 377106

Typical performance |

Noise reduction: better than 9dB |
weighted.

Clipping level: 16.5dB above Dolby |

level (measured at. 1% third harmonic

content).

Harmonic distortion 0.1% at Dolby

level typically 0.05% over most of

band, rising to a maximum of 0.12%.

Signal-to-noise ratio: 75dB (20Hz to

20kHz, signal at Dolby level) at

Monitor output.

Dynamic Range > 90dB.

30mV sensitivity.

Price £2.00+ VAT"

Please add VAT at 12%2% unless marked thus®, when 8% applies
We guarantee full after-sales technical and servicing facilities on all our kits

"PRICE: £37.90 - vaT
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- gargantuan aspects of multi-thousand ton steel’

IGIHUNIGD
NORTH SER

TV AND PRESS reports on the North Sea Qil
boom have always concentrated on the heavy
mechanical - engineering aspects of the industry,
with shots of enormous oil rigs, welders at work
with sparks flying and gigantic dry docks carved
out of the Scottish shoreline.- The fact of the
matter is, though, that most industries today rely
heavily on the ‘modern miracies’ of electronics and
oil exploration {and production) is no exception.
So in this article we shift emphasis from the

b
compari kol
s pehind the scenes.

g

THE NORTH SEA IS BEING CON-
QUERED BY ENGINEERS IN
SEARCH OF ENERGY — AMONGST
THEM ELECTRONICS ENGINEERS.
LES BELL REPORTS:




A consortium of British companies
called SEATEK was contracted to
supply all the contro! equipment, and
organize just how the operation
would be done. SEATEK comprises
EMI Electronics Ltd., Hawker Sidde-
ley Dynamics Ltd., and R.&H. Green
and Silley Wier Ltd., each of whom
supplied special skills and abilities.

The project started out with the
development of computer simulation
equipment and software, which enab-
led engineers to try out various tech-
niques without the danger of any
physical damage, so that they could
end up with a very good idea of
how the rig would behave when it
came to the actual operation. Later, in
the period before the rig was towed
out, the simulation equipment was
used to train the key operators who
would sit at the controls during the

operation, in a similar way to the

training of pilots in simulators.

The rig itself was fitted out with a
nervous system of sensors linked by
cables to a 120-ton, 80ft. long tower
placement control module, which
can be seen at the top of the platform
on the opposite page. The sensors
continuously monitored the status of
tank levels, control valves, pressure
switches and platform attitude. During
the five day tow-out this information
was received and displayed on board
the lead tug. On August 10th 1976,
the platform was in position 250
miles north of Shetland.

On board the command vessel
‘ORCA’ was a 30 ton, 30ft. long
module containing the remote control
consoles, computer and event record-
ing equipment. From this module the
deployment commander directed the
entire up-ending operation. This was
achieved by controlled flooding of the
ballast tanks in the main legs of the
platform to turn it through 90 degrees
and control its descent to the sea bed.
The control module continuously
monitored signals from sensors all
over the rig, such as acoustic sensors
fitted on the structure to measure the
depth of water under each leg, and
transmitted these over a two-way
data link to the ‘ORCA’. 200
platform status indications, 60 ana-
logue indications and 150 control
signals were transmitted over this link
which was based on an EM! ‘System
36'.

Special projects like this one can
present a stiff challenge to industry
as oil companies demand high levels
of performance, high reliability, and,
most difficult of all, they demand
these things fast. Every hour of delay
can cost thousands of pounds. Fortun-
ately, in this case SEATEK were able
to operate to a very short timescale
and sank the platform in the right
position first time, although it could

Fig. 2. The platform
finally in position.

have been lifted and moved again
under remote control.

BIG BUSINESS ;

As an indication of the kind of invest-
ment necessary for oil exploration,
take a look at the latest IBM add-on
for their 370/158 and /168 computers.
The 3838 array processor is just the
gadget required by geophysicists to

identify potential oil-bearing form-
ations, which requires some very fast
and very complex mathematics indeed.
As an example, the machine can exe-
cute a 1024-point Fast Fourier Trans-
form in 2.95 milliseconds. The small-
est version of this device will set you
back about £500,000 and the top-line

model around £650,000!

Fig. 3. A master'seye
view of a rig derrick.
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ELECTRONICS IN NORTH SEA OIL

LOADING

One interesting application of elec-
tronics in the North Sea is, believe
it or not, in the control of cranes for
loading and unloading supplies for rigs
at sea. The North Sea is not a particu-
larly hospitable place,and controlling a
crane hook is difficult enough on
fand — it becomes well nigh impossible
at sea. As the ship rises and falls in the
swell, the crane driver has to use all
his skill in lowering the hook for
shackling and then in judging the right
moment to lift the load. The whole
process is both difficult and
dangerous.

The KM Load Transfer System
manufactured by Ferranti simplifies
the whole procedure. In the Manual
mode, the crane behaves like any other
but when switched to Auto, it auto-
matically follows the heaving of the
ship. In addition, there is a unit moun-

reap the maximum profit on their
products, and in order to do this they
have to know, accurately, just how
much oil or gas they are producing as
it flows through a pipeline. Daniel
Industries, a Texas company, manu-
facture computer-controlled metering
systems at their factory at Larbert,
near Falkirk.

At the heart of their fluid metering
system, shown in Fig. 5, is the Daniel
turbine flow meter — a propeller-like
device that is inserted into the fluid
flow during a tanker or other loading
operation. The turbine rotates as the
fluid flows over it, and by measuring
its speed of rotation, which is prop-
ortional to the fluid flow rate, and
combining this measurement with
others such as fluid temperature,
pressure, density, etc., a value for the
mass of fluid flowing through during a
given time can be determined.

Eaps s § i

s

Fig. 4. (above). The control console of a metering system.
Fig. 5. (right). The ‘plumbing’ of an oil metering system on the

Ekofisk centre

ted on the hook with a rope suspended
from it to the deck. When this rope is
pulled the hook lowers, and when it
is released the hook lifts. Once the
load has been shackled and the rope
released, the hook automatically rises
until the hoist cable is taut with a
tension of around 1000 lbs. This then
initiates the collection of heave stat-
istics by a computer to predict the
best instant for lift-off. The driver
simply pulls his joystick fully back,
but nothing happens until the ship’s
deck reaches its maximum height and
then starts to drop. The load is then
automatically lifted as fast as possible,
and the system reverts to the manual
mode.

To deposit a load onto the deck of a
supply vessel, the crane driver simply
places the load at the right position
slightly above the maximum height
of the deck. The load then auto-
matically descends very slowly until it
comes into contact with the deck,
whereupon the system releases the
load, and the hook can be unshackled.

0IL AND GAS METERING

Naturally enough, the oil companies,
having spent millions of pounds on
exploration and drilling, are eager to

30

munication services. When exploration
began, standard ship-to-shore radio-
telephone services were used, and
these were later expanded to telex
links. Today the main communications
link for both speech and data is tropo-
spheric scatter. Probably, before long,
there will be a move to satellite
communications.

The type of equipment and comm:
unications mode used will depend on
the distance of the rig or ship from the
shore, the type of service required
(voice, data, telex) and whether or not
Home Office Regulations permit oper-
ation. The size and complexity of the
equipment can vary from a small tran-
sceiver for the HF marine band to an
extremely complex troposcatter

station costing anything up to £1M.

Much ship-to-shore communication
is in the 1.6 to 4.2 MHz marine band
using single sideband. Propagation on

The ‘brain’ of the control console,
(seeFig.4),isaComputer Automation
ALPHA LSI-2 minicomputer which
performs several functions. It controls
the sampling of the various parameters
and performs the complex calculations
necessary to obtain an accurate figure
for the flow rate. In addition, by
communicating with the minicom-
puter through a Teletype terminal, the
station operator can control all phases
of a tanker loading operation from
start-up, through meter calibration to
termination and the production of
printed reports relevant to that tanker
load.

Calibration of the oil flow through
the turbine meter is carried out in a
proving section — in essence an accur-
ately known volume (the U-tube in the
foreground in Fig.5). The computer
activates valves to divert the fluid flow
through the proving section and the
fluid flow is measured between the
times of entering and leaving the
section to give an accurate flow rate
figure.

COMMUNICATIONS

With so many rigs, platforms and
supply ships in the North Sea, there is
a tremendous demand for radio com-

this band is mainly by ground wave by
day and since it is over sea, (salt water
is a beautiful earth!}, the path loss is
only slight. However, at night, the
reflective layers of the ionosphere
move up, and due to the lengthening
of skip, all hell breaks loose as Contin-
ental and other distant stations come

| o
XA
; &E “Stavanger

~mcer
=—=—=— PIPELINES
Q RADIO, LINKS )
STATFJORD ‘A FIELD
[ ]
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Aberdeen
EKOFISK CENTRE

Jeesside

— Bacton a

This map shows the location of oil metering

stations in the North Sea £
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up in strength. The 3.5MHz amateur
band is shared with maritime services
and during daylight hours one can
quite often come across oil rig
stations. Facilities for this system are
installed at the Post Office Coastal
Radio Stations at Humber, |{fracombe,
Stonehaven and Wick.

Telex facilities can be used over this
type of link with as many as 15
channels of telex on one frequency.
Where graphical information has to be
transmitted, e.g. maps or logging
details from exploration rigs, facsimile
transmission can be used. Error-
correcting equipment can be used to
‘clean up” the signal to obtain the
high quality required.

In addition, communication has to
be maintained with nearby supply
vessels and helicopters using VHF
AM and FM channels. Another requ-
irement is for communication between
work parties on a rig, or from a rig
to supply ship at close range. This is
usually achieved using hand-held
‘walkie-talkies’, or in some cases, using
paging systems and public address
systems. :

TROPO

There is a requirement for unattended
and highly automated platforms to
transmit vast amounts of computer
data back to shore stations. For this
type of communications link, VHF has
proved to be most reliable, but will
not operate out to the newer plat-
forms which are beyond ‘line-of-sight’
propagation.

The Tropospheric scatter mode used
to overcome this utilises highly
directional beam aerials to concentrate
signals at the horizon in the direction
of the receiving station. About 2 to 3
miles up, the signals hit the tropo-
sphere and are scattered and redirected
back to earth where high gain, highly
directional aerials are used to pick
up the small field-strength of the
signal. Because of their greater band-
width capability, these signals can
carry increased amounts of data, either
computer data or extra channels of
voice or telex.

UNDERWATER TV
Inspection of underwater structures is
a job that has to be done by divers —
it's not really on to train an engineer
to dive to do an inspection. How,
then, can the engineer get enough
information to enable him to assess
‘what repairs or modifications may be
necessary? The answer lies in the use
of underwater TV cameras by divers.
Recently, Marine Unit Technoiogy
Ltd. have cooperated with BP to
produce the MUT/BP Stage {| camera.
This camera may be either diver-held
or used remotely. When used by a
diver there is a two-way communicat-
ions link between diver and surface via

Fi_g;76. A frame

from the videotape of the wreck of the ‘Mary Rose’ taken by the MUT/BP

Stage 1l camera using no artifical lighting. The protruding object in the centre of the frame is
a trenail which is a wooden peg used by Tudor shipwrights to hold the planks of the ship

together. The trenail is protruding about 3 2in.

Fig. 7. This camera is
similar to the one
which produced Fig. 6

a smail bone-conduction microphone
behind the diver's ear so that the
surface controller can direct the diver
to make sure the results he is obtaining
are suitable for the required purpose,
and the diver can give a running
commentary on his activities.

Three options are available: the
standard unit uses a regular vidicon
tube for use in good light conditions,
byt for deeper work a version with a
silicon diode tube is avaiiable. A third
tube — the Silicon Intensified Target
{SIT) tube — is suitable for very deep
work over 100 feet in the North Sea
where there is very little available
light; an example of the quality of this
tube is given in Fig.6. This is taken
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from a videotape made during a survey
of the wreck of the Mary Rose in the

- Solent. It is under 10ft. of mud in

waters about 40ft. deep. The divers
had a visibility of about 3 to bft.
during the time the survey was carried
out, and conditions were far too severe
for a conventional underwater camera
to be used even with artificial lighting.

On the surface, there is a control
unit comprising a television monitor,
microphone and loudspeaker, which is
specially ruggedised for North Sea
conditions. The controller can also
remotely control a zoom lens on the
camera, so that all the diver has to
do is point the camera where he is
told! )
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TOP PROJECTS No. 2

26 popular projects reprinted from ETI, first
published in July 1975. Circuits include
50W stereo amp, Spring Line Reverb Unit,
Add-on SQ Decoder, FET 4-Channel Mixer,
Rumble Filter, Super-stereo, Audioc Watt-
meter, Linear IC Tester, Logic Probe, IC
Power Supply, Ignition Timing Light, Car
Theft Alarm, Battery Charger, High Power
Strobe, LM380 Circuits, Temperature
Alarm, Tape Slide Synchroniser, Ni-Cad
Battery Charger, Digital Stopwatch plus
more and several pages of Tech-Tips

15p+20p P&P

TOP PROJECTS No. 3

Onginally published in March 1976, Top
Projects No. 3 contains 27 constructional
projects including Graphic Equaliser,
International 25W Stereo Amp, Simple
Stereo, New Sound for your Guitar, Bass
Booster, Line Amplifier, Loudness Control,
Electronic Ignition. Tacho Timing Light, Car
Alarm, Dual-Beam Adaptor, AF Meter,
Impedance Meter, Digital Display, Digital
Voltmeter, TTL Supertester, Fluorescent
Light Dimmer, Radar Intruder Alarm, Light
Dimmer, FM Tuner, Colour Organ, Drilt
Speed Controller plus many more,

£1.00+20p P&P

TOP PROJECTS No. 4

Available at your newsagents or from ETI
direct. Published October 1976. This
includes Sweet-Sixteen Stereo Amp,
Waa-Waa, Audio Level Meter, Expander-
Compressor, Car Anti-Theft Alarm, Head-
light. Reminder, Dual-Tracking Power
Supply, Audio Millivottmeter, Thermocou-
ple Meter, intruder Alarm, Touch Switch,
Push-Button Dimmer, Exposure Meter,
Photo Timer, Electronic Dice, High Power
Beacon, Temperature Controller, Electronic
One-Armed Bandit plus many more.

£1.00 +20p P&P

ETI CIRCUITS No. 1

Just published and available from your
newsagent as well as from us direct is this
new concept in Specials. ETI Circuits No. 1
contains over 200 circuits, largely based
on the Tech-Tips section and Data Sheet but
great care has been taken to index each
circuit carefully to enable rapid selection.
This publication is likely to be regarded as a
bible by the experimenter for not only does
it contain complete circuits but also ideas
and circuit sub-assemblies.

£1.50+20p P&P

ELECTRONICS — IT'S
EASY. Vol. 1

The first thirteen parts of our very successful
series produced in a 100 page book form

These take the reader through the
introduction to electronics and up to
Operational Amplifiers.

£1.20+20p P&P

Yake the myctery

ovt of glactionkes with
this shalghtorword
Ingieot caurse

[ELECTRONICS — IT'S
EASY. Vol. 2

The "'middle-third" of the series introduces
the reader to more sophisticated techniques
and includes power supplies, waveforms,
filters and logic systems

£1.20+20p P&P

ETI 4600 SYNTHESISER

A complete reprint of our superb synthesiser
design, published with Maplin Electronics
(who also supply the parts). This reprint will
also be of interest to those not specifically
wanting to build the unit as the circuitry is
highly original and 1s in fact patented by

' £1.50+20p P&P

csplin Slectronis suppies!

COMING SOON . ..

OK, you win. We've now spent such a fortune 1n stamps returning cheques etc
for people begging for ET{ TOP PROJECTS No 1 that we're reprinting it
Originally introduced in October 1974, we sold over 35,000 before supplies
became exhausted about a year ago. Contents will be virtually identical (but no
advertisements).

HOW TO ORDER

Send your order listing carefully the Specials you require. Postage and
packing must be included, 20p for the first, 15p for subsequent issues
{overseas 25p and 20p for subsequent issues). All payments must be in
Sterling. Send to:

ETI SPECIALS

ELECTRONICS TODAY INTERNATIONAL

25-27 OXFORD STREET

LONDON W1R 1RF

---------------i---ﬁﬂl----------------
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This new series will describe straightfor-
ward projects but they are not necessarily
simple in their operation or aimed at the
beginner. We plan to carry between two
and four such projects each month.

THERE IT STANDS: gleaming. On
the surface, a secondhand car in really
good nick but think! Modern mater-
ials, especially resin body filler and a
quick blow-over with the spray gun
can make a rusty heap look like a new
car.

Our Patch Detector will quickly
find areas of the body-work which
have been filled — or even patched
with aluminium.

Only a handfu!l of components are
used. The key to the operation is the
transistor output transformer; we used
the best known, the LT700 in our
prototype but we tried other types
and all worked.

It is necessary to modify the trans-
former. First remove the shroud over

the laminations. Then, using a pair of 14 * 0
fine-nosed pliers carefully remove the f-l.'ow |t WOI' is

faminations, These are held together . ) )
by wax: the first lamination may be The circuit is a Hartley oscxllator.usmg
J ¥ an LT700 as the inductor. The primary
@ of T1 is tuned by C2 and feedback is
- ( avoided by Cl1. The secondary of T1
Parts Llst i connects via the socketfswitch to the
1 earphone.

Due to the modification of the trans-
gl 'Fr(’a'f‘s's‘°’§7ck138v\ft° former, when metal is brought near to
e SN 0.1UUF disc ceramic etc the open end of the E laminations this
c2 " 0.018UF i . alters the inductance of the primary and
_Cr:i Tra:s rml?gT7égV electrolytic consequently the frequency of the note
Earphone: 8. type, 3.5mm jack plug produced.

Eiiﬁnoﬂi socke{p&l.Smm Skt Cl, C2 and R1 all affect the note |

PCB to design shown » produced and as long as R1 is not |

E’S’{&?y‘i"p%ya"ina“:?a'&?r? Ellﬁ)D B reduced below 33k, these may be

- " modified to give the desired frequency.

Jstel Beskpielvisive (8f By and VAT Current drain from the battery will be
between 5 and 10mA, Fig. 3. PCB foil pattern — full size.

9V TO EARPHONE SOCKET
T1LT700
[} —
FROM BATTERY
R1
3 47k N
100uF -r MODIFIED LT700
25v
SOLDERED
Q1 BC108 —VE—— 14 TO PINS ON BOARD
(FOR SUPPORT)
Fig. 1. Circuit diagram of the detector. Fig. 2. Component overlay.
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short Circuits

Negative
to Board

Note Gap 3

MOD OF EAR SOCKET

E&. 4. The wiring and modifications to the
earphone socket

tricky to remove but thereafter ycu
won’t have any difficulty. The lamin-
ations in the LT700 {(and the others
we tried) are E shaped with a bar
enclosing the exposed end, they are
layed alternately.

When all the laminations have been
removed reassemble them all the same
way round to form an E. Fit this back
into the transformer and replace the
shroud.

We used one of the new "HAND-
HELD" Vero boxes and built a small
PCB to hold the components. The
transformer can’t fit directly onto the
PCB so two thick wires are soldered
to the shroud, these in turn are
soldered to the PCB, this effectively
stands the transformer away from the
board.

A hole is necessary on the short
end of the plastic box to take the

Internal view of our Patch Detector. Note
how the transformer fits through a hole cut in
the short end of the case.

b i
transformer’s face; the open ends of
the E should face out.

The circuit is simple and will only
be used with an earphone so an on-off
switch will only complicate matters.
Instead the switch section of the ear-
phone socket is bent so that it
switches on when the earphone is

inserted. .
A PP3/VT3 battery will fit nicely

across the long end of the box if one
of the plastic buttresses on the pillar
and two pips inside the same area are
cut away.

The circuit is really a simple metal

'FLYINGBOMB
' si-o008P
3 voLrs
FOR
TRANSISTOR
RADIOS

locator. In free air an audio tone is
heard but when run along the body of
a car the note is lower. When filler is
encountered the note rises: even
aluminium causes note change. There
is no danger of the unit scratching the
paintwork as the only thing to touch
the bodywork is the soft plastic of the
transformer’s former.

A change in note can be detected
when sheet steel is about 10mm
(3/8in) from the laminations. Greater
sensitivity is not an advantage
incidentally. ®

THE MULTIVIBRATOR IS ONE OF
the most commonly-used circuit
blocks in electronics — especially in
digital circuitry. And the multivibrator
forms the basis of this ‘head or tails’
project.

The multivibrator is a basic form of
square-wave oscillator which in our
design runs at about 700Hz whenever
the push-button is pressed. When the
button is released the oscillator will
stop and the circuit will assume one of
the two possible stable states. Either
Q1 will be conducting and Q2 will be
cut off, or Q2 will be conducting and
Q1 will be cut off. Whichever tran-
sistor is conducting draws enough
current down through the resistor and
the light-emitting diode (in series with
its collector) to cause the LED to
light.

Notice that the circuit is symmet-
rical and that the two transistors are
cross-coupled between their collectors
and bases (via R3, C1 and R4, C2). If
corresponding components on each
side are matched there is equal prob-
ability of either transistor being on

34

Vv
BATTERY |+

R6
390R
[ES
-

-
—

Fig 1: The circuit of our Heads-or-Tails unit.

when the button is pressed. However,
electronic components do not have
exactly the values they are supposed
to have so it is necessary to include
potentiometer RV1 to adjust for

equal probability.  Alternatively it
may be useful to maladjust RV1 so
that the effect of bias on the results
can be assessed.

When either Q1 or Q2 is on, as said
before, the associated LED will be on
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-Parts List

Resistor 390R Yaw 5%

R2-5 Reslstor 47k Yaw 5%

R6 Resistor 390R Yaw 5%
RV1 Potentiometer 47k trim

C1,2 Capacitors 22nF polyester
Q1,2 Transistors BC108

LED 1,2 Light emitting diodes (large type)
P.B.1 Press to make

S.w.1 On/off switch
Battery PP3

Aluminium box 4 x 2 x 1%2in
Total cost, inclusive of box and VAT: about

£2.00

) 4

2

- )

Fig. 2: The PCB layout. Full size 50 x 40mm.

Internal view of the completed unit.

~-How it worlss

This circuit may be considered as a multi-
vibrator, when the button is pressed, and as
a flip flop when the button is released. If
initially we consider the circuit with R2,
R5, C1 and C2 deleted we have a standard
flip flop. If Q1 is on, it robs current from
the base of Q2, thus tuming it off.
Transistor Q1 will be held on by the current
through R6 and R4. However, if Q2 is on,
the reverse is the case. Thus only one of the
transistors can be on at any time - never
both.

The addition of R2, RS and Cl1, C2, will
not alter the above, providing the push
button is not pressed. However if the button
is pressed the current through R2 and RS
will try to turn on both transistors.

Take the case where initially Q1 is on
and Q2 is off. The voltage on the collector
of Q1 will be about 0.5 volts and the voltage
on Q2 collector, about seven volts. We
therefore have about 6.4 volts across C2 (as
the base of Q1 is at about 0.6 volts). When
the button is pressed Q2 will turn on and its
collector will drop to 0.5 volts.

'However a capacitor cannot instantly
change its voltage and the base of Q1 will

therefore be forced to —5.9 volts which
turns off the transistor. Capacitor C2 then
discharges via R2 and R4 until the base volt-
age is again at +0.6 volts when Q1 will turn
on again. This however forces the base of
Q2 to —5.9 volts (due to C1) thus turning
Q2 off. This process continues back and
forth until the push button is released. The
circuit then stops in the state it was at the
instant of releasing the button.

To add bias to the circuit RV1 can be
adjusted to change the discharge time of C1
or C2 by up to 50%. In this case the two
transistors will not be on for equal times
and the results will be biased towards one
side.

LEDs are included in the collector
circuits of each transistor to indicate which
transistor is on. If, for display purposes,
a slower-running unit is required the values
of C1 and C2 may be increased. If both are
10 microfarad electrolytic capacitors the
rate will be about 1.5 seconds. Make sure if
electroytics are used that the positive
terminal is connected to the collector
of the transistor.
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Fig. 3: The component overlay.

and this gives us our ‘heads’ or ‘tails’
indication. When the button is pressed,
however, the LEDs are switched on
and off alternately at a rate of 700Hz.
The switching cannot, of course, be
seen due to the limited flicker-
frequency response of the eye. Both
LEDs will therefore appear to be
iluminated.

CONSTRUCTION

The unit can be assembled onto a
small printed-circuit board such as that
illustrated.

The main points to watch are that
the transistors are correctly orientated
and that the LEDs are the correct way
around.

The unit should be thoroughly
checked — a transistor or LED can be
destroyed if it is wrongly connected.
Double-check the battery connection
— a reversed battery can also destroy
semiconductors. @
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~ Short Circuits

SCRs ARE INCREASINGLY being
used for power control in mains
circuitry (e.g. sound-to-light converters DEVICE UNDER TEST
and drill speed controllers) and also in [
battery circuits (e.g. flash triggers).
Testing any semiconductor can be a
bit of a bind if you have to breadboard
a test set-up to do the job, so that
there are now many circuits available

for transistor testers. Now, here’s a ‘ Pl
simple SCR tester which will give an i 1
instant indication of a faulty device. *‘L

P/B1

CONSTRUCTION

As can be seen from the circuit
there are only a handful of compon-
ents but we opted to mount most of -
these onto a small tag-board; there are 2AoMigLe ol D1
almost as many components on the " 1N4001 R1

front panel, however. , —Pp ANV W o <
10082 7.W |
0.1uF

SCRs come in a variety of encapsul-
Fig. 1: Circuit of the SCR Tester.

>
—r - -y
2]
o S

X
O

ations; the small ones are usually in
TOb cans and a socket is fitted to the
front panel to accept these directly.
Other types are not suitable for plugg-
ing in so the connections to the socket
are taken to three sockets into which
extension leads with croc clips can be
plugged.

‘How it worlss

On switch on, assuming a good SCR, there is
approximately 20V AC across the SCR, but
it do_es not conduct so that with no current
flowing through R2, no volts are dropped
across it, hence neither LED will light. When
P/B1 is pressed, thyristor gate current will
flow, and the thyristor will turn on when
the anode is positive with respect to the
cathode. Thus, for half of each cycle,
current will flow through R2, so that LED1
will light up.

If both LEDs light up, this means that
phe SCR is conducting both ways, l.e.
internally short circuiting. If neither LED
lights up, when PB1 is pressed, the SCR has
failed open circuit.

~Parts List

T1 240V—25V .3A MIN TRANS
NEON 240V TYPE
c1 0.1.U4F 160V
o i
R1 W
R2 100R 5W w/w
R3, 4 1k2 aW

JLED1 GREEN TIL 209 TYPE
LED 2 RED TIL 209 TYPE
PB 1 Push to test type
SwW1 OFF/ON mains toggle

TOS Transistor test socket, wander sockets,
mains cable, RS miniature tag board. feet.
Aluminium case (6 3/8"" x 2 7/8" x 1 7/8")
{162 x 73 x 48mm} H. L. Smith.

2 Vero 2" stand off pillars.

Nuts and bolts.

Approx. Price £5.00.

The completed unit 1s built into a strong aluminium box.
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, | LED2
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LED1
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ANODE CATHODE
TEST SOCKET TEST SOCKET
GATE TEST
SOCKET
VIAPB1

Test gear tends to be mishandled
and a nice strong aluminium case is
advisable in view of the propensity of
small test gear to disappear under piles
of components at the back of the
workbench.

In a no-go condition, both LEDs
will light under a short-circuit cond-
ition so don’t be misled by the green
light being on.

OPERATION

. i ATi St 1. Insert SCR. )
. £ A 2. Switch on. If either or both LEDs
come on, reject the SCR.
The majority of the components can be wired 3. Press button 1. LED1 only should
to a small tag board. come on; if anything else happens,
reject the SCR. ®
TTLs by TEXAS| 7485 130p | 74191 156p | 307A Ext. Comp 8 pin DIl 40p | TRANSIS- BF178 3 T1p42 44 BRIDGE
7400 17p | 7486 36p [ 74192 130p | 5367 FLT Op Amp T0 99 300p | ToRS BF 194 12 nnggs :g: %:5033 3: gvﬁfgc}"mup R CTEIETS
7401 18p | 7489 29%p | 74193 130p | 709  Ex1 Comp. 8/14 pin DIL 38p i ac125  20p | gF195  17p | TIP30SS 70p | 2NS296  65p | BYi26  12p | 1A 50V 25p
7402 18p ( 7490 43p | 74194 130p | 741 Int. Comp. 8/14 pin DIL 250 | ac126  20p | 8F196 17| Tise3 30p | 2N5401 62p | BY127  12p | 1A 100V 27p
7403 18p | 7491 81p | 74195 96p [ 747  Dual 741 14 pin DIL 70p | AC327  20p | BF197 19p { ZTX108  11p | 2N6107 70p | IN40OT  6p [ 1A 400V 31p
7404 25p | 7492  55p | 74196 120p | 748 Ext Comp. 8714 pin DIL 2001 aC128  18p | BF200  40p | 2x300  16p | 2N6247 175p | 1N4O02  ep | JA EOOV 37p
7405 25p. | 7493 43p | 74197 120p | 776  Prog. Op. Amp T0 99 180p | AC176  20p | BF257  34p | ZTX500 19p {Comp. to 1IN4OO4  7p | 2A 50V 37p
7406 45p | 7494 81p | 74198 214p | 1458 Oual Op Amp. 8 pin DIL 700 | aC187  20p | Br258  39p | ZTx504  S0p IN3055) 1NGOOS  7p | 24 100V a4p
7407 39p | 7495 70p | 74199 220p | 3130 CMOS Op Amp 8 pin DIL 1080 | AC1le7k  25p | BFR39  34p | 2NB97 25 | 2N6254 130p | 1NAOO7  Bp | 2A 400V S6p
7408 22p | 7496 84p | C-MOS ICs | 3140 BIMOS/FET input 8 pin DIl 108p | AC188  20p | BFRAD  34p | 2N698  32p | 2NG292 70p 4A 100V 75p
7409 22p | 7497 291p | 4000 18p } 3900 (had Op Amp. 14 pin DIL 80p| ac188k 25p | BFR79  34p | 2N706  22p | 40360  43p 6A 50V 7Sp
7410 18p | 74100 118p | 4001 19 [TINEART.Cs AD149  46p | BFRBO  34p { 2N708  22p | 40361 43p | ZENER 6A 100V 78p
7411 26p | 74104 80p | 4002 19p [Ca3028a  Dift Cascade Amp 7099 112p | AD161  39p | BFRBS  37p | 2N918  43p | 40362  4Sp | 2.7 1033V 64 200V 84p
7412 27p | 74105 B0p | 4006 120p |Ca3046 5 Transistor Arcay f4pn DL 75p i ADI62  39p | BFX30  36p | 2N930  19p | 40410  65p | 400mw 11p | 6A 400V 90p
7413 38p 7:‘07 32p | 4007 19p |ca3048 4 Lo Noise Amp. 16 pin DIL  250p | AF115 22p | BFx84 30p | 2N1131  20p | 40409 65p | MW 22p
7414  80p | 74109 :69 4008  67p |Cca3053  Difl Cascade Amp TO5/DIL 60p | AF116 22p | Brx8s 30p | 2N1132  20p | 40411 275p
7416  34p | 74110 55p | 4011  19p [ Ca3080 Op Transcond Amp 705/8 DIL  97p | AFY17  22p | BFxsE 30p | 2N1304 40p | 40594  85p TRIACS
7417 34p | 74116 218p | 4012  18p | CA30B9E FM IF System 16 pin DIL  250p | AF139 43p | grxs7 30p | 2N1305 40p | 40595 97p Amp Voits
7420 18p | 74118 90p | 4013  55p | CA3090AQ FM Stereo Decoder ai AF239  48p | BFx88  30p | 2N1306 43p | ep NOISE 3 400 130p
7421 43p | 74120130 | 4015 90 |CLBO3BCC VCO Fun Gen 16 pin DI 370p)| BC107/8 10p | BFY50  18p ( 2N1613 27p FF2;4 3 250 140p | 6 400 162p
7422 24p | 74121 32p | 4016 54p [ m380N  2W Audio Amp 14 pin DIL 115p | BC108/B 10p | BrySt 16p | 2N1711 27p BPF 02 Sp 6 500 194p
7423 A0p | 74122 52p | 4017 110p |[M3BIN  Stereo Pre Amp 14pin DL 175p | BC109/C 11p | BrY52  18p | 2n1893  32p | MPF! 40p 10 400 200p
7425 33p | 74123 73p | 4018 247p |m252 Ahythm Generator 16 pin DIL 1000p | BC147 9 | BRY39  4sp | 2n2219  25p | MPFI03 40 ¢ .. 10 500 270p
7827 40p | 74126 7Sp | 4020 140p |MCI310P FM Stereo Decoder J4pnDIL 190p | BC148  9p | BSX19  20p | 2N2227 25p | MPTIOY 40P | grico  30p | 15 400 310p
7428 39%p | 74132 75p | 4022 180p |MC1351P Lim/Der. Aud Pre amp 1amaDit 104p | BC149  10p | BSX20  20p | 2N2369  15p | MPF10S 4 15 340p
7430 18p | 74136 Bip | 4023 19p |mMC3340P Electronic Attenuator 8pinDIL  160p | BC157  11p | gU105 175p | 2N2484 32p | 2N3819  27p 40430 108p
7432 30p | 74141 80p | 4024 100p | MFCAOODB %W Audio Amp PCB 750 | BC1S8  13p | U108  312p | 2N2904/a25p | ZN3820 50p 40669  105p
7437 32p | 74142 3 4025  19p |NESAOL  Aud Pwr Driver 108 140p | BC1S9  13p | MIE340  49p | 2N2905/a25p | 2N3823  Sdp
7438 32p | 74145 75p | 4026 200p |NESSSy  Tmer BpinDIL  40p | BCTESC 15p [ mUzBs5 120p | 2N2908  25p | 2N3457  40p
7440 1Bp | 74148 173p | 4027 B1p | NESSE Duat 555 14 pn DL 96p | BCI71 12p | MJE2955120p | 2N2026RB 459 2%
7441 75p | 74150 1550 | 4028 152p |NES61B  PLL with AM Demod 425p | BC172 12p | MJE3055 8Op | 2N29260G11p 2N545 S0 Fully branded devices by RCA
7442 75p | 74151 77p | 4029 130p | NEe28 AL with VCO 16 pin DIL 425p | 8C173  13p | mPSAOE 2N3053 19p | V128 e | E e Raia e Y RCA
7443 118p | 74153 92p | 4030 59p | NESES PLL i4pn DL 200p | BC177  20p | MpSa12 62 | 2N3058 Sap | 3N140 92 . Pt
7444 116p | 74154 184p | 4047 150p |NESE6V  PLL Fun Gen BpoinDIL  200p | BC178  17p | MPSUOS 78p | 2N3055 sap | 3N141  S0p
7445  90p | 74155 96p | 4043 218p |NESE7V  PLL Tane Decoder BpnDIL  200p | BC179  20p | MpSUSE 98p | 2N3442 151p | 30803  63p
7446  90p | 74156 98p | 4046 150p | 2567 Dual 567 16 pin DIL BC182 12p | oc28 75p | 2N3702  1ap 40673 83p
7447 B1p | 74167 9Up | 4047 110p |5N72710  Dift. Comparator 14pinOIL  Bap | BCIB3  12p | OC35 75p | 2N3703  14p | yyrs
7448 85p | 74160 116p | 4043 88p |SN72733 Video Amp 14 pnDIL  150p | BC1B4 14p | OC71 25p | 2N3704 14p | 11543 40p SCR THYRISTORS
7451 20p | 74161 116p | 4050 50p | SN76003N Aud. Pwr Amp with int HS 16 pin DI 275p | BC187  32p | TIP29A  50p | 2N3705 14p | 282160 95p 1A 50V 705 43p
7453 20p | 74162 116p | 4054 130p |SN76008 10W Amp. i B ohms S pn Plastic 280p | BC212  14p | TIP29C  62p | 2N3706 12p | JN2646 48p A 100V 105 45p
7454 20p | 74163 116p | 4055 140p | SN76013N Aud Pwr Amp with int HS 16 pn DIL  175p% BC213 12p [ TIP30A  60p | 2N3708  12p | 2nag7Y  40p 1A 400V TO5 50p
7460 20p | 74164 130p | 4056 145p | SN76023N Aud Pwr Amp. withint HS 16pin DIL 175p | 8C214  17p | TIP3OC  72p | 2N3709 12p : 3A 400V STUD 81p
7470 32p | 74166 136p | 4060 130p |SN76033N Aud. Pwr Amp withint HS 16pin DL 275p | BC478  32p | TiP314  S6p | 283707 14p | PYIT 8A SOV Plastic 142p
7472 30p | 74167 370p | 4069 30p |TAA621A Aud Amp for TV an 270p | BCS547  12p | TIP3IC  68p { 2N3773 270p | 2N6027 80P 1 154 400V Piasuc 173p
7473 34p | 74174 131p | 4071 299 |TAAG61B FM/IF Amp. Lim/Det Qi 150p | BC5S7  12p [ 7IP32A  63p | 2N3866 97p | DIODES 16A 100V Plastic 180p
7474 36p | 74175 92p | 4072 29p |78AB41B  Audo Amp. Qi 300p | BCYZO  20p | TIP32C  8Sp | 2N3904 22p | SIGNAL 16A 400V Plastic 220p
7475 A8p } 74176 13tp | 4081  19p {71EABD0  SW Audio Amp QL 100p | BCY7Y 24p | TIP33A  87p | 2N3905 25p | 0A47 10p | 16A 600V Plastic 270p
7476 3Mp | 74177 120p | 4082 28p |TgAG10 W Audio Amp ai 125p | BD124 120p | TIP33C 120p | 2N3906 22p | 0AB1 15p
7480 S4p | 74180 120p | 4510 142p |7BAB20  2W Audio Amp ait 100p | BD131 39p | TIP34A  124p | 2N4O58 19p | OABS 15p | BT106 1A 700V STUD 130p
7481 103p | 74981 322p | 4511 200p |Y10A2020 20W Audio Amp ai 375p | 80132  43p | TIP3AC  160p | 2N40BO  19p | 0A90 7p | C108D 4A 400V Plastic 63p
7482 75p | 74182 B8p | 4516 140p |xp7240  Prog Timer/Counter 16 pn DIl 400p | BD135  54p | TIP35A 243p | 2N2123  22p | 0A91 9 | MCR101 %A 15V T092  27p
7483 97p | 74185 148p | 4518 120p |7N41a  TRF Radio Recewer T018 1a0p | BD136  55p [ TIP3SC  290p | 2Nai24  22p | 0A95 Sp { 2N3I525 54400V TO66  97p
7484 103p | 74190 156p | 4528 130p 3 = BO139 gp TIP3GA 297p | 2N4125 22p | 0A200 8p | 2M4444 8A BOOV Plastic  200p
- - BD140 TIP36C  360p | 2N4126 22p [ 0A202 1 2N5060 0 8A 30V T
VOLTAGE REGULATORS PNOTD‘"‘ANS'STO? BF115 242 TIPA1A 70:: 284371 142: 1NS14 :': 2N5062 0 8A ?nov '}’352,2 :g;
ﬁi)::‘—Pla:nc 3 Terminals - gg';;? 1202 LEDS ' BF167 25p | TIP41C  81p | 2N4348 173p | 1N916  11p | 2NS5064 0 BA 200V 7092  43p
p_tve =
5V 7805  150p 7905  215p | 2N5777 Sop ;“309 e azp L ) L T VL ;
12v 7812 150p 7912 215p | LORs &b TIL32 Intrared 81p 3 = ]
Ig\‘; ;g:g 1‘:3: ;g}g g::: g:ﬁég 75: g.;” in VAT INCLUSIVE PRICES. Add 20p P&P — no other extras
g h
24y 7824 150p 7924 215p | ORP61 P 6-ean, zss MAIL ORDER ONLY. GOVT. COLLEGES ORDERS WELCOME
IM309K 5V 1Amp  TO3 150p | SEVEN SEGMENT DISPLAYS {500 320 . e
LM309H 5V 100mA 105 97p | 3015F 175p DL707 160p
T8A6258 12V 0 5A T05 106p DL704 160p k.
VARIABLE DRIVERS DIy 2508
723 14pin DIL asp | 75491 sap 75492 104p
1OW PROFILE DIL SKTS BY TEXAS 3
8 pin 2p 16 pin 14p | 2513 Character Generator A O M ssop | 54 Sandhurst Road, London NW9 { Tel- 01-204 4333
14 pin 13p 24 pin 54p [ 2112RAM 450p Telex 922800
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PART 11

PROGRAMMING

We talked last month of the logical,
structured method of programming,
making use of subroutines. For a
program, which has to do calcula-
tion, the standard method of doing
arithmetic is to use subroutines for
the arithmetic operators. Note that
an 8 bit microprocessor can only, of
itself, represent a number between
0 and 255, or, in BCD, using the 8
bit byte as 2 BCD digits it can
represent a number between O and
99. This is not really much use for
most applications.

Consequently, numbers are
represented using two or more
consecutive locations in memory.
With two locations, in binary we can
get up to 65 535, or in BCD, up to
9999. This, of course, only takes
account of positive numbers — if
negative numbers are required,
these can be represented in binary
using the ‘two’s complement’
method, or by placing a sign bit in
front of the number. This now
spreads the number range from
entirely positive numbers to | 32
767 using binary positive numbers
using BCD.

The reason that BCD is used is
that it is easier to encode into
ASCIl — one simply splits each
byte into two, and adds the BCD
digit to 0110000, or Hex 30; this
then gives the correct ASCII code tq
be output to a Teletype. For binary,
the process is obviously more
complex, as the binary number has
to be decoded to decimal before
outputting.

The use of BCD means that many
computers (and microprocessors})
have been designed with BCD in
mind. Many can perform addition
directly on BCD digits, automatical-
ly producing a BCD resuit. In other
cases, and many microprocessors
fall into this category, the CPU
performs a straightforward binary
addition, i.e. it adds the pairs of
BCD digits as if they were pure
binary, and then performs an
adjustment instruction to correct the
answer to BCD. The M6800 chip,
for instance, uses this trick — it has
a flag in the Condition Codes
Register called the Half-Carry bit,
which can be set if there is a carry
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from bit 3 during an addition. When
a Decimal Adjust Accumulator
(DAA) instruction is executed, the
CPU samples the condition of this
bit, the Carry bit, and the two
half-bytes of the A accumulator and
then adds 00, 06, 60, or 66,
depending on the various para-
meters, to correct the contents of
ACCA into two BCD digits.

— these will come from location 51.
We then add the least significant
digits of the second number into
ACCA — these are stored in location
53. This process will have affected
the various flags in the CCR, and so
the next instruction should be a
Decimal Adjust Accumulator. We
are now left with the (correct) BCD
result in ACCA and must store it in

Location Contents Representing
50 12 ,
51 34 1234
52 98
53 78 9878
54 01
55 11 11112 (result)
56 12
Fig. 1. (a) Memory contents
Location Contents Assembly Language Instructions
70 96 51 LDA A 51
72 9B 53 ADD A 53
74 19 DAA
75 97 56 STA A 56
77 96 50 LDA A 50
79 99 52 ADC A 52
- 81 19 DAA
82 97 55 STA A 55
84 25 87 BCS CARI)
86 39 RTS
87 96 01 CARI LDA A 01
89 97 54 STA A 54
91 39 RTS
Fig. 1. (b). Simple addition program
ADDITION SUBROUTINE

The important thing to know is not
how the CPU does this, but to know
that it can be done. Let's look at
one, almost trivial example of how
this instruction can be used. For the
purpose of simplicity, we shall
assume that we want to add
together two 4-digit numbers which
are each stored in the form of two
consecutive bytes of BCD, starting,
say, at locations 50 and 52
respectively. Lets also assume that
we want to place the result into the
following locations in memory.

The first operation we perform is
to load the two least significant
digits of the first number into ACCA

memory while we perform other
calulations in the accumulators, so
the next instruction is STAA 56 —
we will explain why we chose 56
and not 55 (as you may have
anticipated) in a moment.

Once again, we load the Accu-
mulator — this time with the most
significant digits of the first number.
This time, when we add the digits of
the second number, we must take
account of any carry left over from
the previous calculation (which will
have been stored in the form of the
Carry flag in the CCR), and so we
use the ADC A instruction. Next, we

store the result in memory location
55.
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FORGOTTEN SOMETHING?

This leaves a gap between location
53 (the 2nd byte of the 2nd

number) and the beginning of our.

result so far. The reason is that we
have, as yet, taken no account of
any carry which may have been
generated from the last addition.
Accordingly, we insert a Branch on
Carry Set instruction, so that if there
is a carry, we branch to a routine
which loads the Accumulator with
01 and stores this in location 54, to
complete the calculation. Finally,
we finish off with a Return from
Subroutine instruction. The
completed program, together with a
memory map showing the use of
memory, is shown in Fig. 1.

This program is deliberately
simplified, in that we have only
represented 4 digit numbers, and
only integer ones at that. This is a
simple representation of fixed
point numbers, i.e. the decimal
point is always assumed to be in the
same position. One obvious
improvement to the above subrou-
tine would be to use indexed
addressing, which would enable a
more compact subroutine to be
written for much longer numbers.
Similar subroutines may be written
for subtraction, multiplication, and
division.

However, a more useful tech-
nique for representation of numbers
is the floating-point technique,
where a number is put in the form of
a mantissa and exponent, as in the
case of many scientific calculators.
Floating point arithmetic packages
are considerably more difficult to
write, and they mainly find their
application in interpreters and
compilers for high-level languages,
so that they are brought as part of
an interpreter program. You may
like to think about the problems
involved in writing some floating
point routines — such as: how does
the routine know where to find the
number it will add? What happens
when you try to add a very large
number to a very small number {try
this on a scientific calculator)?

HIGH-LEVEL LANGUAGES

High-level languages are what make
the writing of large scientific and
commercial problems feasible. For
the amateur, they can take out a lot
of the drudgery of program writing,
and possibly more important, they
allow the transfer of programs from
one computer to another. For
example, many games programs are
available written in BASIC, and
these can be run on any computer
having a BASIC interpreter or
compiler providing there are no

non-standard features used in the
program.

What is the difference between a
compiler and an interpreter? Briefly,
a compiler is a program which
converts the code written in high-
level language into machine code so
that it can then be run directly. An
interpreter, on the other hand, is a
program which is resident in the
machine at the same time as the
program being executed, and looks
at it line by line, executing the
source code directly. To sum up, the
compiler alters the program to be
run on the machine, while the
interpreter effectively alters the
machine to run the program.

In addition an interpreter offers
the ability to edit and alter a
program directly, whereas with a
compiler, the entire program has to
be re-compiled. On the other hand,
a compiled program can be consi-
derably faster in execution than an
interpreter/ program combination.

AVAILABLE INTERPRETERS

Most of the hobby activity today is
in the States, and itis there that most
interpreters are available, and of
course, most of these have been
written to suit the Altair/Imsai and
South West Technical computers.
In most cases, BASIC interpreters
are available in various sizes (to suit
various amounts of memory) and
offer widely ranging facilities, such
as string handling and double-pre-
cision variables on the Extended

Basic. Altair BASIC, for example has
the functions: SIN, COS, TAN, LOG,
EXP, SQR, SGN, ABS, INT, FRE,
RND, POS and TAB and SPC in
PRINT statements. This program
takes up 5.9K bytes for the 8080.

At the opposite end of the scale
is VTL/ 1 a Very Tiny Language for
the Altair 680 which comprises
both a BASIC-like interpreter and a
use collection of subroutines that
can be used by the machine
language programmer. This
occupies 768 bytes of ROM, and is
intended to be used with the
minimum 680 configuration of 1K
bytes of RAM and a terminal.
Editing can be done as in Basic, and
VTL/ 1 will print strings. Compelec
Electronics can supply further
information, although it may be
worth waiting for VTL/2, which |
believe is in the pipeline.

Computer Workshop of 174
Ifield Road, SW10, have now got 3
different versions of a BASIC
interpreter suitable for their 6800
based system, which offer a wide
range of facilities. Typically, these
are available in the form of both
paper tape or CUTS standard
cassette, and will run in systems
using the MIKBUG/PIA-TTY inter-
face combination. Incidentally, we
hope to have a review of their
CT-1024 VDU next month

COMPILERS

In general, compilers are not so
convenient for amateur use, and so

The new MP-68 computer from Computer Workshop of 174 Ifield Road,
London SW10 is based on the 6800 microprocessor. A wide range of software
and hardware extras are available for this machine, including BASIC interpreters
and an audio cassette interface, the AC-30, which is also available separately.
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the main compilers on the market
are for professional use, so that, a)
they are expensive and b) they
require a lot of memory, often
backed up with floppy discs, to run.
Motorola do a resident FORTRAN
compiler for their EXORciser, while
Intel do a resident PL/ M compiler for
their Intellec MDS system. In addi-
tion, GCE do a compiler for Coral 66
which requires 48k of memory and
a floppy disc, which is probably a
bit more than most amateurs would
use! Assemblers are probably more
useful — these are available from
‘hobby’ computer suppliers as well
as the MPU manufacturers.

ADDITIONS TO 9900 FAMILY

Texas Instruments Limited will add
a new microprocessor and four
peripheral circuits to its TMS 9900
family to expand the applications
spectrum of all 9900-series pro-

ducts, according to a company
spokesman.

The TMS 9980 is a new MOS
microprocessor — a lower perfor-

mance version of the powerful
16-bit TMS 9900 microprocessor.
It-is packaged in a 40-pin DIP, and
like the TMS 9900, it is a 16-bit
central processing unit and executes
the full 9900 instruction set includ-
ing hardware multiply and divide. It
features an 8-bit data bus and a
16-bit address bus, making it
compatible with byte-oriented
MiCroprocessor memories.

The same 1/0 system s
employed as on the TMS 9900,
offering the user capability to do
DMA, memory mapped 1/0, or a
serial I/0 port (the Communications
Register Unit, or CRU). Six inter-
rupts including a nonmaskable
interrupt and reset will be available.

The osciliator and clock genera-
tor of the 9980 will be contained
on-chip. The new microprocessor is
targeted to be extremely cost
effective in systems requiring
smaller memory size and less |/0,
particularly where board space and
chip count may be critical. The TMS
9980 will compete head-on in the
medium performance range with
currently available 8-bit MPUs such
as 8080 or 6800. The 9980 gives
Tl a complete software compatible
family including: TMS 9900 16-bit
microprocessor, 990/4 microcom-
puter and 990/10 minicomputer
-implemented in TTL. TMS 9980
samples are scheduled for 1977.

The TMS 9904 is the 4-phase
clock generator and driver for the
TMS 9900.

The TMS 9901 is a programma-
ble system interface using NMOS
technology. It can be used with
9900 or 9980 systems. The 9901
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‘generator

interfaces directly to the processor
CRU port, and provides three
functions — interrupt prioritization,
t/0 control and interval timing.

The TMS 9902 is an NMOS
asynchronous communication con-
troller (UART) and interval timer
which can take advantage of the
CRU 1/0 port of the 9900 and
9980. Programmable features
include data rates from 5 to 76,800
bits per 'second, character lengths
from 5 to 8 bits, 1, 1.5 or 2 stop
bits, and even/or no parity.

The TMS 9903 is an NMOS
peripheral which performs the
synchronous communication con-
trol, from DC to 250K bits/second
in various formats including IBM
Bi-Sync and SDLC.

Texas Instruments Limited, Manton
Lane, Bedford.

SCRUMPTIOUS!

Now available from Bywood Elec-
tronics is SCRUMPI, a complete
microcomputer/controller on a
board based on the National
Semiconductor SC/MP MPU.
SCRUMPI uses 8 toggle switches
for data input and 24 LEDs for
address/data and status display.
This means that all you have to add
to get a complete working MPU is a
power supply and a program (demo
programs are included).
Programming and testing of a
program with SCRUMPI is simplici-
ty itself — by using the RESET
switch the MPU addresses location
X'0001" which is the program start
location; the first instruction is then
entered at this address and execut-
ed. After execution of the instruc-
tion, the MPU will halt at the next
location where the second instruc-
tion is to be entered and executed.
Execution can be by byte steps, by
automatic increment at about 5Hz
or at full speed (100 kHz or faster).
An extender card will be available in
a few weeks to enable interfacing to
additional RAM, PROM and EAR-
OM as well as an extended instruc-
tion set (using add-on hardware)
and chip or device selection logic.
Around the same time VDU /key-
board interface and PROM software
will be introduced.
Bywood Electronics, 68 Ebberns
Road, Hemel Hempstead HP3 9RD.

TALK TO ME!

The COMPUTALKER CT-1 Speech
Synthesizer is a high quality voice
unit designed for the
standard 1/0 bus configuration
used in Altair, Imsai and Polymor-
phic microcomputers. The storage
required is 900 bytes per second of
speech using the Direct Control
method of programming, which

An Introduction to Microcomputers,
Adam Osborne & Associates.

Here, at last, is a sensibly written
book on the subject of
microprocessors that doesn't go
into market predictions, doesn't telt}
us what success the Acme Corp.
have had with their new micropro-
cessor-based product and isn't
lavishly illustrated with photographs
of multimeters and VDUs which we
are told have MPUs inside them.
This book sticks strictly to the
matter at hand — what goes on
inside and around a microprocessor.
The tfayout of the book is very
definitely American — bold type is
important, light type is additional
information so that you know which
bits to skip if you want to.

Programming is covered in con-
siderable depth, with explanations
of Assembly Language, the various|
commonly-used addressing modes;
and a hypothetical instruction set.
The best thing about the book,
though, is the way it doesn't play
coy and ignore real microproces-
sors, but actually examines and
classifies 7 real MPUs (Fairchild,
National, Intel Motorola, Rockwell,
Signetics).

Lots of information, sensibly
presented. An Introduction to Mi-
crocomputers is available from
Peleo (Electronics) Ltd., 61 Lans-
downe Place, Hove, Sussex, BN3
1FL for £4.50 inc. postage.

operates the CT-1 directly from
parameters stored in memory.
However, this demands considera-
ble attention to detail in program-
ming, and it is easier to program the
CT-1 using a system of phonetic
rules to generate the synthesis
control parameters from input
phonetic text. The parameters
generated by the CSR1 synthesis-
by-rule software system do not
produce the same natural quality
possible with the Direct method, yet
the speech is easily intelligible.
From Compelec (see below) for
£395.

LOOK AT ME!

Another nice goody from Compelec
is a low cost optical data digitizer, or
in other words a digital camera that
you can hook up to your computer.
This device produces a 32x32
element picture, and controller
boards give software control of
exposure, frame rate and memory
allocation for picture storage. The
camera s £195 and controller
£195. .
For further details contact: Com-
pelec Electronics Ltd., 310 Kilburn
High Road, London NW6. @
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TIMER
APPLIGATIONS

-

-

DESCRIBED BY
R. M. MARSTON

THE 555 TIMER is a highly versatile low-cost IC that is
specifically designed for precision timing applications,
but which can also be used in a variety of monostable
multi-vibrator, astable multivibrator, and Schmitt
trigger applications. The device was originally
introduced by Signetics, but is now available under the
‘655" designation from many other manufacturers.

The 555 has many attractive features. It can operate
from supply voltage in the range 4.5V to 16V. lIts
output can source (supply) or sink (absorb) any load
current up to a maximum of 200mA, and so can
directly drive loads such as relays, LED’s, low-power
lamps, and high impedance speakers. When used in
the 'timing’ mode, the IC can readily produce accurate
timing periods that can be varied from a few
microseconds to several hundred seconds via a single
R-C network. Timing periods are virtually independent
of actual supply rail voltage, have a temperature
coefficient of only .005% per °C, can be started via a
TRIGGER command signal, and can be aborted by a
RESET command signal.

When used in the monostable mode, the IC
produces output pulses with typical rise and fall times
of a mere 100nS. It can be made to produce
pulse-width modulated (PWM) pulses in this mode by
feeding fixed frequency clock pulses to the TRIGGER
terminal and, by feeding the modulation signal to the
CONTROL VOLTAGE terminal.

When used in the astable mode both the frequency
and the duty cycle of the waveform can be accurately
controlled with two external resistors and one capacitor.
The output signals can be subjected to frequency sweep
control, frequency modulation (FM), or pulse-position
modulation (PPM) by applying suitable modulation
signals to the CONTROL VOLTAGE terminal of the IC.

THE 555: HOW IT WORKS
The 555 is available under a variety of specific type
numbers but is generally referred to simply as a ‘555
timer.” The device is available in a number of packaging
styles, including 8 and 14-pin dual-in-line (DIL) and
8-pin TO-99 types. Throughout this article all circuits
are designed around the standard 8-pin DIL versions of
the device.

Fig 1 shows the outline and pin notations of the
standard 8-pin DIL version of the 555, and Fig 2 shows

crounp[ |1 L me
TRIGGER :[ DISCHARGE
ca E 555
ouUTPUT E TIMER DTHRESHOLD
RESET a4 g :]CONTROL VOLTAGE

Fig. 1: Outline and pin notations of the standard 8-pin dil
version of the 555 timer I.C.
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the functional block diagram of the same device (within
the double lines), together with the connections for
using it as a basic monostable generator. The following
explanation of device operation assumes that the 555 is
used in the monostable configuration shown in Fig 2.
The 555 houses 2 diodes, 15 resistors, and 23
transistors. These components are arranged in the form
of one voltage-reference potential divider, two
voltage-comparator op-amps, one R-S flip-flop, a
low-power complementary output stage, and a slave
transistor. The voltage-reference potential divider
comprises three 5k() resistors in series, and is
connected across the supply lines. Consequently, 2/3
V.. appears at the junction of the upper two resistors of

o -0 +Vee

CONTROL
VOLTAGE RESE J
0 ]
S; RT Ve (SP Q R4 = SE Bt
R
e
~ 4
—® ’
oP.AMP {
THRESHOLD 3 -
-
SR2 FLIP-FLOP
sk =
s
> ]
OP-AMP r
r3y[
5k 2

= ST TRIGGER

’—‘@- STAGE
DISCHARGE i : Y
(¢]]
OUTPUT
e

>=cT =
SS5TIMER r:l__-

GROUND

- e 4 —0 Ov

Fig. 2: Functional block diagram (within the square) of the 555
timer i.c., together with the connections for using the i.c. as a
basic monostable generator or timer.

the potential divider, and is fed to one input terminal of
the upper voltage-comparator op-amp and 1/3 V.
appears at the junction of the two lower resistors of the
potential divider, and is fed to one input terminal of the
lower voltage-comparator op-amp. The outputs of the
two comparators control the R-S flip-flop, which in turn
controls the states of the complementary output stage
and the slave transistor. The state of the flip-flop can
also be influenced by signals applied to the pin 4
RESET terminal.

When the monostable or timing circuit of Fig 2 is in
its quiescent state the pin 2 TRIGGER terminal of the
chip is held high via R1. Under this condition Q1 is
driven to saturation and forms a short circuit across
external timing capacitor Cy;, and the pin 3 output
terminal of the IC is driven to the low state. The
monostable action can be initiated by applying a
negative-going trigger pulse to pin 2. As this pulse falls
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below the 1/3 V. reference value of the built-in
potential divider the output of the lower voltage
comparator op-amp changes state and causes the R-S
flip-flop to switch over. As the flip-flop switches over it
cuts off Q1 and drives the pin 3 output of the chip to
the high state.

As Q1 cuts off it removes the short from timing
capacitor C;, so C; starts to charge exponentially
towards the supply rail voltage until eventually the
voltage across C; reaches 2/3 V. At this point the
upper voltage comparator op-amp changes state and
switches the R-S flip-flop back to its original condition,
so Q1 turns on, rapidly discharging C;, and
simultaneously the pin 3 output of the IC reverts to its
low state. The monostable operating sequence is then
complete. Note that, once triggered, the circuit cannot
respond to additional triggering until the timing
sequence is complete, but that the sequence can be
aborted at any time by feeding a negative-going pulse
to pin 4.

The delay time of the circuit, in which the pin 3
output is high, is given as

t=1.1R; C;

where t = mS, R; = kQ), and C; = uF. Fig 3 shows
how delays from 10uS to 100 seconds can be obtained

— . e -
d ;/ / t=1.1¢T RT
/ / / WHEN: t = m$
= 4 : CT=uF
o 4 d V / p RT =k
X / / / / / ‘
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& 74 B4 4 Y 4
e
5 / / /
01~ / 17 7 g
001 A_/ / /
10 100 1.0 1 100 10 10 100
s P ms ms ms SEC SEC SEC

TIME DELAY. t
Fig. 3: 555 time delays for different values of resistance and
capacitance.

by selecting suitable values of C; and R; in the range
.001 uF to 100uF and 1kQ) to 10MQ. in practice, R+
should not be given a value less than 1k() or greater
than 20M(Q), and capacitor C; must always be a
low-leakage component. Note that the timing period of
the circuit is virtually independent of the supply voltage
but that the period can be varied by applying a variable
resistance or voltage between the ground and pin 5
CONTROL VOLTAGE terminals of the chip. This facility
enables the periods to be externally modulated or
compensated.

The pin 3 output terminal of the IC is normally low,
but switches high during the active monostable
sequence. The output can either source or sink currents
up to a maximum of 200mA, so external loads can be
connected between pin 3 and either the positive supply

_rail or the ground rail, depending on the type of load
operation that is required. The output switching rise
and fall times are typically about 100 nanoseconds.
Having cleared up these points, let's now go on and
look at some practical applications of the 555 timer |.C.

50 SECOND TIMER

This 50 second timer or pulse generator gives a direct
voltage output at pin 3 which is normally low, but goes
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high for the duration of the timing period. Optional
components R, and LED (shown dotted) give a visual
indication of the timer action. The circuit works in the
same basic way as already described, except that the
timing action is initiated by momentarily shorting pin 2
to ground via START switch S;. Note from the circuit
waveforms that a fixed-period output pulse is available
at pin 3 and an exponential sawtooth with an identical
period is available at pin 7: The sawtooth waveform has
a high output impedance.

The basic timer circuit of Fig 4 can be varled ina
number of ways. The timing period can be made
variable between approximately 1.1 seconds and 110
seconds by replacing R, with a 10k() fixed resistor and
a 1MQ) variable resistor in series.
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PIN 7 '
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The period can be further varued, if required, by
switch-selecting decade values of timing capacitance.
The dotted section shows how the circuit can be
provided with a RESET facility, so that a timing period
can be aborted at any time, by taking pin 4 to the
positive supply rail via resistor R; and wiring RESET
switch S, between pin 4 and ground.

The timing circuit of Fig 4 can be used to drive
non-inductive loads at currents up to 200mA directly.
They can be used to drive inductive relay loads by using
the basic connections shown in Fig 5.

The Fig 5 circuit is designed to apply a connection to
a normally-off external load for a pre-set period of 50
seconds when START switch S, is momentarily closed.
The relay is normally off, but turns on for the 50 second
period when the timing cycle is initiated. D, is wired in
series with the relay coil to counteract the sli&ht residual

12v
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INdo01 | e 5 s o
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& 01 [ RLA s1
tomake A& | 12v d START
LOAD 1007 GJD.+
o *— -0 0V

Fig. 5: Relay-output timer makes or breaks connection to load
for pre-set period of 50 seconds when S, is momentarily
operated.
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voltage that appears at pin 3 of the IC under the OFF
condition and thus ensure that the relay turns fully off.
The dotted section shows how this circuit can be used
to switch off a normally-on load.

Note in Fig 5 and all other relay-output circuits
described here, that the relays used can be any 12 volt
types that draw ON currents of less than 200mA, e.g.,
that have coil resistances greater than 60Q).

The basic relay-driving timer circuit of Fig 5 can be
adapted for use in a variety of useful applications. Some
typical examples are shown in Figs 6 to 9.

53 POSITIONS
1-0%ec - 105ec
2-90sec  100sec

Fig. 6: Relay-output general-purpose timer covers 0.9 sec to
100 sec in two decade ranges.

Fig 6 shows the practical circuit of a relay-output
general-purpose timer that covers 0.9 seconds to 100
seconds in two decade ranges: The circuit has a RESET
facility provided via S,, so that timing periods can be
aborted part way through a cycle if necessary. A
noteworthy feature of this circuit is that the maximum
timing periods of each decade range of the timer can be
precisely pre-set via R; or Rg, which effectively shunt
the built-in potential divider of the 555 and thus
influence the timing periods: This facility enables the
circuit to give precise timing periods even when
wide-tolerance timing capacitors are used.

To set up the Fig 6 circuit, first set R, to maximum
value, set RANGE switch S; to position 1, activate
START switch S,, and adjust R to give a timing period
of precisely 10 seconds. Next, set S; to position 2,
activate START switch S,, and adjust Rs to give a
timing period of precisely 100 seconds. All adjustments
are then complete, and the timer is ready for use.

DELAYED HEADLIGHT TURN-OFF

Fig 7 shows the practical circuit of an automatic
delayed-turn-off headlight control system for auto-
mobiles. This facility enables the owner to use the car
lights to illuminate his path for a pre-set time after
parking as he leaves the garage or walks along a
driveway, etc. The circuit does not interfere with normal
headlight operation under actual driving conditions. It
works as follows.

When the ignition switch is turned to the ON

position current is fed to the coil of the relay via D; and
the 12 voit supply rail, so the relay turns on and
contacts RLA/1 close. As the contacts close they
connect the 12 volt supply to the timer circuit and to
the headlight switch. Thus, under this ‘ignition on’
condition the headlights operate in the normal way.
Note that, since one side of C, is connected directly to
the positive supply rail and the other side is taken to the
positive rail via R,, the capacitor is fully discharged
under this condition.

The moment that the ignition switch is turned to the
OFF position the Dj-derived current supply to the relay
coil is broken, and simultaneously a negative-going
trigger pulse is fed to pin 2 of the 555 as the C,-R,
junction drops to ground volts and C, charges up. Now,
relays are inherently siow-acting devices, so contacts
RLA/1 do not open instantaneously as the ignition
switch is turned off. Conversely, the 555 is a very fast
triggering device, and the instant that the trigger puise
Is generated via the turn-off action of the ignition switch
a timing cycle is initiated and current is fed to the relay
coil via output pin 3 of the IC as it goes high. Thus the
relay remains on for a pre-set period after the ignition
switch is closed, and the positive supply rail remains
connected to the headlight switch for the duration of
this period. With the component values shown this
period is roughly 50 seconds.

At the end of the 50 second timing period, pin,3 of
the 555 switches to the low state and the relay turns
off. As it does so, contacts RLA/ 1 open and remove the
supply from the timer and the headlight switch, and the
headlights turn off. The operating sequence is then
complete.

Readers may care to note that the above system of
operation is consistent with the practice adopted in
many modern vehicles of feeding the headlight switch
via the ignition switch, so that the headlights operate
only when the ignition is turned on. On older types of
vehicle, where headlight operation is independent of
the ignition switch, a manually-triggered
delayed-turn-off headlight or spotlight control facility
can be obtained by using the circuit shown in Fig 8. The

-action of this circuit is such that, if the vehicle is parked

with its lights off, they turn on for a pre-set 50 second
period as soon as a push-button START switch is
momentarily closed, and at the end of this period turn
off again automatically.

The Fig 8 circuit uses a relay with two sets of
normally-open relay contacts. The timing sequence is,
initiated by momentarily closing push-button switch
S,. Normally, both S, and the relay contacts are open,
so zero power is fed to the timer circuit and the lights
are off. C, is discharged under this condition.

When S, is momentarily closed power is fed directly
to the relay coil, and the relay turns on. As the relay
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Fig. 7: Automatic delayed-turn-out headlight control system
for automobiles.
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Fig. 8. Manually-triggered delayed-turn-off head- or spot-light
control system for automobiles.
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turns on contacts RLA/ 2 close and apply power to the
vehicle lights and contacts RLA/1 close and apply
power to the timer circuit, but pin 2 of the IC is briefly
tied to ground via C, and R; at this moment, so a
negative trigger pulse is immediately fed to pin 2 and a
timing cycle is initiated. Consequently, pin 3 of the 555
switches high at the moment that the relay contacts
close, and thus locks the relay into the ON condition
irrespective of the subsequent state of START switch
S,, so the lights remain on for the duration of the 50
second timing cycle. At the end of the timing cycle pin
3 of the |.C. switches to the low state, so the relay turns
off and contacts RLA/1 and RLA/2 open, disconnect-
ing power from the timing circuit and the lights. The
operating sequence is then complete.

PORCH LIGHT

Finally, to conclude this ‘Timer Circuits’ section of the
555 story, Fig 9 shows the circuit of a relay-output
automatic porch light control unit that turns the porch
lights on for a pre-set 50 second period only when
suitably triggered at night time or under ‘dark’
conditions: The circuit is triggered via switch S,, which
‘may take the form of a microswitch activated by a porch
gate or a pressure-pad switch activated by body weight
and concealed under a porch mat or rug.

The operation of the Fig 9 circuit relies on the fact
that for correct timer operation the negative-going
trigger pulse that is fed to pin 2 of the IC must fall
below the internally-controlled "1/3 V..’ voltage value
of the 555. If the trigger pulse does not fall below this
value, timing cycles can not be initiated by the trigger
signal.

minimum ‘dark” level at which the circuit will trigger.
Note that the trigger signal is fed to pin 2 of the IC via
the C,-R; combination, which act as a trigger signal
conditioning network that effectively isolates the d.c.
component of the LDR-R, potential divider from the
trigger pin of the IC.

MONOSTABLE PULSE GENERATOR CIRCUITS

All the 555 timer circuits that we have looked at so far
act essentially as monostable multivibrators or pulse
generators. The 555 can be used as a conventional
electronically-triggered monostable multivibrator or
pulse generator by feeding suitable trigger signals to pin
2 and taking the pulse output signals from pin 3. The IC
can be used to generate good output pulses with periods
from 5uS to several hundred seconds. The maximum
usable pulse repitition frequency is approximately
100kHz.

The trigger signal reaching pin 2 must be a carefully
shaped negative-going pulse. lts amplitude must switch
from an OFF value greater than 2/3 V_ to an ON value
less than 1/3 V. (triggering actually occurs as pin 2
drops through the 1/3 V. value). The pulse must have
a width greater than 100nS but less than that of the
desired output pulse, so that the trigger pulse is
removed by the time the monostable period terminates.

One way of determining a suitable trigger signal for
the 555 monostable circuit is to convert the input signal
to a good square wave that switches between ground
volts and the full positive supply rail voltage, and then
couple this square wave to pin 2 of the IC via a simple
short time-constant C-R differentiating network, which
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Fig. 9: Automatic porch light turns on for a pre-set period only
when triggered at night.

In this design, light-dependent resistor LDR and pre-
set resistor R, are wired in series as a light-dependent
potential divider. One side of switch S, is taken to the
output of this potential divider, and the other side of the
switch is taken to pin 2 of the IC via the C,-R,
combination. Under bright or daylight conditions the
LDR acts as a low resistance, so a high voltage appears
at the output of the potential divider. Consequently, the
act of closing S, causes a voltage pulse much higher
than *1/3 V.. to be fed to pin 2 of the chip, so the timer
is not triggered via S, under the ‘daylight’ condition.

Conversely, the LDR acts as a high resistance under
dark or ‘night’ conditions, so a low voltage appears at
the output of the potential divider. Consequently, the
act of closing S, causes a voltage pulse much lower
than "1/3 V' to be fed to pin 2 of the IC, so.the time
circuit is triggered via S, under the 'night’ condition.

In practice, the LDR can be any cadmium-sulphide
photocell that presents a resistance in the range 1kQ) to
100kQ) under the required minimum ‘dark’ turn-on
condition, and R, can be adjusted to preset the
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Fig. 10a: Simple add-on pulse generator is triggered by
rectangular input signals: circuit can be used at trigger

frequencies up to 100kHz.

wave into suitable trigger pulses. Fig. 10a shows a
practical circuit that uses this basic principle, but is
intended for use only with input signals that are already
of square or pulse form.

Here, transistor Q, converts the rectangular input
signal into a signal that switches between the ground
and positive voltage rails, and the resuiting signal is fed
to pin 2 via the C,-R, differentiating network. The
circuit can be used as an add-on pulse generator in
conjunction with an existing square or puise generator.
Variable-amplitude output pulses are available from pin
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3 via variable potential divider R6. The output pulse
widths can be varied over more than a decade range via
R;. and can be switched in overlapping decade ranges
by using the values of C1 listed in the table. With the
component values shown the pulse width is fully
variable from 9 uS to 1.2 seconds. Note that C3 is used
to decouple the pin 5 CONTROL VOLTAGE terminal
and improve the circuit stability.

Fig 10b shows how the above circuit can be
modified so that it can be driven from any type of input
waveform, including sine waves. Here, IC1 s
connected as a simple Schmitt trigger, which converts
all input signals into rectangular output signals, and
these rectangular signals are used to drive the 1C2
monostable circuit in the same way as described above.
The Fig 10b circuit can thus be used as an add-on pulse
generator in conjunction with an existing waveform
generator of any type that produces output signals with
peak-to-peak amplitudes greater than 1/2 V.
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ng. 10b: Improved add-on pulse generator is triggered by any
input waveform.

Fig 11 shows how two basic monostable puilse
generators can be connected in series to make a
delayed pulse generator, in which IC1 is used as a

Schmitt trigger and 1C2 controls the delay width and

[IC3 determines the output pulse width: The final output
pulse appears some delayed time after the initial
application of the trigger signat. This circuit can be
made into a self-contained instrument by building it into
the same cabinet as a simple square wave generator,
which can be used to provide the necessary drive
signals.
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Fig. 12: 3-stage sequential timer M
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first applied to the circuit, to ensure that none of the ICs
are falsely triggered at this moment.

Finally, three or more monostable circuits can be
connected, via C9, in a continuous loop, with the
output of the last monostable feeding back to the input
of the first monostable, to form a ‘chaser’ circuit in
which the sequential action repeats to infinity. This type
of circuit can be used to drive lamp or LED displays, etc.
Note that the circuit is again provided with the S, SET
facility, so that the circuit can be emptied at the
moment that power is first applied.

ASTABLE MULTIVIBRATOR CIRCUITS
Fig 13 shows the practical circuit of a basic 1kHz astable
multivibrator, together with the formulas that define the
timing of the circuit. Note that TRIGGER pin 2 of the
chip is shorted to the pin 6 THRESHOLD terminal, and
that timing resistor R2 is wired between pin 6 and
DISCHARGE pin 7.

When power is first applied to the circuit C1 starts to

T e
Pl

-ng. 11: Add-on delayed pulse generator is triggered by any
input waveform. For C1 (and C7) values, see table in Fig. 10a.
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Fig. 13: Basic circuit of 1KHz astable multivibrator, with
timing formulas.

Any number of basic monostable pulse generators
can be wired in series to give a sequential form of
operation. Fig 12 for example, shows the circuit and
wave-forms of a 3-stage sequential generator, which
can be used to operate lamps or relays, etc., in a
pre-programmed time sequence once an initial START
command is given via push-button switch S,. Note that
the pin 4 RESET terminal of all ICs are shorted together
and positively biased via R7, and that these terminals
can be shorted to ground via SET switch S2: This SET
switch should be closed at the moment that power is
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charge exponentially (in the normal monostable fashion)
via the series R1-R2 combination, until eventually the
C1 voltage rises to 2/3 V. At this point the basic
monostable action terminates and DISCHARGE pin 7
switches to the low state. C1 then starts to discharge
exponentially into pin 7 via R,, until eventually the C1
voltage falls to 1/3 V., and TRIGGER pin 2 is
activated. At this point a new monostable timing
sequence is initiated, and C1 starts to recharge towards
2/3 V. via R1 and R2. The whole sequence then
repeats add infinitum, with C1 alternately charging
towards 2/3 V., via R1-R2 and discharging towards
1/3 V., via R2 only.

Note in the above circuit that, if R2 is very large
relative to R1, the operating frequency of the circuit is
determined essentially by the R2 and C1 values, and
that a virtually symmetrical output waveform is
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generated. The graph of Fig 14 shows the approximate
relationship between frequency and the C1-R2 values
under the above condition. In practice, the R1 and R2
values of the circuit can be varied from 1kQ) up to tens
of megohms. Note, however, that R1 has a significant

100

10K

1K

%

ke

Q

2

&

S ol

g . o % &

< -, ) 2 2,

o A % &

S .ot \

001 : i | b .
01 1 10 100 1 10 100
Hz Hz Hz Hz kHz kHz kHz

ASTABLE FREQUENCY
Fig. 14: Approximate relationship between C1, R2, and
frequency when R2 s large relative to R1.

effect on the total current consumption of the circuit,
since pin 7 of the IC is virtually grounded during half of
the timing sequence. Also note that the duty cycle or
mark/space ratio of the circuit can be pre-set at a
non-symmetrical value, if required, by suitable choice
of the R1 and R2 values.

The basic circuit of Fig 13 can be usefully modified
in a number of ways. Fig 15, for example, shows how it
can be made into a variable-frequency square wave
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Fig. 15: Variable frequéncy sq?:are wave generator covers the

so that its MARK and SPACE periods are independently
variable over the approximate range 7.5uS to 750uS.
Here, timing capacitor C1 alternately charges via
R1-R2-D1 and discharges via R3-R4-D2.

Fig 17 shows how the circuit can be additionally
modified so that it acts as fixed-frequency square wave
generator with a mark/ space ratio or duty cycle that is
fully variable from 1% to 99%. Here, C1 alternately
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Fig. 17: Astable multi with duty cycle variable from 1 fo 99%
with frequency approximately constant at 1.2kHz.

charges via R1 and the top half of R2 and via D1, and
discharges via D2-R3 and the lower half of R2. Note
that the sum of the two timing periods is virtually
constant, so the operating frequency is almost
independent of the setting of R2.

GATING A 555 ASTABLE
The 555 astable circuit can be gated ON or OFF, via
either a switch or an electronic signal, in a variety of
ways. Figs 18 and 19 show two basic ways of gating
the IC via a switch. '

In Fig 18 the circuit is gated via the pin 4 RESET
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Fig. 18: Gated 1kHMZ astable with ‘press to turn-off’ or ‘press
to turn-on’ operation.

range 650Hz-7.2kHz approximately.

generator by replacing R2 with a fixed and variable
resistor in series. With the component values shown the

frequency can be varied over the approximate range
650Hz-7.2kHz via R2.
Fig 16 shows how the circuit can be further modified
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Fig. 16: Astable multi with mark and space periods
independently variable over the approximate range 7.5us to

750us.
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terminal. The characteristic of this terminal is such that,
if the terminal is biased significantly above a nominal
value of 0.7 voits, the astable is enabled, but if the
terminal is biased below 0.7 volts by a current greater
than O0.1mA (by taking the terminal to ground via a
resistance less than 7k{), for example) the astable is
disabled and its output is grounded. Thus, the Fig 18
circuit is normally on but can be turned off by closing
S1 and shorting pin 4 to ground, while the circuit
shown in dotted lines is normally gated off via R, but
can be turned on by closing S, and shorting pin 4 to the
positive supply rail. These circuits can alternatively be
gated by applying suitable electronic signals directly to
pin 4.

The Fig 19a and 19b circuits are gated via the pin 2
TRIGGER and pin 6 THRESHOLD terminais. The
characteristic here is such that the circuit functions as a
normal astable only as long as pin 6 is free to swing up
to 2/3 V., and pin 2 is not biased below 1/3 V. It
these pins are simultaneously driven below 1/3 V,, the
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Fig. 19A: Alternative gated 1kHz astable with ‘press to
turn-off’ operation.

astable action is immediately terminated and-the output
is driven to the high state. Thus, the Fig 19a circuit is
normally on but turns off when S1 is closed. Note that
an electronic signal can be used to gate the circuit by

connecting a diode as indicated and eliminating S,. In

this case the circuit will gate off when the input signal
voltage is reduced below 1/3 V.

The Fig 19b circuit is connected so that it is normally
gated off by saturated transistor Q1, but can be gated
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Fig. 19B: Alternative gated 1kHz astable with ‘press ta
turn-off’ operation.

on by closing S1 and thus turning the transistor off.
This circuit can be gated electronically by eliminating
R5 and S1 and applying a gating signal to the base of
Q1 via a 10k(Q) limiting resistor. In this case the astable
turns off when the input signal is high, and turns on
when the input signal is reduced below 0.7 volts or so.

All the 555 astable circuits that we have looked at
can be subjected to frequency modulation (FM) or
pulse-position modulation (PPM) by simply feeding a
suitable modulation signal to pin 5. This modulation
signal can take the form of an A.C. signal that is fed to
pin 5 via a blocking capacitor, as in the case of Fig 20a

ora D.C. signal that is fed directly to pin 5, asin the case .

of Fig 20b. The action of the chip is such that the
voltage on pin 5 influences the width of the 'mark’
pulses in each timing cycle, but has no influence on the
‘'space’ pulses. Thus, since the signal on pin 5
influences the position of each ‘'mark’ pulse in each
timing cycle, this terminal provides pulse-position
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Fig. 20: Alternative ways of obtaining frequency or
pulse-position modulation (FM or PPM]) from the 555 astable
circurt. P
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modulation (PPM), and, since the signal influences the
total period of each cycle (and thus the frequency of the
output signal), the terminal aiso provides frequency
modulation (FM). These facilities are useful in special

-‘waveform generator applications, as is shown in the

next section.

MISCELLANEQUS ASTABLE APPLICATIONS

The 555 astable multivibrator has three outstanding
advantages over other types of astable circuit. First, its
frequency can be varied over a wide range via a single
Second, its output has a low
impedance and can source or sink current up to
200mA. Finally, its operating frequency can readily be
modulated by applying a suitable signal to pin 5 of the
IC. These features make the device exceptionally
versatile, and it can be used in a vast range of practical
applications of interest to both the amateur and
professional user.

MORSE PRACTICE OSCILLATOR
Fig 21 shows how the 555 timer |.C. can be used as a
morse-code practice oscillator. The circuit acts as a
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Fig. 21: Code-practice oscillator with variable tone
(300Hz..3kHz) and variable volume.

normal astable, with frequency variable over the
approximate range 300Hz — 3kHz via TONE control
R3. The ‘phone volume is variable via R5, and the
‘phones can have any impedance from a few ohms up
to megohms. The circuit draws zero quiescent current,
since the normally-open morse key is used to connect
the circuit to the positive supply rail, which can have
any value in the range 5 volts to 15 volts.

Fig 22 shows how the 555 astable circuit can be
used in LED flasher applications. This circuit operates at
approximately 1 Hz, and has a single LED. The Fig 22
circuit has a single LED output; the dotted section
shows how a second may be added, such that one LED"
is on while the other is off, and vice versa. Any types of
LED’s can be used in this circuit. Series resistors R, or
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Fig. 22: Single and dual output led flashers give symetrical THz
outputs.
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R, determines the ON current of each LED.

Fig 23 shows how the Fig 22 circuit can be modified
to give automatic dark-activated operation. Here, R4
and R5 are wired as a fixed potential divider that sets
1/2 V. on the emitter of Q1, LDR and R7 are wired as
a light-sensitive potential divider that applies a variable
voltage to the base of Q1, and the collector of Q1 is
taken to RESET pin 4 of the IC, which is normally
biased to ground via R6.

5V to 15V +ve

S 4R
Q)LDR ::‘ %

4

*
1

A
|
facaiay oV
§ e =
' 11)8
p i LRSI G
L=

> R1
> 10k

E T e

Q
2N37

H i —d p—&r2
| ! 555 1~ = 75k
(o —C] TIMER {3
s 8/
%83
v 2 2 a0m
. < HE P
/;{\5& EE PE :E 1.2% INOMINAL) l = ?r‘)ur
» c2
Yy - 0luF
T ‘Leo
=
= ov

Fig. 23: Automatic (dark-activated) flasher.

In use R7 is adjusted so that the voltage to the base
of Q1 is greater than 1/2 V. under ‘daylight’
conditions, so Q1 is cut off, but under ‘dark’ conditions
Q1 base is biased below 1/2 V., so it is driven on.
thus, under daylight conditions Q1 is cut off, so the
555 astable is disabled, with its output driven low, by
4.7k resistor R6 which is wired between pin 4 and
ground. Under ‘dark’ conditions, on the other hand, Q1
is biased on, so pin 4 is positively biased, and the
astable operates normally and activates the LED.

The LDR used in the above circuit can be any
cadmium-sulphide photocell that presents a resistance
in the approximate range 470Q to 10kQ under the
minimum ‘dark’ turn-on condition.

The dotted section shows how the 555 astable
circuit can be used as a 12 volt relay pulser, which
turns the relay on and off at a rate of one cycle per
second. The relay can be any type with a coil resistance
greater than 60Q).

ALARM GENERATOR

Fig 24 shows the connections for making an 800Hz
monotone alarm-call generator. The circuit can be used
with any supply in the range 5 to 15 volts, and with any
speaker impedance. Note, however, that R, must be
wired in series with speakers having impedance less
than 756(), and must be chosen to give a total series
impedance of at least 75(), to keep the peak speaker
currents within the 200mA driving constraints of the
555. The available alarm output power of the circuit
depends on the speaker impedance and supply voltage
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Fig. 24 a, b, ¢, d: Monotone alarm activated by dark (2), light
(b), under-temperature (c), or over-temperature (d).
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Fig. 24: 800Hz Monotone alarm call generator.

used, but may be as great as 750mW when a 75()
speaker is used with a 15 volt supply.

The above circuit can be modified so that it is
activated by darkness (a), by brightness (b), by an
under-temperature (c), or by an over-temperature (d).
Pin 4 is disconnected from the + Ve supply, and
connected to the triggering circuit, which is designed
around Q1. This works in the same way as already
described for the automatic (dark-activated) LED
flasher. The LDR used in the light-activated versions of
this circuit can be any cadmium-suiphide photocells
that present resistances in the approximate range 470()
to 10kQ) at the desired turn-on levels. The thermistors
used in the temperature-activated versions of the circuit
can be any negative-termperature-coefficient types that
present resistances in the same range at the required
turn-on temperatures.

ALARMS AND SIRENS

The next 4 diagrams show a variety of useful alarm-call
generator circuits. The Fig 25 circuit generates an
800Hz pulsed tone alarm call. Here, IC1 is wired as an
800Hz alarm generator, and IC2 is wired as a 1Hz
astable which gates IC1 on and off via D1 once every
second, thus causing a pulsed-tone output signal to be
generated.
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Fig. 25: Pulsed-tone (800Hz) alarm call generator.
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The Fig 26 circuit generates a warble-tone alarm
signal that simulates the sound of a British police siren.
Here, IC1 is again wired as an alarm generator and IC2
" is wired as a 1Hz astable multivibrator, but in this case
the output of IC2 is used to frequency modulate IC1 via
R5. The action is such that the output frequency of IC1
alternates symmetrically between 500Hz and 440Hz,
taking one second to complete each alternating cycle.
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Fig. 26: Warble-tone alarm-call generator simulates British
police siren.

The circuit of Fig 27 generates a ‘wailing’ alarm that
simulates the sound of an American police siren. Here,
IC2 is wired as a low frequency astable that has a
cycling period of about 6 seconds. The slowly varying
‘ramp waveform on C, of this chip is fed to pnp emitter
follower Q1., and is then used to frequency modulate
alarm generator IC1 via R6. IC1 has a natural centre
frequency of about 800Hz. The circuit action is such
that the alarm output signal starts at a low frequency,
rises for 3 seconds to a high frequency, then falls over 3
seconds to a low frequency again, and so on add
infinitum.
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fig 27: 'Wailing " alarm simulates American police siren.

Finally, to complete this quartet of alarm generator
circuits, the Fig 28 circuit generates a siren alarm signal
that is a simulation of the ‘Red Atlert’ alarm used in the
STAR TREK T.V. programme: This signal starts at a low
frequency, rises for about 1.15 seconds to a high
frequency, ceases for about 0.35 seconds, then starts
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Fig. 28 ‘Red alert’ siren alarm simulates Star Trek alarm
signal.

ELECTRONICS TODAY INTERNATIONAL~-SANUARY 1977

rising again from a low frequency, and so on add
infinitum. The circuit action is as follows:

IC, is wired as a non-symmetrical astable
multivibrator, in which C1 alternately charges via R1
and D1, and discharges via R2, thus giving a rapidly
rising and slowly falling ‘sawtooth’ waveform across
C1. This waveform is fed to pnp emitter follower Q1,
and is thence used to frequency modulate pin 5 of IC1
via R6. Now, the frequency modulation action of pin 5
of the IC1 astable circuit is such that a rising voitage on
pin 5 causes the astable frequency to fall, and vice
versa; consequently the sawtooth modulation signal on
pin 5 causes the astable frequency to rise slowly during
the falling part of the sawtooth and collapse rapidly
during the rising part of the sawtooth. The rectangular
pin 3 output of IC, is used to gate IC1 off via npn
common emitter amplifier Q2 during the collapsing part
of the signal, so only the rising parts of the alarm signal
are in fact heard, as in the case of the genuine STAR
TREK 'Red Atert’.

MISCELLANEOUS APPLICATIONS

To complete the 555 story, this final section shows a
miscellany of 555 applications, of varying degrees of
usefulness. Fig 29 shows how a single 555 can be used
as the basis of an event-failure alarm or a missing-pulse
detector, which closes a relay or illuminates an LED if a
normally recurrent event fails to take place.
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Fig. 29: Event-failure alarm or missing-pulse detector has relay
or LED output.

The operating theory of the circuit is fairly simple.
The 555 is wired as a normal monostable pulse
generator, except that transistor Q1 is wired across
timing capacitor C1 and has its base taken to TRIGGER
pin 2 of the IC via R3: The TRIGGER pin is fed with a
train of pulse- or switch-derived clock input signals from
the monitored event, and the values of R1 and C1 are
selected so that the monostable period of the IC is
slightly longer than the repetition period of the clock
input signal.

Thus, each time a clock pulse arrives, a monostable
timing period is initiated via pin 2 of the IC, and C1 is
discharged and the pin 3 output is driven high via
transistor Q1. Before each monostable period can
terminate, a new clock pulse arrives, and a new
monostable period is initiated, so the pin 3 output
terminal remains high so long as clock input puises
continue to arrive within the prescribed period limits.
Should a clock pulse be missed, or the clock period
exceed the pre-determined limits, however, the
monostable period will be able to terminate normally,
and pin 3 of the IC will go low and drive the relay or
LED on. The circuit thus functions effectively as an
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event-failure alarm or missing-pulse detector. With the
component values shown, the monostable has a natural
period of about 30 seconds. This period can be varied
via R1 and C4 to satisfy specific requirements.

Fig 30 shows how a couple of 555s can be used to
make a pulse-width modulation (PWM) circuit. This
circuit can be used for transmitting coded messages, or
for applying variable power to a foad at maximum
efficiency.

Here, IC1 is wired as a 1kHz astable multivibrator,
which is used to feed a continuous train of clock pulses
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Fig. 30: Pulse-width modulation (PWM) circuit.

to the pin 2 TRIGGER terminal of IC2, which is wired as
a normal monostable multivibrator or pulse generator
and has a natural monostable period of approximately
0.36mS. The external modulation signal is fed to the
pin 5 CONTROL VOLTAGE terminal of the monostable
via C4, and determines the instantaneous widths of the
generated pulses. Thus, the circuit generates a train of
pulse-width modulated (PWM) pulses at a fixed
repitition frequency of 1kHz.

SGOPE TIMEBASE

Fig 31 shows how a basic 555 monostable
multivibrator can be modified so that it generates a
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Fig. 31: Triggered linear-ramp generator can be used as the
basis of an oscilloscope timebase.

linear ramp waveform of fixed duration each time it is
triggered: This circuit can form the basis of an excellent
oscilloscope time-base generator. The circuit works just
like a normal monostable circuit, except that timing
.capacitor C1 is charged via constant-current generator
Q1 during each timing cycle, thus causing a linear ramp
voltage to be generated across Ct.

When a capacitor is charged via a constant-current
generator, the voltage across the capacitor rises linearly
at a predictable rate that is determined by the
magnitudes of the charging current and the capaci-
tance. The relationship can be expressed as:

Volts-per-second= 1/C, when ! is expressed in Amps
and C is expressed in Farads.

In this circuit the charging current can be varied over
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the approximate range 90uA to tmA via R,, thus
giving rates of rise on the .01 uF capacitor of 9V-per-mS
to 100V-per-mS. Now, remembering that each
monostable period of the 555 circuit terminates at the
point when C1 voltage reaches 2/3 V_, and assuming
that a 9V supply is used (giving a 2/3 V_ value of 6V),
it can be seen that the monostable cycles of the Fig 32
circuit have periods variable from 666uS to 60uS.
Periods can be increased beyond these values by
increasing the C1 value, or vice versa. Note when using
this circuit that its supply rail must be stabilised if stable
timing periods are to be obtained.

I the circuit of Fig 31 is to be used as the basis of an
oscilloscope timebase, note that the input driving signal
must first be converted to a good square wave, from
which suitable trigger pulses can be derived via C3 and
R5. The minimum useful ramp period that can be
obtained from the circuit is about 5uS, which, when
expanded to give full deflection on a ten-division "scope
screen, gives a maximum timebase speed of
0.5uS-per-division. Flyback beam-suppression signals
can be derived from the pin 3 OUTPUT terminal of the
iC. ,

The "timebase’ circuit gives superb signal synchro-
nisation at trigger frequencies up to about 150kHz. If
the timebase is to be used with input signal frequencies
greater than this, the input signals should be divided
down via a single- or muiti-decade digital divider. Using
this technique, the timebase can be used to view input
signals up to many MHz.

Fig 32 shows how a 555 can be connected for use
as a simple but effective Schmitt trigger or
Sine/Square converter. The circuit acts as a good
converter at input frequencies up to 1 50kHz or more. It
works by changing its output state each time the pin 2
input signal swings from above the 2/3 V_ level to
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Fig. 32: 555 Schmitt trigger circuit acts as excellent
sine/ square converter up to about 150kHz.

below the 1/3 V. level, or vice versa. Resistor R3 is
wired in series with pin 2 of the chip to ensure that the -
input signal is not adversely influenced by the transition
action of the IC.

Fig 33 shows how the basic Schmitt circuit can be
adapted to a dark-activated relay driving application by
wiring light-dependent potential divider R1-LDR to the
pin 2 input terminal of the IC. This circuit has an
inherently high degree of input backlash, and is likely to
be of value in only very specialised applications.

A far more useful relay-driving switching circuit is
shown in Fig 35. This circuit has negligible input
backiash, and can be used as either a light- or
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Fig. 33: Dark-activated relay switch has built-in backlash.

temperature-activated switch. In light-activated appli-
cations R1 is wired in series with a cadmium-sulphide
photocell that presents a resistance in the approximate
range 470Q) to 10k() at the required turn-on level.
Dark-activated operation can be obtained by using the
connections shown in Fig 34a or light-activated
operation can be obtained by using the connections
shown in Fig 34b.
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Fig. 34: Minimum-backlash relay switch can be activated by
dark (aj, light (b), under-temperature (c), or over-temperature
fd).

For temperature-activated operation, R1 must be
wired in series with a negative-temperature-coefficient
thermistor. This thermistor must present a resistance in
the range 470Q) to 10kQ) at the required turn-on level.
Under-temperature operation can be obtained by using
the connections shown in Fig 34c, or over-temperature
operation can be obtained by using the connections
shown in Fig 34d.

1kHz ANALOGUE FREQUENCY METER

This circuit needs a square-wave input driving signal
with a peak-to-peak amplitude of 2 voits or greater. In
this circuit the 555 is wired as a standard monostable
multivibrator or pulse generator, and is powered from a
regulated 6V supply. Transistor Q1 is used to amplify
the square wave input signals to a level suitable for
triggering the monostable stage, and the output of the
monostable is fed to 1TmA fsd meter M1 via multiplier
resistor RS and offset-cancelling diode D1. This meter
gives a reading that is directly proportional to the
frequency of the square wave input signals, and its
operating theory is as follows:

Each time the monostable multivibrator is triggered

it generates a pulse of fixed duration and fixed:

amplitude. If we assume that each generated pulse has
a peak amplitude of 10V and a period of 1mS, and that
the pulse generator is triggered at an input frequency of
500Hz, it can be seen that the pulse is high (at 10V) for
500mS in each 1000mS (one second) total period, and
that the MEAN value of output voltage measured over
this total period is 260mS/1000mS x 10V = 5V, or
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50% of 10V. Similarly, if the input frequency is 250Hz
the pulse is high for 250mS in each 1000mS total
period, so the mean output voltage equals
250mS/1000mS x 10V= 2.5V, or 25% of 10V.
Thus, the mean value of output voltage of the pulse
generator, measured over a reasonable total number of
puises, is directly proportional to the repitition
frequency of the generator.

Normal moving coil meters are ‘mean’ reading
instruments, and in the Fig 35 circuit a TmA f.s.d.
moving coil meter is wired in series with voltage
multiptier resistor R5, which sets the meter sensitivity
at about 3.4V fsd, and is connected so that it reads the
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Fig. 35: Simple 1kHz linear-scale analogue frequency meter.

mean output voltage of the pulse generator. This meter
thus gives a reading that is directly proportional to
frequency, and the circuit thus acts as a linear-scale
analogue frequency meter. With the component values
shown the circuit is intended to read fsd at 1kHz. To set
up the circuit initially, simply feed a 1kHz square wave
signal to its input, and then adjust R2 (which controls
the pulse lengths) to give full-scale reading on the
meter; all adjustments are then complete.

The full-scale frequency of the above circuit can be
varied from about 100Hz to about 100kHz by suitable
choice of C1 value. The circuit can be used to read
fr_equencies up to tens of MHz by feeding the input
signals to the monostable circuit via a single- or
multi-decade digital divider, thereby reducing the input
frequencies to values that can be read by the
monostable circuit. The circuit can form the basis of an
excellent and inexpensive multi-range linear-scale
analogue frequency meter. ®

“Do you think we should bring in the
generating boys before we hit the market
with these.”
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What to look for in the February issve:

PRODUCE A CIRCUIT which
feeds a modulated 100kHz signal
into a coil of about six inches
diameter. Lay another coil of
similar diameter next to, and
slightly overlapping that coil so
there is virtually no inductive
pick-up. Amplify greatly the small
signal that is picked up but gate it
so that an audio amplifier will just
not produce an output.

When the coils are brought near

LOCATOR

metal the electro-magnetic fields
are disturbed and an output is
produced. That's the theory
behind our induction balance
metal locator which will be
described in next month’s issue.
We don’t pretend it’s easy to build
(though the electronics present
few problems) but our prototype
will sniff out a 2p coin at a foot —
and that’s very much better than
any design published up until now!

international y

On Sale January 7th

'Scope Test
your Gar

A HIGH PROPORTION of ETI
readers have cars and a lot of those
will have a 'scope. This article acts
as a marriage broker and shows
how the workshop type ’scope can
be hooked up to your car and tells
you how to analyse the waveforms
to spot faults.

YAMAHA B-1
AMPLIFIER

N coniosrs s o ittt 1

GComputers

MINICOMPUTERS continue
to fall in price and increase in
performance. Once the
exclusive companion of the
large corporation, computers
are now finding their way
into smaller and smaller
companies, reducing drud-
gery and improving effi-
ciency (when properly used).
The day will soon be with us
when any company big
enough to have a telephone
switchboard will boast its
own computer.
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WE DON'T REVIEW too many
amplifiers in ETI, but when a really
interesting, revolutionary design
comes along we know you want to
hear about it. The Yamaha Bl
Vertical FET Power Amplifier
comes into this category. It gives
over 200W with a performance
that stretches your measuring
equipment to the limit. We also
explain the principle of operation
in detail.

for small
Businesses o

SHORT CIRCUITS

WE CONTINUE our series which
began in this issue with another
three Short Circuits:

1. Test-bench Amplifier. Useful
by itself but ours has been modi-
fied simply to act as an audio
millivoltmeter as well.

2. LED Dice Unit. An electronic
dice using only two ICs and six
inexpensive LED’s.

3. Two Tone Doorbell. Another
straightforward project for the
home — this time using a 555.

DISCO MIXER

i A

This article describes a general
purpose mixer which can be
tailored by the reader to meet a
specific  application.  Prefade
‘listen’ is included as a facility and
allowance is even made for
balanced inputs.

The articles described here are.in an
advanced state of preparation but circum-
stances may necessitate changes in the
issue that appears.
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SCIENCE PROVIDES US WITH
knowledge about existence. It is based
on a procedure of collecting facts which
are placed into apparently logical
groupings in order to lead to stage two
of scientific method — the realisation of
one or more hypotheses. Man's imagin-
ative powers then enable ideas about
these facts to be “tried out” in the
mind. (The mind creates what are called
‘models’). After a brain-storming session
some ideas emerge about the collected
facts. These are likely contenders of
generalised models that will describe
many seemingly different ideas by one
unified concept. Figure 1 depicts this
process.

Having hit upon an hypothesis it is
then tested by performing experiments
upon it to see if more examples that
would appear to also be correct are
indeed allowed for. The hypothesis, as

long as it is found satisfactory, is then.

held as current and applicable until a
new case emerges that is not described
adequately enough by it. The scientific
process is then begun again to find a
new hypothesis that is better than the
earlier one.

Old hypotheses are not necessarily
useless. They find their use in limited
cases. We are quite satisfied in every-
day life to regard mass as a constant
entity but on some special occasions,
in the design of some cathode ray
devices for example, mass must be
considered as being convertable to
energy. Einstein’s work predicted that
conversion process.

New hypotheses produce new ideas
for technology to take up and apply.
Once it was known that the atom was
divisible, scientists sought to split it
further.

This brings us to the role of tech-
nology in the development of ideas.
Technology and engineering is the broad
discipline that devises machines and
structures that do not exist as such in
nature but using resources that are

available naturally — see Fig. 2.
Machines provide us with power con-
version, with mechanisms and with

measuring and information tools.

Vy Teter Sydenlraans

2. THINK

3. OBSERVATION

Fig. 1. Diagram showing
stages of the scientific
method. Science produces

i knowledge.
COLLECT FACTS I FORM HYPOTHESIS i TEST HYPOTHESIS
! !
{MANY BUTTERFLIES OF I(BlG SPOTTED AND LITTLE | {EXPERIMENT BREEDS
CERTAIN CHARACTERISTICS! SPOTTED BUTTERFLIES BREED MIXED SPOTS, THEREFORE
TO PANDUCE MIXED SPOTS) HYPOTHESIS CORRECT.)
Technology is a sister requirement of  allergies) would be received. Organ

scientific pursuit — inseparable partners
in progress, each affecting the other’s
progress at varying degrees with time.
Figure 3 shows an example of this
interaction.

One often-seen mis-statement is that
scientists build the so-called scientific
machines. "“Scientists put a package on
Mars is the greatest scientific achieve-
ment yet made by man’. If it had been
a faiture then it would have been due to
engineering failure! The Mars’ probe is
rather the greatest technological
achievement.

It is important to see how much
technology compared with how much
science goes into a manufactured
product for this helps us predict when
new ideas will come into practical use.

There is, however, another aspect to
technology. Many lifestyle changing
ideas do not occur as the result of
applying science in a systematic manner.
In fact many valuable chines and
ideas arrive by way of an unknown,
often poorly trained, inventor who
applies an uncommonly good amount of
common-sense to solving an immediate
problem.

But society itself is also a strong
influence on the application of new
ideas. Somehow a new idea appears out
of place. We now accept spectacles as
normal technology, but think how a
person wearing a filtering false nose
(a possibility for reducing hay-fever
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transplants were, and still are to some
extent, opposed. Test-tube babies are
currently controversial.

Many probiems of society could be
solved more speedily if we were pre-
pared to accept change and make what
appears at the time to be sacrifice more
readily. We have seen over the past two
years a strong swing toward the smaller
car. Air travel is now cheaper than by
sea — the reverse of a decade ago. A
trans-world telephone call now gives
more message content than a telegram
for the same price.

This introduction and the previous
part of this study sets the scene for
what | see could be some aspects of
future living. | possess no crystal ball: |
claim no extra sensory perception
ability, nor do | have a pact with the
maker or devil! What is given now is
composed from studying the past trends
and extending them into the future, this
being sprinkled with some personal
ideas of myself and others.

GETTING ABOUT IN THE FUTURE

Although there have been instances
in history where knowledge of man has
been lost by chance or by political
decree (the 1930's burning of the
books in Germany) — technological
change has continued to advance in
all civilisations (albeit sometimes ex-
tremely slowly). It is most unlikely
that the “alternative” communes we
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Electronics 2000
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Fig. 2 Technology produces new objects, using naturally available resources, for specific tasks.
(98 inch telescope at Royal Greenwich Observatory).

- including  built-in

see today will be how man will live
in future. 1t would need a global cat-
astrophe to destroy all technology so
thoroughly that the survivors would
have to live as cave men and reinvent
all inventions again.

Technology of long-distance trans-
portation — railways, ships and even
cars — requires great financial invest-
ment. Few people can afford a hand-
made car today — even mass-produced
ones are becoming harder to reach.
Thus, if big commercial business
survives into the 2000s, or the State
takes over, we can confidently expect
changes to slowly emerge in transport.
It takes about four to six years for a
current design railway and its rolling
stock to be built from conception. A
new technology such as airships (a
revival really), needs a decade and a
half once a serious commitment is
given to using it.
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Electric cars are constantly being
researched and developed — Fig. 4 —
but it has become vitally clear that two
areas of difficulty exist. The first is
that the lead-acid battery is not
adequate to power a car with perform-
ance that we have become accustomed
to. The best produced to date is not an
equal to the smallest family petrol car.
What is needed is much more effective
electrical storage arrangement. High-
temperature sodium-sulphur batteries,
as pictured in Fig.5, have been
developed to prototype stage, (see ET!
April  1975) but the manufacturers
suggest these cells will not be available
to car makers before 1980. Add a few
years more for design testing in practice

‘and we may have a better electric car

proposition by 1985. The second dif-
ficulty, however, may be a more serious
barrier to the widespread use of electric
vehicles. This is the general reluctance

to move on a downward trend of
performance, Petrol will still be avail-
able in the ‘90s so the choice will
probably move toward smaller, just as
well-performing. cars that stretch the
litre further.

Other likely developments are auto-
matically steered vehicles running on
specially modified highways. The cars
would be guided by control units
sensing guidance paths laid in the
surface. Collision prevention by short
distance dopplerradar and optimal
route selection using telemetry signals
gicked up by radio or from transmitters
also laid in the road (ETI, December
1974) can be implemented now that
research is in progress on these devices.
The capability needed,

redundancy to
improve reliability, is now available in
micro-processors that will soon be as
cheap as a good transistor radio. Social
influences, people’s suspicions and mis-
trust and overall cost are the constraints
on rapid developments in this area.

With the thirst for speed perhaps
settled to a resonable level the next
thrust will be safety and again, perhaps,
longevity of the vehicle. New ideas
obtain much publicity — but promotion
and worthwhileness of the product are
not always related attributes.

computing

Experimental Safety Vehicles, ESVs,
have reached advanced levels. Fig.7 is
Nissan's E2 model. Urathane bumpers
are now being used; other safety
features are gradually being introduced.
Perhaps vehicles adhering to the surface
will be displaced by slightly levitated
ground-effect machines like the hover-
craft. Again, experience has shown that
these are not the complete replacement
for ali ground transport systems. As yet
they are still noisy, power hungry and
not as responsive to directional control
as the wheel-borne car.

The electric tram is another develop-
ment that may come back again in a
new form. Melbourne, for example, has
a workable mass passenger transit
system that now gets people into and
out of the city generally faster than by
car — yet it was not so long ago that
the tram was regarded as archaic. Today
it is recognised that mass transportation
routes are better for concentrated city
mobilisation than a melee of cars.

Magnetically levitated vehicles
funning on relatively inexpensive tracks
were forecast to be capable of over
500 km/h speeds (see ET1 Oct. 1973).
Development of short test tracks and
vehicles continues put the pace of
development is slow to provide
economic alternatives to maintenance
and repair of existing systems. Figure 8
shows a Maglev vehicle around 1973
remember that prototypes are quicker
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to materialise than service vehicles. For
inter-city distances in big countries we
need a speed of about 500 km/h to
make jeurneys sufficiently shorter than
the current alternative of the car or
train. Airflight time is becoming limited
by cost and airport turnaround time —
door to door and with no connections
to make, a 1000 km distance takes
about three hours. Maglev inter-city
systems, however, now must de-
signed in light of a new social barrier
not obviously in existence five years
back — they need great quantities of
power to run at such high speeds.
Societal values no longer ignore such
demands on resources. Superconducting
Maglev systems (ET1 October 1973} will
require vast quantities of scarce helium
— this may limit their widespread
useage.

The bicycle is good for the heaith
but its slowness and effort requirements
do not suit most people who live far
from their workplace. A comptomise
between the bicycle and the car seems
how things shouid develop but social
constants, personal comfort and the
ability to carry passengers and loads
require a wide degree of flexibility for
the future personal transport vehicle.

Moving on to transport at sea we can
confidently expect to see automatic
ships navigating by electronic control.
Position sensing devices ({see ETI
March 1974, and September 1974} are
sufficiently developed for the task —
especially when the Omega navigational
net is complete across the globe. Com-
puter contro! is well capable of the
data processing needed and machinery
control is now extremely reliable and
well defined. Automation of ' ships,
however, would need global acceptance
of the concept and more faith in
machinery. Automatic fishing is aiso
a realisable goal — for we can now
detect where fish are in the sea.

|

4]

Fig.3 Science and technology go hand in hand helping each other
continuously. (Computer controlled engine-testing at Cranfield).

Ship-forms may shift to surface-
effect designs — plans were announced
in the US last year for design studies of
a 10000 tonnes naval cruiser that
could move at speeds double those of
today. Ship speeds are decided by
physical limitations arising because of
the wetted area surface drag and the
disturbance caused to the water
physically displaced by the ship’s
motion. Raising speeds above 10 knots
or so demands enormous increases in
fuel consumption. Solutions to this are
to go completely under like the sub-
marine for this also reduces the power
needed, or rise out of the water on skis
or the hover principle. One advantage of
the latter is that the swell and roll of sea
travel is greatly reduced. Hover ships
can run today at speeds of 80 knots but
problems with skirt sealing in rough
weather appears to be a major current
limit on usefulness on the open sea. The
history of naval architecture, however,

Fig.4. The electric car can bnly provide satisfactory transportation
for short land tasks.This is a pleasure version by ElecTraction.

shows that ships change in only minor
ways and at a slow pace.

Finally, in the air: what will happen
there? There was once a time — just a
few years ago — when air travel had
become the pinnacie of transport
comfort and speed. But today it fails to
provide a fast enough overall journey
time because of airport regulations of
arrival before departure time, clearance
at security barriers, checking of tickets,
settling of passengers and the like. [t
seems, as a rule of thumb, that the
actual flight time is about equal to the

s e 3 ‘oY +
Fig. 5 Na-S high temperature batteries can
store much more power for a given weight
than lead acid cells but they will not be
available for another five years or more.

ELECTRONICS TODAY INTERNATIONAL-JANUARY 1977

55



sundry time involved for short inter-
national flights. Plans were published.
in the early seventies of cabins (in which
people were assembled) ready to be
attached to the plane. In some countries
super highways link the remote airports
from the city centres. Somehow! these
plans did not provide the answer now
seen to be needed.

Supersonic transportation is finding
difficult acceptance, and it is just not
possible to state at present whether it is

good or bad with any degree of
certainty. Only time will tell; hy-
potheses need verification by
experiment.

The air ship is a strong contender
especially if a design needing less
helium were invented (certainly not one
based on hydrogen, for it is highly
inflammabie when oxygen is available).
The hot air balloon is thirsty for energy
due to huge heat losses from the balloon
surface — new materials and processes
may provide us with an insulated
enclosure of light enough structure for
these to become viable for long flights.

Several companies have been formed
to exploit commercial freight transport
by airships. The idea is appealing —
quiet, safe, speedy, not plagued with
terrain problems and capable of loads
equalling many semi-trailer cargoes put
together. Airships are an example of
past design hopes being reborn due to
better technological availability.

In the next part we will look at com-
munications and entertainment

developments of the future.
(To be continued . . .}

Fig.8. Maglev vehicles can provide great speeds but they will require
much more development and testing before they replace current
forms of railway.

\\ 9
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Fig.6. General Motors’ air cushion restraint system. These may the
answer to collision survival in the near future.

Fig.7. Nissan E2 type ESV incorporates ideas yet to be included in
production cars. Gradually changes to improve safety are being

incorporated.
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ETI READER OFFER

BLOB BOARD OFFER

Save over 30% on this new experimenter's product from P.B. Flecironics!

Blob Board is a superb new aid t¢
the home constructor, it allows
prototypes to be built quickly and
accurately, without the need to
work out complex component
patterns first.

Normally half the price of pre-
viously competitive boards, they
allow the user to go direct from
circuit diagram to completed board
in a matter of minutes and without
the use of messy chemicals. Com-
ponent layout can be drawn directly
onto the Blob Board, with a felt-tip
eliminating many of the errors
which can occur in transferring from
circuit diagram to ordinary PCBs.

Components can be re-used and
re-soldered making circuit prototype
modifications and amendments
both fast and easy. All Blob Boards
are roller-tinned to facilitate easy
and reliable soldering, and are
reusable. The boards in this months
offer have been chosen to make up
two packs -— one for the I|.C.
experimenter, and one for discrete
users. The.savings are at least 30%
on RRP — this on a price already
very low, for such a useful tool.

—I1.C. PACK

Gomprises one of each:
ZB1IG (for one 16-pin 1.C.
pad, total area 4'2 x 3in.)
ZB2IC (for two 16-pin L.G.
pads, total area 4% x

3Yain.)

ZB8IC (for eight 16-pin I.C.
pads, total area 92 x
7'%in.)

Regular Price: £2.66

OFFER PRICE:£1.79 inc

—DISCRETE PACK

Comprises one of each:
ZB1V (total area 5 Xx

2Y2in.)

ZB5D (total area 3% x
2%in.)

ZB8D (total area 9 x
7'%in))

Regular Price: £2.29

OFFER PRICE: £1.64 inc

T AN N TEEET S M CSSf S SSIraes SR M. Do M M CHIE) MEME MM S O NN S .

— T DT S D SN PR S S S XK S e TP S S g m—

Send to:

ETI BLOB BOARD OFFER

P.B. Electronics (Scotland) Ltd.,
57 High Street,

Saffron Walden,

Essex

CB10 1AA

Please supply me with . . . . .C. PACKS (at £1.79 each) and . . . .
DISCRETE PACKS (at £1.64 each). In addition | enclose 30p postage
irrespective of the number of packs ordered. | enclose my cheque/P.0.

forg..,..

Name .............. F EXEke = s o SEERE = g ~ e e B

Address ..........coviinnnnn M -
IEIEE AR XS § XU 3 - L

Please aliow 28 days for delivery

vL_--j-m—:—--—— ¢ o
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Is thatyou?

-acomputer that checks signatures

A growing need to check people’s identity automatically has led to the develop-
ment of a computer that verifies signatures by the speed and sequence of pen
movements as well as by the finished sample — this report by R. S. Watson &
P. J. Pobgee of Britain’s National Physical Laboratory. ’

MODERN TECHNOLOGY HAS,
ironically, increased the opportunities
for crime and its rewards. Easier and
more widespread facilities for getting
goods on credit and the introduction of
electronic fund transfer systems have
made it possible to make money
directly by fraud.

Nowadays, too, there are many places
where people cannot be allowed to
enter unless they are authorised. They
may house stocks of valuable or
dangerous material or stores of
confidential information, often in the
form of computer records. Providing
guards to check people’s identity costs a
lot of money — there is a need for some
automatic system of checking that
people are who they are supposed to be.

There are two ways of tackling the
problem. First is the method of
providing tokens such as credit cards or
pass cards or even secret codes. But
tokens can be lost or stolen or lent to
other people. The second method is to
make use of some human property such
as fingerprints, body weight, or other

physical dimension. Unfortunately,
people often object to such things being
used and, in any case, measurement can
be expensive to automate. Together
with voice ‘prints’ these visible
attributes can still be imitated, another
drawback.

PEN MOVEMENTS

Signing is the traditional method for
authorising documents, and signatures
represent a well practised human
behaviour pattern. Although the visible
mark can be easily copied or traced, the
way in which it is written is also
characteristic of the writer. This means
that additional information can be
obtained by measuring the speed and
sequence with which the pen is moved
across the paper.

It follows that, in any automatic
system for recognising signatures as they
are written, the first requirement is for
an economic way of obtaining this
hidden information without upsetting
the writer's natural rhythm. This was
obtained by inventing a simple

electronic notepad that produced a

1 2
Identity or @ i
credit card % . Use
I Identity » referser:ce
code reader files
7
Ry| |-~=-- +{ R0 Sign please
Writing [ Do,
instrument ¢ v Accepted
s v JTs /
\ 3 j » Rejected
3 - /
' M ! ] Signagain
Data ;aasure f Decision - , -
‘clean-up’ [P ' '€2Ure {1 dmechanismf—> Press ‘heip
extraction | 1 ~—_
— v N
.
Mo \ Wrong code
i i . : . ] D etc.
. e n
Micro- or mini-processor o5

Fig. 1. Basic signature validation machine. The numbers are referred to in the text.
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sequence of electrical signals
corresponding to the signing action
without being connected to the writer’s
pen. This pad has been further
developed commercially and is
marketed by Quest Automation as a
data entry device under the name
Datapad.

The second stage was the study of a
great number of sigr'\atures to choose a
method of measurement that could
ignore minor variations between samples
from the same writer, while preserving
his distinguishing features. Over 10 000
signatures were collected from more
than 500 writers from all walks of life.
When we examined these with a view to
isolating the variables, four rather
obvious factors emerged. These were
name, style, context and noise.

The name forms the basic structure.
It may be short, such as B. Nye or long,
with 30 letters or more — Sir Frederick
Marmaduke Bertwhistle. The name may
be written in different languages, or
scripts such as Roman, Russian, Arabic,
Japanese, Hebrew or for that matter any
well practised group of symbols. In
some cases a person’s initial are
acceptable.

By style we mean the variations
about the name form. Many people have
a repertoire of styles which they use on
various occasions, A number of
common examples which we met were a
‘'working or everyday use'style, a
‘cheque book’ style and what might be
called an ‘impress the boss’ style.

Context is the modification to a given
style caused by what the individual is
doing at the time. The rhythmic
properties of a person’s signature can
vary according to his attitude to the
transaction. The signing of an important
document will affect the way he writes
more than a trivial event such as the
receipt of articles worth a few pence.

All the other influences that may
affect the signing behaviour we have
called’ the noise factor. The weather
may be included in this category and a
number of signatures were collected
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Fig. 2. Simplified flow chart of operation.

from people arriving at the laboratory in
midwinter. Other samples were obtained
from people in various states of health.
In one case drugs were being taken to
alleviate the symptoms of a nervous
condition. Then there is the ‘after
business lunch effect” which can
influence the signing rhythms!

Our large data bank of signatures was
supported by other experiences of
interaction between man and machine.
This enabled a team led by Dr J. Parks
of NPL to develop powerful techniques
to overcome many of the difficulties.

Peter Hawkes of the UK’s National
Research Development Corporation and
Stephen Dennis of Inter-Bank Research
Organisation had been following
progress with interest, and a joint
venture was formed between NRDC,
INRO and NPL to construct a
prototype machine for VERIfication of
SiGNatures (VERISIGN).

Diagram 1 illustrates the basic
building blocks of the Verisign machine.
A user first enters his personal identity
code either through keyboard or badge

ELECTRONICS TODAY INTERNATIONAL—

reader{1). The code, which in our case is
a four digit number, is used to extract
the user’s reference file {2) containing a
set of 10 reference parameters
(R1-R10). These are passed to the
decision mechanism (6) and a request
flashed to the output display {7) for the
person to sign his name on the Datapad
(3).

The Datapad has an electro-sensitive
surface on which movements of the
writing stylus are converted into a
‘string’ of interleaved x, y co-ordinates
showing how far across and up or down
particular points are. This ‘data string’ is
then processed (4), to remove artifacts
such as marks made accidentally by the
user.

Analysis of the ‘cleaned up’ data
occurs at (5) in which measurements are
made on certain properties which
characterise the signing pattern.
Examples of possible measurements are
the number of crossings made by the x
or y co-ordinates over a datum line or
the total time spent in writing. Many
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other functions of position and time
may be chosen.

The properties or parameters can be
selected ‘locally’, that is within certain

areas, or ‘globally’, with the
measurements taken over the whole
signature.

Over 100 measures were tested for
their ability to discriminate between
writers, while remaining insensitive to
each person’s own variation. From
these, ten measures were selected and

‘'used to generate the values M1-M10

which are passed to the decision
mechanism (6). Here a comparison is
made with those obtained from the
claimed reference set (R1-R10). The
degree of similarity or closeness of fit in
relation to a set threshold value
determines one of a -number of
decisions (D1-Dn). A close fit, that is
below the threshold value, is accepted.
A poor fit causes the signature to be
rejected and displays a request for
further samples.

A hierarchy of decision procedures is
used allowing ‘context’ factors such as
custcmer importance or the value of the
transaction to be incorporated. The
decision mechanism can be easily
organised in a number of different ways
to suit individual requirements.

Establishing a set of measures to use
as a reference for one person is a vital
part of the smooth functioning of the
machine. Security against
impersonation, without the rejection of
genuine attempts, will depend on how
well the reference measures characterise
the writer.

Anyone who will be using the
machine is first asked to submit five
specimen signatures. The spread of this
group is then examined by the machine
for any gross inconsistencies. Signatures
tnat lie outside a given tolerance band
are rejected and further samples
requested to make up the number. The
variation in the reference group
{variability factor, VF) provides a useful
means of assessing what the chances are
for successful impersonation by
unauthorised users. The lower this
factor the higher the security and, of
course, the reverse is true.

Knowledge of the degree of security
is unknown to either the user or
impersonator and in any case the rating
value together with the reference list is
updated each time a test signature is
accepted. This updating mechanism can
also keep track of long-term variation in
the way a person writes his signature.

The basic flow chart of the Verisign
machine is shown in diagram 2. Three
attempts at writing a signature are
permitted before some form of alert is
given.

The computer program, apart from a
few modules, is written in standard
Fortran IV language and occupies about
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Is thatyou?

-acomputer that
checks signatures

12 000 words of core store. Twenty
words are required for each person’s
reference parameters plus an extra 10
for performance logging.

We used a 16K mini-computer which
provided reference file space for up to
120 people. The time to verify a
signature was less than 100 milliseconds.
This meant that a complete transaction,
including the entry of a personal
identity code, could be completed
inside 20 seconds.

TESTS

The system was tested in various
situations including remote operation
over public telephone lines. In addition,
two full-scale experiments were carried
out. For the first, in the entrance hall at
our laboratory, the participants
identified themselves as they entered
and left the building. The 71 people
who took part included typists, security
officers, members of the services,
professional engineers and scientists.
Out of 2000 attempts made at
identification by signing, 96 per cent
were successful.

The second experiment controlled
entry to the computer room of a
different government establishment,
Here, the 47 passholders, often carrying
equipment or trays of cards, used the
Verisign terminal over a period of
several weeks. The .results of this
experiment were similar to the first.

It is, of course, one thing to ensure
that the genuine person is identified
correctly with the minimum fuss or
bother. It is another to prevent the less
scrupulous their practising art! With this
in mind, at the end of both experiments
we displayed a number of target
signatures and invited everyone to try
his hand at copying them. With the first
experiment at NPL, although one or
two came very close, no-one was able to
obtain a ‘signature valid’ signal. A lower
threshold was used for the second
experiment and the decision scores were
displayed as an incentive. No limit was
placed on the number of attempts,
allowed and under these less rigorous,
unrealistic conditions a few people were
eventually successful.

No security system is perfect but the
hierarchy of this one allows the degree
of security to be balanced against the
possibility of rejecting an authorised
user. [ ]
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25-27 Oxford Street, ALL PAYMENTS MUST BE IN STERLING
London W1R 1RF

i enclose £6.00 (£7.00 overseas) for the next twelve issues
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“IF YOU CAN'T SEE IT
— IT'S GONE!'”

WHY

TAKE CHANCES
2

TAKE OUT A
SUBSCRIPTION

Now there's 4 better way
to keep your ETI copies

We reckon ETI 1s worth keeping: and our surveys indicate that a
staggering 97% of readers keep their copies for at least three
months. Now we can offer you a binder which holds 12 issues
whose quality befits the magazine: excelient. Send £2.20 (which
includes VAT and postage) 10:

ETI BINDERS, 25-27 OXFORD STREET, LONDON W1R 1RF
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SINTEL for MEMORIES — MPU’s — BOOKS Leadf,‘;“sz*::;:‘;i::’:‘;oay
MEMORY IC’s DATABOOKS and Datasheets

Intel 2102A-6 (new version of 2102-2). 16 pin IC. TTL compatible, Single (do not add any VAT)

+5V supply, 650nsec.. 1024 x 1 bit Static NMOS RAM . . £3.61 1 A CM d IC Combined Databook . . . . ... . £6.70
fntel 2112A-4 650nsec. 256 x 4 bit Static NMOS RAM . = [£376 Now 1976 RCA Penrer am Microwave: Databook . v oo £7.30
{ntersil IME508C CMOS 1024 x 1 bit Static RAM ... ... £8.08 1976 National Semiconductor 7400 series TTL Databook, ¢. 200 pages .. £3.45
TTL Pin-Qut Card Index. Set of cards with pin-outs (top and bottom views) of
T.L. TTL range and many other T.1.I1C's . . .. . o ARPIAARA . . £2.95
Intel Memory Design Handbook, c. 280 pages . . ... .. . a9 JeEE . £5.20
o s . Intel 8080 Microcomputer Systems Users Manual, c. 220 pages . . . . XX cg.zg
- 1 Motorola McMOS Databook (Vol. 5 Series A), ¢. 500 pages . ... .. ..... £3.5
KITS td¢ ©§ G ¢ CAR CLOCK Motorola ME80O Microprocessor Applications Manual. c. 650 pages . ... £12.95
‘AUT-CK’ Motorola M6800 Programming Manual, ¢. 200 pages . . o0 . . £5.35
£17.85 Mototola Booklet introducing Microprocessors . . .. .. ...... £1.80
g 2650 Microprocessor Manual 220 pp . . . PErLE e e :2:;;2
National SC/MP Introkit Users Manual e . ..., £0.
S0l LT BEE 0T National SC/MP Programming and Assembly Manual . . bt . £6.30
The SINTEL Car Clock 1s a four-digit clock in an attractive mini white case National SC/MP Technical Description T e 3 . £1.95
Features: large 0.5 red LED disptays — High frequency quartz crystal
timebase — an internal backup battery supplies power if the car battery DATASHEETS on Microprocessors: (usually Xerox Copies)
voltage drops below nine volts when starting the engine. or if the clock is Intersil IM6100 12 bit CMOS £0.75 RCA CDP1802 8 bit CMOS £0.75
temporarily disconnected — only high quality components are used, Piher g 3 o - " =g v
resistors, roller tinned fibreglass PCB's, etc. Full instructions included. Simple | g&at;yoerl]iaclsSZCs/fx)PBBbgltl;:)vwcg:(s' ig;g slggrzo?:r\(:g%asnggd 8080) .. :g;g
but sophisticated circuitry gives you good performance at low cost. You TI\%S 3080 Y i £0-75 TMS 5501 - £0'75
benetit from our experience in clock design. Suitable for all 12V, negative earth : SEEY . " .
cons. o
Complete kit less battery — Order as ‘AUT.CK' . £17.85 u r 3 e
Also available less case — Order as "AUT-MODULE KIT . £16.45 2 sl

Please: Microprocessors should only be bought by experienced constructors. Sorry,
50Hz CRYSTAL TIMEBASE KIT: provides an extremely we cannot answer technical queries or supply data other than from our sefection.
stabla output of one pulse every 20msec. Usaes. May be .
added to all types of digital clocks to improve accuracy, to ASSOCIATED IC’s

within a few seconds 8 month @ If used with batiery back-up IM6100CCDL . £45.36 ISPA/100 (SC/MP) . . ... £18.75
aiso makes clocks power-out or switch-oft proof @ Replacing 8080A (2.5) , .. £32.25 2650 . . ... £27.00

S0Hz signal on batiery-powered equipment @ Prowiding film 6800 £33.87

£33 Y ation @ A itoring or i "] speed. g -
=i i Complete kit. Order as "XTK™ ............... £6.28 MICROPROCESSOR MANUFACTURERS' DEVELOPMENT KITS
K Ki ITH YST These include main IC’s. PCB, Manuals and Data
DIGITAL CLOACNDKBZ%VEvnz B:gK %PAL GONTROL. MEK6800D1 — with the 6800 MPU . . . . - .......£137.00
i ISPBK/ 200E ~ SC/MP Intro Kit . . . 2 B mel ER .......£93.55
. i MrS-80 Kit C — with 80BOA (no PCB) . . P S —— . £176.65
g'g ACK+ GCK+
BBK+ GBBK +

Send for FREE CATALOGUE giving details of our compiete range of Clock kits,
LED displays, Cases and other components

These twa kits incorporate our Ciystal Timebase Kit (X?K). together with components for = =
battery back-up. All components. plus @ PP3-type battery, fit neatly in the clock cases.

Acturate to within a few saconds a month. If mains power is disconnected {through a power CASES and other COM PONENTS
cul, accidental switching oft or moving clock) the clocks will still keep pertect time. While on 32.768 kHz Min. Watch Quartz Crysial €8.50. 5 12 MHz Crystal . . £3.60
back-up, the displays are off to conserve battery life 8-way BOSS Switch: B ultra-min. toggle switches in 16-pin DIL . . 7 a5 £2.60
Ministure Transformers (Both fit in all Verocases below)

ATTRACTIVE 6-DIGIT ALARM CLOCK: Uses Red 0 5 displays. Features bleep alarm, Clock transtormer 6.0-6/300mA, Order as "LED-TRF ™ - £1.95
“"Touch switch™’ snooze control and automatic intensity control. Alarm remains fully For 5LTO1 12.0-12/100mA. 1.5.0-1 5/50mA. Order as *'5L-TRF " 5 L., £1.95
operational while clock is on back-up. Complete kit including case lass mains cable and plug. VEROCASES. Neat cases with PCB guides, etc , front and cear aluminium panels. We have pre-cut
Order as "ACK + XTK + BBK e ce e ey, £33.58 perspex for some cases, making them ideal for clocks or instruments. For 75124 7J PX-R-J-12 (Red) 28p,
Kit also available less crystal control and back-up. Order as "ACK™ ... .. .. .. . £26.80 PX-G-J-12 (Green) 28p. For 751410J PX-R-J-14 (Red) 30p, PX-G-J-14 {Green) 30p. For 7514110
MINI GREEN CLOCK. Attractive 4-digit Mantelpiece Clock with bright 0.5 Green display xR DT RS oR AT cleazeslarela e in(ol/ ACKIRTGEK:
Compiete kit including case less mains cable and plug. Order as "GCK + XTK + GBBK’ Dimensions are in mm

______ . S0 o e ow— - £19.85 761410J {205x140x40) £2.84 7612373 (154x85x40) - £1.72
Kit.also available less crystal controt and back-up. Order as ~'GCK"' . £14.90 751411D (206x140x75) : €3.04 7512380 (154x85x60) £2213

We have many other Verocasas and Vero products in stock — see our Price List.

[ We guarantee that Tetephone Orders for goods in Stock, recerved by 4.16 p.m. (Mon.-Fri.} wilt be despatched the same day. 1st Class Post {Sooks an_d Kits
v by parcel post), and our Stocking is good. Privaite customers should telephone and pay by giving their Access or Barclaycard number, with a minimum
order value of £5. Officiat orders, no minimum.

cmos CD4033 1.80 CD4072  0.24 COMPONENTS an GOST lc SUGKETS
gg:ggg f;g gggg;g g;: Soldercon Pins are the ideal low cost method of providing sockets for TTL CMOS,
CD4000 0.17 CD4036 3:65 CD4076 1:61 D:splayg, ICs. S_imply cut off the lengths you need, sold9( into board and snap off the
CD4001 0.18 CD4037 1.09 CD4077 0.60 connecting carrier. AA single purchase of Soldercon Pins gives you any socket you may
CD4002 0.17 ¢pa038 1.24 CD4a078 0.24 need, and at low prices. 50p-per strip of 100 pins, 1,000 for £4, 3,000 for £10.50.
CD4006  1.35  (CD4039 3.55 CD40B1 0.24  CLOCK CHIPS -
0i0r 918 cpioio 123 Codomr 020 Aveizos 2as A .
. X ese Ju isplays .
CDA00S 0168  CDdos2 096  COW0BE 08s  mvnily 230 | DISPLAYS A Coman conmi CE) dpis oo oo obd . pce ol
CD4010 0.64 CD4043 1.16 CD4089 1.78 : other C.C. digplay (DL704. DI750. MAN3640, etc.} as they are all electrically identical (but may
CD4011 0.20 CD4044 1.07 CD4090 0.92 have dilterent pin-outs). Similarly our Common Anode digits may be used in place of any other C.A.
¢ba012 oka o ¥ 04094 G types (DL707, DL747, RS/Doram' 5867699, etc.}
CD4013 0.64 CD4046 1.53 CD4095 1.20
5340:4 1.16 CD4047 1.04 CDA4096 1.20
4015 1.16 £DA4048 0.64 CD4097 4.28
CD4016  0.64  Cpa04y 0.64 CD4098 1.26  YEROCASES
€D4017 116 Cpaoso  0.64  CD4099  2.11 751411D  3.04
CD4018 1.16 CD4051 1.07 CD4502 143 751237J 1.72
CD4o19  0.64  CDA052 107  CDA5I0 187 77,53, 12
CD4020 1.28 CD4053 1.07 cD4sn 1.80 751239K 2.78
CD4021 1.16 CD4054 1.33 CD4514 3.15 )
CD4022 1.1 CD4055 1.51 CD4515 3.60
CD4023 0.24 CD4056 1.51 CD4516 1.56 FND500: TIL321, T1L322 XANBS2, XANSS54 D500-8
CDa024  0.89  CD4059 548  (D4518  1.25 GREEN
CD4025 0.24 CD4060 1.28 CD4520 1.43 4
Coaos .28 Tososy 126  coasz 182 g oot RS Mecaweswio 35 L
CD4027  0.64 CD4066  0.71 CD4532  1.65 SUNDRY TL321 Texas Instr Red Common Anode LED 05" £1.30
CD4028 1.03 CD4067 4.28 CD4555 1.04 CA3130 1.14 TIL322 Texas Instr Red Common Cathode LED 05" €1.20
CD4029 .31 (CD4068 0.24 CD4556 1.08  uUA74) 0.35 XAN6SZ  Xcnon Sreen Commonpaodo|LED o8, rf2as
CD4030  0.64  CDA069  0.24  MC14528 1.22  (RCAB DH) XAN6S4  Xciton Geen ) 96, taas
CD031 255 CDao70 067  MCidsss 4es MANM Moo g CnnGbenlo g 4
CD4032 1.23 CD4071 0.24 IM6508 8.05 78Lizwe 077 Display PCBs (each lits nenllry -mzoZVerocase 751410J). All are for multiplexed arrays, all are
sutable for FND500. THL321, TiL3
ADD B% VAT + 25p P&P on all orders. Phons vy R e O O L IO emnp B e
orders see 'Fast Service'' for details. Export USING DISPLAYS WITH CMOS OR TTL? Send sae asking for free application note. SN1. which

orders very welcome. No VAT but add 10%
(Europe). 15% (Overseas) for Air Mail p&p. (For

Qves simple circuits with component vaiues

export postage rates on books — contact us first). O —— —
s' NTEL 5,0 oxsa axtora SINTE L
Tel: 0865 49791 .
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Official Orders Welcomed. For our
complete range send for free catalogue
and price list.




part b

RESISTORS MUST BE THE MOST
commonly used of electronic
components — to the point where they
tend to be taken for granted.

Resistors are, however, made in a
variety of ways either for general use or
because their particular characteristics
suit certain areas of application. Modern
resistors can be classified into four
broad groups:

(a)  composition resistors
(b}  film resistors

{c})  wirewound resistors

(d) semiconductor resistors

There is a variety of construction styles
in each group, each style having
particular characteristics, advantages
and disadvantages.

General Characteristics — Resistors are’

not quite the passive
they are usually taken
the resistors vary in value with
variations in temperature. They also
change value with applied voltage and
with frequency. All resistors generate
noise, and thus certain types are better
suited to applications requiring low
noise components, such as audio
amplifier input circuits. Knowing what
the various characteristics of a resistor
mean in different situations enables you
to make a proper selection for a
particular application — or to make
substitutes without introducing
problems. There is a generally agreed
convention on how the various resistor
characteristics are expressed and these
are explained below.

components
to be. Al

Temperature coefficient — With many
resistors, the change in value of
resistance is fairly linear across a large
range of temperature. With such
resistors the temperature coefficient is
usually expressed in ‘parts per million
per degrees centigrade’ or ppm/OC. It is
also sometimes expressed in percent of
value per degrees centigrade, or %/0C.
Some resistors have a nonlinear
temperature coefficient and this
characteristic is usually referred to as
the ‘resistance-temperature’
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characteristic. Some types of resistor,
particularly those in the semiconductor
group; are manufactured to have a large,
controlled resistance-temperature
characteristic. They are usually used for
temperature sensing, compensation, or
in measurement applications.

Voltage Coefficient — The nominal
value of a resistance is not independent

of the applied voltage, usually
decreasing with increase in applied
voltage. The voltage coefficient is

usually expressed as a percentage of the:

change in resistance against variation in
applied voltage from 10% of maximum
working voltage to maximum working
voltage. This is a characteristic that is
only of importance ~ with carbon
composition resistors and some types of
semiconductor resistors ({i.e. voltage
dependant resistors).

Frequency Effects — All resistors have |

an inherent small amount of inductance
and capacitance and this affects the way
they behave at high frequencies and
above. The length of the actual
resistance path in the resistor and the
length of the leads contributes
inductance in series with the apparent
dc resistance. Capacitance, which may
be distributed along the resistor body or
through the resistance path, contributes
capacitance which is effectively in
parallel with the apparent dc resistance.
This changes what should look like an
ordinary resistor into a circuit like that
in Fig. 1. The actual amount of series
inductance and shunt capacitance
depends largely on the type of resistor
and its construction. Some styles of
resistor are constructed to minimise
these effects.

Carbon composition and wirewound
resistors are the most affected of any
group. Generally, for values above 100
ohms or so, the apparent resistance will
decrease as the frequency is increased.
Thus low value resistors exhibit the least
variation with increasing frequency
while the apparent resistance of high

Last month we looked at the most common resistors, the_carbon composition
types. This article now looks at resistors in general and introduces the other

types we will be considering.

value resistors {i.e. about 100k and
above), rapidly decreases as the
frequency increases.

Noise — All resistors generate ‘noise’ in
the form of tiny voltage fluctuations
which originate in the resistive element. .
Further noise is generated in the lead'
connections. The total noise voltage is
contributed from a number of different
sources. One form of noise that is
present in a// resistors is called ‘Johnson
Noise’ and the magnitude of this
depends on the temperature and the
value of the resistor. Some resistors
(particularly carbon composition types)

1

RESISTANCE OF

SERIES
INDUCTANCE COMPONENT ELEMENT]

SHUNT
CAPACITANCE

Fig.1. Equivalent circuit of practical
resistor.

e A

produce extra noise caused by the
current flowing through the component.
Faults in the component also cause
noise, i.e. for solid body types, minute
cracks may add to the noise. Some
styles of construction can contribute to
noise, for example, those constructed
with end caps connecting to the resistive
element may become noisy (more
noisy} when the end caps are subjected
to tension and become slightly {oose.
For adjustable resistors, added noise
may be caused by imperfect contact
between the moving contact and the
resistive element. The noise is worsened
during the time the contact is moving.
To obtain the lowest noise from a
resistor it should be operated well below
its wattage rating.
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The noise figure for resistars is usually
quoted in microvolts per volt (uV/V) or
in dB related to a reference figure
(usually 1uV/V).

RESISTOR RATINGS

Resistors are rated to remain within

specified resistance limits under
specified conditions of power
dissipation, temperature and applied

voltage. These ratings depend on the
style and construction of the resistor as
well as the way in which it may be used
in practice, i.e. if it is subjected to high
temperatures or operated at a high
voltage.

The primary rating of a resistor is its
wattage or power rating, that is, how
much power it will dissipate. This is
more or less analogues to the voltage
rating of a capacitor — how high a
voltage it will withstand.

Power or Wattage Rating — The
maximum power rating of a resistor, as

Film resistors are made in a range of
power ratings from 1/20th (0.05) watt
up to five watts, composition types
range from 1/10th (0.1} watt to two
watts. Some special film types, made for
RF power applications and high voltage,
high power applications, are
manufactured in wattage ratings from
one watt to 100 watts or more.
Wirewound resistors are manufactured
in wattage ratings that range from half
watt right up to 200 watts. Very low
value resistors (i.e. less than a few ohms)
are usually wirewound. They may only
need .to dissipate small amounts of
power and are consequently generally
quite small.

When a resistor is dissipating power, its
temperature will rise above that of its
surroundings (or the ‘ambient’
temperature as it is called). The
maximum temperature of the resistor
due to both the internal heating and the
ambient temperature is called the ‘hot

composition and film types. Wirewound
types may have a maximum hot spot
temperature in excess of 2500C, which
is sufficient to melt solder and fry
fingers to a crisp golden brown.
Excessive power dissipation with a
resistor causes large, often sudden,
changes in resistance, in some types the
resistance may decrease — definitely the
wrong direction as it will then try to
dissipate yet more power — until it
reaches its thermal limit and breaks
down.

The first signs of overload in carbon
composition and carbon film resistors

are a pungent burning odour
accompanied by a steady stream of
smoke. Finally, it breaks down
altogether in one of several possible
ways: —

(a) The resistor gives a final puff of
smoke, becomes open circuit and
joins its ancestors in that great big
pc board beyond the sky.

quoted by the manufacturer, is spot’ temperature. The maximum (b) The resistor becomes short circuit,
determined by the power it can allowable hot spot temperature for a everything else begins to smoke and
i
A ~C=0 ‘ WATTAGE RATING
SIZE | TYPE @40°C @700C LENGTH DIA ‘
B S o A Carbon Film .05 4 mm 1.5 mm
B Composition .25 6.5mm | 2.3 mm
Carbon Film .25 7 mm 2.3 mm
Metal Film .25 7 mm 2.5 mm
C <) — Metal Oxide 125/.26 |, 7.2mm | 2.5 mm
C Composition 0.5 10 mm 3.5 mm
Carbon Film 0.5 0.33 9 mm 3'mm
Composition 0.35 0.2 10.3 mm | 4.3 mm
D———Q:———— D Composition 0.5 0.25 | 11.5mm | 4.1 mm
: Composition 0.35 0.2 12.7 mm | 5.3 mm
Carbon Film 0.5 025 | 11 mm 4 mm
Metal Film 1.0 12 mm 5.5 mm
E ___m_______ Metal Oxide 0.25/0.5 11.2mm |4.2mm.
E Composition 0.75 035 | 17.8 mm |4.1 mm
Carbon Film 1.0 14 mm 4.8 mm
) F Composition 2.0 1.0 30 mm 7.8 mm
F ( E ) ——— Carbon Film 40 |24mm |8mm
Ifig. 2. Sizes and ratings of modern resistors.
dissipate ‘continuously for an unlimited resistor depends on its construction and they join their ancestors

time without exceeding a specified
maximum temperature and without
drifting from its nominal value more
than a specified amount.

The power rating of a resistor depends
fargely on its construction. Low power
resistors are quite small in size — the
size increasing with power rating as
illustrated in Fig.2. These are
representative of most composition and
film types. Wirewound resistors are
inevitably larger as they are generally
manufactured to dissipate considerable
amounts of power.

the material of the resistance element.
The maximum hot spot temperature of
a resistor may not be exceeded under
normal operating conditions. Thus,
resistors are rated to dissipate a given
amount of power up to a specified
ambient temperature, usually 400C or
700C, so that the combination of
internal heating and the ambient
temperature do not exceed the
maximum allowable hot spot
temperature. This is usually between
1000C and 1700C depending on the
component style and construction, for
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you-know-where.

{c) The resistor turns into a miniature
Vesuvius, splutters hot carbon
particles all over the place and
eventually bursts into flames, not
unlike a Roman candle.

To summarise with the obvious, it is
good practice to select resistors which
go open circuit under extreme overload
and which are non-flammable. Many
modern resistors, particularly power
resistors, are manufactured this way.
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RESISHIORS

High value resistors are more likely to
break down under the stress of high
applied voltage rather than excessive
dissipation.

Power Derating — A resistor may be
operated above the maximum specified
ambient temperature provided it
dissipates less power than its nominal

rating. In other words it has to be
‘derated’, With few exceptions, the
derating is usually linear from the

maximum ambient temperature to the
maximum hot spot temperature, where
it can dissipate no power at all. This is
illustrated in Fig. 3. Here the graph
shows that the resistor can dissipate full
power according to its rating up to
700C but this is decreased linearly until
it can dissipate no power at 1250C,
which is the hot spot temperature. If
the resistor was a 1 watt type, then,
from the graph, it could only dissipate
less than %> W at 1000C.

100

75

50

\.

25

RATED DISSIPATION %

PROPORTION OF

a8 50 60 70 80 9@ 100 110 120 125

AMBIENT TEMPERATURE °C

Fig.3. Typical power derating curve for com-
position and film resistors.

e _

The ambient temperature of a resistor
is obviously affected by nearby devices
that produce heat. One should ensure

that resistors mounted near power
transistors, wirewound resistors, or
other heat producing sources are

adequately rated. The same goes for
equipment that may be mounted in a
high temperature environment, such as
in a car engine compartment or under
the dash — temperatures here can reach
80-1000C under a hot summer sun.
Resistors stacked together must be
operated below maximum rating as they
do not experience the same cooling as
resistors mounted with free space
around them. For other than
wirewound resistors it is good practice
to allow at least the same distance as the
component width or diameter around it
in order to obtain adequate cooling.
Resistors may be mounted right down
on a printed circuit board however,
without appreciably degrading the
cooling. But, if the component is a two
watt type or more, and dissipating some
power, it is best to mount it above the
board by at least its own diameter or
thickness to avoid scorching the board.
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Although a resistor rated to dissipate
% W at 400C will obviously dissipate
considerably more at more normal room
temperatures of 20-250C it is not good
practice to use it in such a manner. It

will, most likely change value
permanently, most probably by an
amount exceeding the specified

tolerance. That is why power derating
graphs only indicate a permissable 100%
dissipation below the maximum
allowable ambient temperature.
Chemical changes within the resistive
element destroys a resistor that is
operated at excessively high
temperatures.

Voltage Rating — The value of a resistor

is not independent of the applied
voltage. It changes with increasing
voltage, wusually decreasing. This

characteristic is worst for composition
resistors. A voltage coefficient may be
specified for a resistor. This is expressed
as a percentage of the change in
resistance versus the nominal (low
voltage) value of the component
multiplied by the inverse of 0.9 times
the rated maximum working voltage.
The maximum working voltage and
the voltage coefficient of a resistor
depend on the materials and
composition of the resistance element,
the allowable deviation from the
nominal (low voltage) value and the
physical configuration of the
component. For a given type of
construction and resistive element, the
voltage coefficient decreases with
decreasing resistance value and thus the
maximum working voltage may be
increased.

High value resistors used in high
voltage applications, e.g. in EHT voltage
dividers for CRO tubes, may suffer from

voltage breakdown across the
spiral-grooved turns of the resistance
element. ‘Voids’ also occur in the

resistance element, causing an increase
in value, and sparking occurs across
these with consequent detrimental
effects. Catastrophic failure of a resistor
usually occurs by these voids spreading
through the element.

Pulse Rating — The reaction of resistors
to voltage stresses is almost
instantaneous. Where a resistor is
subject to voltage pulses it will still be
subjected to the sort of limitations
placed on it for the voltage rating.
Power dissipation is not a limiting
factor, it is rather the voltage stress that
the component is able to withstand. The
spreading of voids through the
resistance element increases with
increasing pulse frequency. Carbon film
resistors are able to withstand about
twice their rated dc working voltage
under pulse conditions. Usually the
pulse voltage rating of the component
will be exceeded before the power
dissipation becomes significant. ®

PRINTED CIRCUIT KIT £4.25%

Make your own printed circuits, Contains etching dish,
100 sq wns of pc board, 1ib ferric chloride, dalo pen,
drill bit, laminate cuner

JCIZ AMPLIFIER

6W IC audio amp with free
data and printed circuit
£2.25%

DELUXE KIT FOR JG12 i
Containsextra parts except JC12 needed to complete the
amp including balance, volume, bass and treble
controls, Mono £2.33. Stereo £4.95

JC12 POWER KIT

Supplies 25V 1Amp £3.75.

JG12 PREAMP KITS

Type 1 for magnetic pickups. mics and tuners. Mono
£1.50. Stereo £3.00. Type 2 for ceramic or crystal
pickups. Mono 88p. Sterec £1.76.

SINGLAIR 1G20

1C20 10W + 10W stereo integrated circuit amplifier fot
with free printed circuit + data£4.95

PZ20 Power supply kit for above £3.95

VP20 Volume, tone control and preamp kit£7.95

JCG40 AMPLIFIER

New integrated circuit 20W amplifier kit, complete with
chip, printed circuit and data £4 45

FERRANTI ZN414

IC radio chip £1.44, Extra parts and pcb for radio
£3.85. Case £1.00. Send sae for free data.

BATTERY ELIMINATOR BARGAINS

MILLENIA KITS»

5 Transistor highly stabilized power units. Switched 1

to 30V in 0.1V steps. Send sae for free leaflet. 1 Amp

kit£12.45 2 Amp kit£14 95 Case £2.95 extra

RADIO MODELS

50mA with press-stud battery connectors, 9V £3.45

6V £3.45 9V + 9V £5.45 6V + 6V £5.45. 4%V +
43V £5.45.

CASSETTE MAINS UNITS

7%V with 5 pin DIN plug. 150mA £3 95

3-WAY MODELS» i

With switched output and 4-way multi-jack connector

Type 1: 3 / 42 7 BV at 100mA £3 20. Type 2 6 /

7% / 9V at 150mA £3.30

FULLY STABILIZED MODEL £5.45»
Swnphed output of 3/6/7%2/9V stabilized at 400mA

CAR CONVERTORS £5.10%
Input 12V DC. Output 6/7Y2/9V DC 1Amp stabilized

BATTERY ELIMINATOR KITS

Send sae for free leaflet on range.

100mA radio types with press stud battery terminals,
4%V E£2.10. 6V£2.10. 9VE2.10. 4%V +4%V £2.80.
6V+6V£2.80. 9V+9V £2.80.

100mA cassette type: 72V with 5 pin DIN plug
£2.10.

Transistor stabilized 8-way type for low hum
3/4%1/6/7%/9/12/15/18V 50mA £3.50 1 Amp
£6.50.

Heavy duty 13-way types
4'/:/6/7/8‘/:/1 1/13/14/17/21725/28/34/42v
1Amp model £4.95. 2Amp mode! £7.95

Car convertor kit: Input 12V DC Output 6/7%2/9V
DC 1A transistor stabilized £1.95

MAINS TRANSFORMERS

6-0-6V 100mA £1. 9-0-9vV 75mA £1. 18V 1A £1.95
0/12/15/20/24/30V 1A £4.30. 12-0-12V 50mA
£1. 0/12715/20/24/30V 2A £5.95. 20V 2%:A
£2.95. 606V 1%A £2.85 9.0.9v 1A {255
12-0-12V 1A £2.95. 15-0-15V 1A £3.20. 30-0-30V
1A£4.10

10705 £1.95

S-DECS AND T-DECS*

S-DeC £2.24. T. DeC
£4.05. u-DeCA £4.45
u-DeCB £7.85. IC carriers
with sockets: 16 dil £2.05

SINCLAIR CALCULATORS AND
WATCHES

Cambridge Universal £6.60. Cambridge Scientific
£8.95. Oxtord 300 £13.30 Programmable Scientific
with free mains unit £24 95. Mains adaptors for other
models (state type) £3.20. Assembled Grey Watch with
free stainless steel bracelet£16.45

SINCLAIR PROJECT 80 AUDIO
MODULES

PZ5¢4.95 PZ6+8.70. Z40£5.75 Pro 805Q0+£18.95
BI-PAK AUDIO MODULES

S450 tuner £18.95. AL6O £4.33 PA100 £13.45
MK60 audio kit £27,20. Teak 60 £10.95. Stereo 30
£15.95. SPM80 £3.35. BMTB0 £3.50. Send sae for
free data

SAXON ENTERTAINMENTS MODULES

SA1208 £20.50. SA1204 £19. SAB08 £12. SA604
£10.30. PM1201/8 £11.30. PM1202/8 £15
PM1201/4 £11.30. PM1202/4 £15. PM601/8
£11.30. PM601/4 £11.30

Dept. ETI, PO BOX 68, Swanley, Kent
Send sae for free leaflets on all kits. Post 30p on orders |
under ¥£2 23 otherwise free. Prices include VAT
Overscas customers deduct 7% on items marked *
otherwise 11% Official orders welcome
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Wilmslow
Audio
THE firm

for
speakers/!

Baker Group 25,3.8.ar 150hm .. . .. ... £9.00
Baker Group 35.3. 8or 150hm . . . . .. £10.25
Baker Deluxe, 8or 150hm . . . . .. ..... £13.38
Baker Major, 3, Bor 150hm. .. . .. : . £10.69
.Baker Regent, 8 or 150hm. . .. ... ... ... . £9.00
Baker Superb. 8 or 15 ohm . 183
Celestion MH 1000 horn, 8 or 150hm. . .. .. £13.50
Cotes 400 1 G super tweeter. . -k £5.90
Coles 400 1 K super tweeter. . . . . . ..., £5.90
EMI 14" x 9" bass 14A/700B ohm ... . €£11.92
EMI 8 X 5, 10 watt, d/c, rolt/s Bohm . ... £3.78

Elac 59RM 109 15 ohm, 59RM114 8ohm . . £3.38
Elac 6% d/c roll/s 8 ohm o

Elac 10" 10RM239 Bohm .. .. .. ..
Fane Pop 15 watt 12 . E——
Fane Pop 55, 12" 60 watt . . ... .

Fane Pop 60 watt, 15" . . e
Fane Pop 70 watt 15*

Fane Pop 100 watt, 18" e E
Fane Crescendo 12A or B, 8 or 15 ohm .
Fane Crescendo 15, 8or 1Sohm . .. .. ..
Fane Crescendo 18. 8 or 15 ohm .
Fane 8017 8" d/c roll/s 8 ohm .
Goodmans 8P B or 150hm. . o £ e
Goodmans 10P8or 150ohm. . ... ... .. .. ..
Goodmans 12P 8 or 15 ohm. . . SE 8
Goodmans 12P-D8or 1S50ohm . . .. ..
Goodmans 12P-G 8 or 15 ohm . .
Goodmans Audiom 200 8 ohm . . . ..
Goodmans Axent 100 8 ohm . . ..
Goodmans Axiom 402 8 or 15 ohm

Goodmans Twinaxiom 8’ 8 or 15 ohm. . .. . £10.60
Goodmans Twinaxiom 10* 8or 18 ohm. . . .. £10.95
Kef 727 . ... ... ... - o £5.75
KGNS s 8t i 48 oot & @ e £10.75
Kef8110. . . . . .. e . £7.95
KetB200. . ... . ... ... ek s €928
Kef B9 Lome Imae" apai-ess T 08 . £17.95
KefON8 .. . .. ... ... ... ..... ... £2.50
Kef ON12 . . £ . T BT % B £6.95
Kef ON13 . .. ... ... e ... £E4.98
Baker Major Module, each . . . . .. .. ... £13.28
Goodmans Mezzo Twinkit, pair . . . . . .. . £51.85
Goodmans DIN 20. 4 chm, each . .. .. .. .. £15.75
Helme XLK30, pair . . .. ...... ... - £21.95
Helme XLK35, pair ... .. .. ... £26.75
Helme XLK40, pair . . Jaae fe ... £38.50
Kefkit [, pair . . . . . ... .. £51,00
Kefkit lll, each R —_—— .. . £46.00
Peerless 20-50, pair . . . . ... . ... . £39.50
Peerless 20-60, pair 5 s b i a £53.00
Richard Alian Twinkit, each. . . . .. .. . £13.95
Richard Allan Tripte 8. each TGO AT £20.75
Richard Allan Triple 12, each e .. £25.98
Richard Allan Super Triple, each . . . £29.50
Richard Allan CG8T 8 d/croll/s .. . .. ... . £7.95
Wharfedaie Linton 2 kit, pair . . . .. . .. £21.50
Wharfedale Glendale 3 XP kit, pair . . . .. £47.50
Wharfedale Dovedale 3 kit, pair. . ... . .  £59.40
Wharfedale Super 1T0RS/DD . . .. . £13.50
Castie Super 8RS/D0. . .. g ... £9.28
Jordan Watts Module 4, Bar 15 ohm . . £15.36
Tannay 10° Monitor HPD .. . .. . . . .. £78.00
Tannoy 12'' Monitor HPD . .. . . .. ... £86.00
Tannoy 15 Monitor HPD . . . — ... £99.95

Prices carrectat 11.11.76
ALL PRICES INCLUDE VAT
Cabinets, wadding, Vynair, crossovers etc.

- Send stamp for free 38 page booklet
“'Chaoosing a Speaker’’

FREE with all orders over £10 —
“HiFi Loudspasker Enclasures™ Book

All units are guaranteed new and perfect
Prompt despatch
Carriage: Speakers upto 12'' 60p; 12/'£1; 15" £1 .75:;

18" £2.60. Kits £1 each &2 per pair). Tweeters and
Crossovers 33p each.

WILMSLOW AUDIO

Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF. Tel. Wilmslow 295989
(Discount HiFi, PA and Radio at 10 Swan
Street, Wilmslow)

Access-and Barclay Card orders accepted by
phone

Semiconductors from

LYNX ELECTRONICS

THYRISTORS All ratings RMS
Piv 0.84 1A 3A 4 6A 8A 104 10A BN TTL 74 SERIES
(7092, (3T05)  (CV0B)  (T0220) (TO220) (Y0220} ({T0220) (T0220) {106.4)
1(5)8 0.20° 0.25 g.:g 0.32 0.41 0.42 0.42 0.47 0.98 PLASTIC
0.25° 0.25 E 0.37 0.47 0.48 0.48 0.54 1.02
200 0277 035 0.45 0.40 0.58 0.60 0.60 0.68 118 140 s I
400 0.30° 0.40 0.50 0.45 0.87 0.88 0.88 0.98 140 W s T 032
500 i 0.65 0.70 — 1.09 FEN 119 1.26 1.80 s oy T 2R
- ——— A 018 M@ 048
TRIACS (PLASTIC TO—220 PKGE ISOLATED TAB) ;& L o &g
4A 6.5A 8.5A T0A 15A 401 0.18 7493 0.45
a) {b) a b} a) ®) {a} {b) {9 (b 7408 0.8 744 035
110V o‘.s)o 0.60 u(.r)o o‘ o(.n 0.78 0.83 0.83 1.01 1.01 7409 018 7485 087
200V 064 0.64 0.75 O 0.87 0.87 087 087 117 117 #0816 % 078
400V 0.77 078 0.80 0.83 0.97 1.0 1.13 119 1.70 1.74 mg l.l; #??» :g
K I . . 1. 142 150 211 2.7 g
600V 0.96  0.99 0.87 1.01 1.21 26 | i I, 87 e (v
NB. Triacs without internal trigger dvac are priced under column {a) Triacs with internal trigger diac are 416 043 Mg 1.6
piced under column (b). When ordering please indicate clearly the type required 41T 0.43 e 1.92
v T — ; um 06 742 034
2z 938 M2 W7
LINEAR ICS Special 23 048 T4I23 040
5 030 1% 079
307 ) 0.55° Offer 1427 048 M1 BT
380 44 Pin Dit 0.90° 420 053 T4145 074
555 8 Pin D4 0.45 Red LED 40 016 TN 1.2
565 14 Pin DIl 2.00 TiL209 4R 037 s an
566 '8 Pin DI 1.50° 3 049 T4I5) 109
567 8 Pin Ot 200 10p 437 035 TS 182
709 8714 Pin Uil 0.35 7438 035 s 132
741 8/14 Pin Dil 0.28 M D6 TAI5T 078
748 P 935 W 6T M0 12
3900 oLy 0. 82 065 TAIH 1.20
CA3045 0.85" OPTOELECTRONICS M5 150 T4IE2 120
CA3046 0.50" Deplays Discretes Ta 25 T8 1.20
MC1304 1.56, 704 099 02 Red 013 7447 0.81 74164 083
MC1307P 137 707 099 02 Clear 014 7448 081 74185 083
MC1458P 0.77 727 1.85 02 Green 0.2u TASC 0.83 74167 370
SN75324 2.55 728 185  OCPT 0.80 7451 016 414 106
SNT75451 0.89" 747 1.80 7453 048 Mrs 0.
SN75452 0.89° | 750 1.80 M5 098 TAITE 0.86
1::?‘?3 :-g; - 760 018 74180 123
£ . um 0x e 320
TAASS0 0.45° NATIONAL CLOCK CHIPS uz 0% MW 1N
TAA611812 1.25° MM5314 . €3.78 W3 03 AN 1
TBAS30 1.85° Basic clock chip giving 6 digit display) N4 D32 R 1.9
= Socket . i 0.45 5 047 OB 1.8
MM5316 . €5.25 W 03 A% 184
Sophisticated devucsz ncluding alarm) 7480 0.55 4197 0.8
y Socket for MM5316 ... ... ... 0.80 T84 126 MW 274
TO-3 NPN POWER TRANSISTORS i vid P
FULLY TESTED BUT UNMARKED e 2
SPECIAL OFFER — LM309K
SIMILAR TO 2N3055 except 1ATO3 5V 95p
BVCEOQ>50V HFE>20 @ 3 AMP
REGULATORS T03
for £1 723 048 7818 1.50
5ifor) #5100 TpPesic | wos  13S HARDWARE
: 805 1.5 LM340-1 1.
10 for £1.80 7812 150 (M340.15 138 INC.
20 for £3.40 7815 1.50 LM34018 1.38
: 1 Mica—2
o washers
r ]
; pg— IC SOCKETS Solder TAG
100 for £13.00 8Pn 0.12 24 P 048 e &
14 Pn 0.13 40 Pin 0.830 S Tee
16 Pin 0.34 ) NP i
TRANSISTORS, DIODES, RECTIFIERS
AC126 0.15 BC153 0.8 80183 0.97 87109 1.00 0A90 0.08 2N2484 018
AC127 0.16 BC157 0.09" 8D232 0.60° BT116 1.00 0491 0.08 2N2646  0.50
AC128 0.13 BC158 0.09 80233 048 BU105 1.80° 0ca1 0.15 2N2905  0.18
AC12BK  0.25 BC159 0.0 80237 0.55°* 8U105/02 1.80° oc42 0.15 2N2905A 0.22
AC141 0.18 8C160 0.32 80238 0.60° BU126 1.60° 0C44 0.12 2N2926R  0.10°
AC14tK 028 8C161 0.38 8D184 1.20 BU204 1.80° ocas 0.10 2N29260 0.09"
AC142 0.18 8C1688  0.08" 80Y20 0.80 BU208 2.60° oc70 0.10 2N2926Y  0.09"
AC142K Q.28 BC182 0.1 80v38 0.80 ay206 0.18 oc7t 0.10 2N2926G ©0.10°
AC176 0.16 BC182L  ©.11° B8DY60 0.60 BY207 0.20° 0c72 0.22 2N3053  0.15
AC176K  0.25 8C183 0.10° BDYS1 0.65 BYX36— ocB4 0.13 2N3054  0.40
AC187 0.18 8C183L  0.10° 80Y62 0.55 300 0.12° SC40A 0.73 2N3055  0.50
ACI87K 025 BC184 0.11° 80Y93 252 600 0.15° 5C408 0.81 2N3340 056
AC18B 0.8 8cigaL  0.11° BOY94 214 900 0.18° $C40D 0.98 2N3442  1.20
AC188K 025 8C2078  0.12° 80Y95 2.14 1200 ©.21° SC40F 0.85 2N3525  0.50
AD140 0.50 8C212 0.11° BDY96 4.63 BYX38— SC41A 0.85 2N3570  0.80
AD142 0.50 BC213 0.12" BDY9? 3.93 300 050 SCA1B 0.70 2N3702  0.10°
AD143 0.46 8C213L 012 BDY98 3.56 600 0.55 SC410 0.85 2N3703  0.10°
AD149 0.45 8c214 0.14° 8F178 0.28 900 0.60 SCA1F 0.60 2N3704  0.10°
AD161 0.35 8C214L  0.14° BF179 0.30 1200 0.85 sT2 0.20 2N3705 0.1
AD162 ‘035 8C237 0.16° 8F194 010" azx61 Series TIP29A  0.44 283706 0.1
AL102 0.95 8C238 0.16 8F195 0.10° Zoners 0.20 TIP30A  0.52 2N3707  0.10°
AL103 0.93 BC300 0.34 BF196 0.2 BZXB3 or TIP31A 054 2N3714 1,05
AF114 0.20 BC30Y 0.32 8F197 0.12° B8ZX88 Series TIP32A  0.64 2N3715 11§
AF115 0.20 8C323 0.60 BF224)  0.18° Zerers 0.11 TiP34 1.05 2N3716  1.25
AF116 0.20 ac327 0.18° 8F244 0.17" C106A 0.40 TIP41A  0.68 2N3771 1.60
AFt17 0.20 8C328 0.16 BF257 0.30° C1068 0.45 TIP42A 0.72 2N3772 1.60
AF118 0.50 B8C337 017 BF258 0.35 C106D 0.50 IN2069 0.14 2N3773 2.10
AF139 0.35 8C338 017 B8F337 0.32 C106F 0.35 IN2070  0.18 2N3819  0.28"
AF239 0.37 8CY30 0.55 BFWE0  0.17° CRST05 025 IN4DOT  0.08" 2N3904  0.16°
AU103 1.30° B8CY3) 055 BFX29 0.26 CRS110 025 IN3002  0.05° 2N3906  0.11°
AU106 1.70" BCY32 0.60 BFX30 0.30 CRS120 035 INACO3 0,06 2N4124 0.4
AUI13 1.60° BCY33 0.55 BFX84 0.23 CRS140  0AD INAODA  0.07" 2N4290  0.12
B8C107 0.09 8CY34 0.55 BFX85 0.25 CRS1 60 065 1N4005 0.08° 2NA348 1.20
8C1078  0.09 BCY38 0.50 BFX88 0.20 CRS305  0.34 INACOS  0.09° 2N4870  0.35°
8C108 0.08 BCY39 115 BFY50 0.20 IN4OO7  0.10° 2N4871  0.35
8C109 0.09 8CY70 042 BFY51 018 CRS3 10 04§ 2N696 0.14 2N4819  0.70°
BC109C  0.12 8CY71 0.18 BFY52 0.19 CRS320 0.50 2N697 0.12 2N4320  0.50°
8C117 0.19° BCY?72 012 BFY64 0.35 CRS340  0.60 2N706 0.10 2N43922  0.58°
8C125 a.18 80115 0.55 8FY90 0.65 CRS360 0.85 2N929 0.14 2N4923  0.46°
BC126 0.20° BD131 0.36 BR100 0.20 MJ480  0.80 2N930 0.14 2N5060  0.20°
8C14) 0.28 80132 0.40 BFY39 0.40 MJ481 1.05 2N1131 048 2N5061  0.25°
8C142 0.23 80135 0.36 BSX19 0.16 MJ490  0.80 2N1132 016 2N5062  0.27°
BC143 0.23 80136 0.39 BSX20 0.18 MI491 115 2N1304 020 2N5064  0.30°
8C144 0.30 8D137 0.40 85X21 0.20 MJEI40  0.40° 2N1305  0.20 2N5496  0.65
8C147 0.09° 80138 0.48 8SY95A  0.12 MJE3?71  0.60 2N1711 0.8
BC148 0.09° 80139 0.58 BY106 1.00 MJES20  0.45 2N2102 044
BC149- 009  BD8) 0.86 87107 1.60 MJES21  0.58 2N2369  0.14
8e152 0.25°  8D182 0.92 87108 1.60.  OA5 0.50° 2N2369A 0.14
- = 3 b
P & P 20p per order — overseas 80p. Matching 20p per pair
VAT 8% EXCEPT FOR ITEM* WHICH ARE 12%% NO VAT ON OVERSEAS
Higham Mead, Chesham, Bucks
Telephone (02405) 75154. Telex 837571
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ETI

DATA SHEET——

MOTOROLA

i

A complete SQ decoder system in three
chips. The MC1312P is the decoder and
consists of two high input impedance pre-
amplifiers which are fed with left total, LT
and right total, R, signals. The preamp-
lifiers each feed two all-phase networks
which generate two LT signals in quadrature
and two RT signals in quadrature. The four
signals are matrixed to yeild left front, left
back, right front and right back signals (Lg,
Lg’, RE’, Rp’).

The MC 1314P is a voltage controlled
attenuator, a gain control and balance
adjustment unit for use with any quadra-
phonic system, It has four channels whose
gain can be varied by an external dc voltage.
In addition, the relative gain between
channels can be set by three external dc
voltages. Thus with four variable resistors
the master volume Lg/Rg, Lg/Rp and F/B
balance may be controlled.

The logic circuitry for the system is in
the MC1315P which provides the basic logic
function to enhance the front to back
separation in the CBS SQ four channel
decoding system. This device is designed to
interface with the MC1312 decoder and MC
1314, The MC1315 provides dc logic
enhancement control signals which extend
the performance of the basic SQ system to
the levels desired for top-of-the-line systems,

Power Supply Requirements;
Nominal Signal Level:
Maximum Input Voltage:
Input impedance
Output Impedance
Total Harmonic Distortion

at 1 Hz
Voltage Gain (at quiescent)
4 Channel Volume Control
4 Channel Balance Control

3

2% at nominal input
.0% at maximum input

10

Range 70 d8

Tracking — within 3 dB

—35 dB.at —20 dB gain

Just at the time of writing,
Motorola have announced a
30% reduction in the price of
this chip set.

ELECTRICAL CHARACTERISTICS

Characteristic,

Supply Current Drain

input Impedance

Qutput Impedance

Channel Balance (Lg/Rg)

Voltage Gain Lg/ty or RE/Ry

Relative Vaitage Gain Lg'/L¢', Rg'/LF". Lg'/RF". Ag'/RE’

R input.

Lf' measurememis made with LT input, R’ measurements made w th

Maximum tnput Voltage for 1%THD at Output Rt or bt

Total Harmonic Distortion Ry or LT

Signal to Noise Ratio (Short-Circuit Input Vg = 0.5 V(RMS)
with Output Noise Referenced to Qutput
Voltage, Vol (BW = 20 Hz to 20 kHz}

"Characteristic

(Maximum Gain (Vg 6 V)

Minmum Gan (Vg 0 V)

Gain Spread @ Gan Max

[ Total Harmone Distorton {(V,, '+ 0 4 Vrms, max gain)

Signal/Nowsr Raun (20 Hs 15 kHz Bandwidth] Note 1
Vi - 0.4 Vrms (ref)

‘Channel Separation

iBalar\w- Caontrot Range Vg - 6 0V { Max Gain)

Gan Reduction (Vg - V7g' - 3 12 Vde compared to
Vg V2 060 Vde, Voo 25 Vdc)

Supply Current (max gain) (V0 VI
{min gan) (Vi - OV

Input {mpedance

Output Impedance

Control Current g or 193

Intermodulation Distortion (f 7 kHz, f2 60 H2)

Characteristic

w

Supply Current (Pin 120 @ vy - @
@V 14 Vrms

Input Resistance @ Pin 1,15, 16

Output Resistance @ Pin 3.5

Faraphase Filter Resistance § @in 9, 10

Frant-Back Logec Discharge Resistance ¢ Pin 7, 8

Hias Voltage (10 k to ground) @ Pin 13

Logic Controltnput Current @ Pin 2
Vg Vyzorvy O

Retative Qutput Change

Frant output with Lz or s inputs or back output with Lg or RE nputs

L Phase =
Aot 5] 14 Rg’ Output
= , - _ R Phase
1:;’ o LE’ Output E E} Shift
3.0 Mg ] ~ Network
S0 Ko Lg’ Output E E Vee
0 on
0 d8 '
2 LPhase [4] MC1312p  [11 Rg Output
Shift |
Network [5 h
2.0 VIRMS} l: E RsPh':::e
O %
i LT fnput @ E Network
J Gnd [7 (8] Ry Input
.
Lg/RE
Balance ZGI Vee
7 Lg/Rp
RF Output [z 15 Balance
Tep, . i
10 45 RE' Input E 1__4] Rg Output
0598 B, N
1.0 ¢8 Control | ,
4 E‘]RB Qutput
az Front GF
80 d Le’ tnput [E MC1314F ¥ Control
F’ Input [5] 2 Back GB
60 B
20 e LF Output [g] E] Lg’ Input
14 dB
RS F/B Balance [z T_a] Lg Output
9.6 mA
13 ki <
Voi 8 9
2.0 Ky ° ume[: ; Gnd
20 uh
Tae | S .
RF~’.|nput[I ERB’ Input
Logic . ;
Control L= E LF" Input
Control .
Front GF EGnd
Typ Te2 [4] 3] Bias
71;’ ::i Control (- MC1315pP
In Back GB L° 2] vee
40 ki - 3
50 kst TBI E E AGC
14 Vde
o5 ma Tg1[7] 0] Filter Back
28 wiv Te1[8] 9] Filter Front
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MC 14543CL/P LCD DISPLAY DRIVER

MOTOROLA

The MC1453 BCD-toseven segment.
latch/decoder/driver is designed for use with
liquid crystal readouts, and is constructed
with complementary MOS (CMOS) enhance-
ment mode devices. The circuit provides the
functions of a 4-bit storage latch and an
8421 BCD-to-seven decoder and driver.

In order to drive LCD displays, which
require a non-polarised drive, the MC 14543
has a ‘phase’ input. With a square wave
applied to this pin, the output phase
reverses in step, thus satisfying the require-
ment. To drive common anode LED
displays, Ph input should be held high, and
low for common cathode LEDs. Other

display types can be driven, but with
transistor interface.

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high imped-
ance circuit.For proper operation it is
recommended that Vi, and Vgt be con-
strained to the range Veg <V or Vgyt)
<Vpp.

Unused inputs must always be tied to.an
appropriate logic voltage level {e.g., either
Vgs or Vpp). s

|

LOGIC OIAGRAM 8!

MC14543
Output

Ph

Vss

INCANDESCENT READOUT

Appropriate

Voltage
.-____' — —
D ===
—

i J D . FLUDRESCENT READDUT
. =y s D ; MC14543
_«DH#M 1 M 12d Output O
) , b[\/ ) ”””:75}::,)" } )o—a| >o13e o ] -
+ ~:DW 15 ¢ Vss -
i '—:D‘” ‘
) Filament
] . A_ Vgg or appropriate
ﬁ T = voltage below Vgg.
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_
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ELECTRONICS
’S @ASY! vigital computers

......

PART 33

Fib. 1. Here a digital computer and an analogue computer are combined — the result is known as a hybrid computer.

THROUGHOUT THIS COURSE
we have been steadily building up
sufficient information to enable

discussion of computing machine
operations. What follows is necessarily
an introduction only — computers are
now extremely sophisticated in design
and the manufacturing methods very
specialised. It is, however, quite
important that the operation of
computers be understood by
electronic craftsmen at a general
systems level. This, and the next part,
will introduce the philosophies, the
hardware and the operation of digital
computers from a technical rather
than user-only viewpoint. (Analogue
computers were briefly mentioned in
part 13 — they are still valuable in
some applications but in general,
machine computing is now mainly
done digitally).

WHAT IS A COMPUTER?

Regardless of whether a computer is
digital or analogue in operation its role
is to perform various kinds of
mathematical operations. The
analogue machine cannot perform
logic operations: (unless joined with
a digital computer, in which case it is
known as a hybrid computer — as
shown in Fig. 1) its use is generally
restricted to what are called linear
mathematical problems in which
signals vary continuously and
information is transferred as levels not
as digital codes. Analogue computers
can be very good at such operations,
often better than a digital computer of
similar cost. The digital machine, on
the other hand, (a general purpose
installation is shown in Fig. 2) can

70

perform almost any kind of
mathematical manipulation, however
special techniques are often needed to
solve analogue problems. Analogue
type signals must be sampled and each
sample converted into a digital
equivalent before they can be
processed in digital machines: this is
where the digital machine in certain
applications may be less efficient than
the analogue alternative.

As well as performing arithmetical
operations (called scientific
computing) the digital machine can be
instructed to process or sort discrete
data in digitally encoded form (called
data processing or DP, for short).
Typical computer data processing
operations are the sorting of numerical

data — for example to see hdw many
people have heights of various chosen
values, or the booking of airline seats.
Mixed working, where scientific
calculation and data-processing are
both involved, occurs for example, in
costing out a building estimate, raising
a stock value for a business, or
producing pay-slips. :

Digital computers may also calculate
tables by automaticaily incrementing
the input data between preset fimits.
For example the computer couid be
asked to generate and print the siiies
of ail angles between 10° and 90° at
19 intervals.

We pause now to note that we call
such machines computers not
calculators. The term calculator has

Fig. 2. General purpose digital computer, this centre is used by Lloyds Bank .
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traditionally been used to describe
machines which perform a fixed set of
mathematical calculations. The term
computer on the other hand, is
reserved for those machines which
may be reconfigured by a set of
programme instructions to perform
any particular task. However such
distinction between the roles of
calculator and computer is becoming
increasingly difficult to make. Some
computers are now dedicated to
performing calculator like tasks and
some calculators are now so flexible
that they can be programmed to
perform a variety of tasks.

1

INPUT X 1)>'D¢
ouUTPUT Z
v PROCESS = T —r
@ |
INPUT ¥ TR i
I !
D : SENSING ®
7 k/L/ CONTROLLERS DEVICE
® ! :
! 1
', N r
{ ) i
! s STORAGE !
SET POINT N
[ DETERMINATION LOGIC ANO i
L o ey oy 1§ — [ COMPARISON

Fig.4. Process control
computers are
electromic data

processing machines, CHECKING|
dedicated to a’
specific task. PROCESS COMPUTER

only when the operator gives
instructions there is also the dedicated
machine that, once set internally to
compute or process in a predetermined
way, becomes part of a process. It
helps control by working at the same
rate as signals are generated in the
process — real time working.
Process-control computers, as these are
called, operate on data and perform
calculations as part of many feedback
loops in, say, a chemical plant. Figure
4 shows this use in a diagrammatic
form. Other names variously used to
describe this use are in-line, on-line,
direct-digital-control (DDC) or just
plain computer control. Wherever
automation of extensive complex
process is necessary a computer will

treatment plants, paper manufacture,
natural gas and electricity distribution
networks, satellite control and
powér-station plant operation are but
a few of thousands of in-line
applications. Computers are far more
useful in this task than human
operators — see Fig. 5.

On-line operation (although not
generally agreed upon) is a term:
probably best reserved for cases where
each of many input terminals
connected to a central computer can
gain access to the unit when it
becomes available. This is also known
as time-sharing and is used where the
signal processing rate need not match
the process. The computers used in
banking in Britain operate in a

usually be found -~ waste-water time-sharing mode — bank branches,
Fig. 3. As yet, computers can only .
do what they are programmed to do. [Maghing N Nan

Speed Much superior Lag 1 sec.

fn the 1950s, when powerful ¥ power Consistent at any level 1500W for about 10 sec, 350 W

electronic computers were emerging, for a few minutes. 150 W for
the popular concept was of a machine continuous work é>ver aday
thfat. would soon hsv? thinking q?wer; Consistency Ideal for routine, repetition, Not reliable — should be
of its own - and its own will an precision monitored by machine.
imagination — as depicted in Fig. 3. Complex activities Multi-channel Single channel.
Altl'ti)ou?h we ."l‘USt cogcede such is  } Memory Best for literal reproduction  Large store multiple access.
probably possible one day — no one and short-term storage Better for principles and
has yet gained an inkling into how this strategies
extra facility could be . realised. Reasoning Good deductive Good inductive.
Computers are merely machine slaves Computation Fast, accurate — poor at error Slow, subject to error
that, if working internally as the correction Good at error correction.

designer thinks and intends, will
perform as commanded. The operator
informs the machine of its job via the
programme presented to it. Where the
computer has valuable merit is in its
ability to perform calculations and
process numerical data at rates vastly
greater than a human mind, with
rarely an error, and for hours on end if
need be. It is a tool and no more. To
say the computer accidently sent the
£1,000,000 bill to Bill Blogs is entirely
incorrect. Thes programmer or the
machine did not perform as hoped
through one or the other being
defective in the instructions given or
the way they were obeyed.

As well as computers that operate

Input sensitivity  Some outside human senses, Wide range (1012) and variety

e.g. radioactivity

Insensitive to extraneous Affected by heat, cold, noise

Poor for pattern detection Good at pattern detection.

Overload reliability Sudden breakdown

Intelligence None
Manipulative Specific
abilities

Fig. 5. Fitt’s list summarizes the relative advantages of man versus machine control,

of stimuli dealt with by one
unit, e.g. eye deals with
relative location, movement
and colour.

and vibration.

Can detect signals in high
noise levels,

Graceful degradation.

Can deal with unpredicted and
unpredictable.

Can anticipate.

Great versatility.
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can gain access to the central account
records — a short wait may be necess-
ary. When the computer works on
diverse problems at the will of the
operator and is not used for any dedic-
ated purpose it is said to be off-line.

Originally electronic computers were
huge — several rooms filled with racks
of valve electronic circuits. In the

72

mid-sixties manufacturing techniques
and designs were such that a new style
of less versatile but compact computer
was marketed — the so-called
minicomputer. Figure 6 shows but one
kind of mini-computer system
employed to control a process by
providing instructions as needed. (It is
not used in closed-loop as this process

does not feed data back to the
computer).

We do not use the word "’generation”
in connection with the minicomputer
because that term is used in computer
jargon in two distinct ways. It may
describe the hardware used — first
generation computers use thermionic
valves and ordinary cable wiring, such

Fig. 7. Compact electronic
computer systems become
reality when valves were
replaced by solid-state
components. This single
plug-in unit, from a
Pegasus computer of the
50s, would today have

its entire function made
on a pinhead in LS/
technology.
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as shown in Fig. 7, second generation
machines use discrete transistor
circuits on printed-circuit boards, third

generation machines wuse
integrated-circuitry and the most
recent, about to emerge, fourth

generation computers use large-scale-
integration LS! manufacturing
methods — A fifth generation computer
is yet to emerge as an accepted concept.
The other use of ‘““generation’” is in
describing the system interconnections
—~ the philosophy of system hardware
philosophy of system hardware
interconnection and style, and
capacity of the store involved.

A HISTORY OF COMPUTING
MACHINES

Intertwined with the development of
machine operated logic (studied at the
beginning of Part 24) was the gradual
increase in sophistication of
computing machine systems.

Earliest devices were simple
calculators based on mechanical
concepts. They performed simple

addition, subtraction and sometimes
multiplication and division, doing this
without the ability to store or hold
values other than inputs and computed
output.

Space does not permit extensive
description of this history — see the
reading list for that. Figure 8 shows
the style of the first calculating
machine of the ““modern’ kind. This
performed arithmetic addition and
subtraction only, by mechanically
manipulating interconnected counting
wheels and was probably made by
Pascal in 1642, In 1671 Leibniz
modified the same mechanism (see
Fig. 8) to obtain multipiier action,
producing his own design calculator
much later — in 1694. Because
mechanism manufacture at that time
was crude indeed — all parts were
individually hand-crafted — the
Leibniz machine was not reliable even
though the concepts involved were
sound. Improvements in mechanical
manufacture had to occur before a
routinely - useful gear and crank
calculator could be built (by de
Colmar in 1820). Thus, through these
and many other gradual improvements
to method and manufacture, the scene
was set for grander ideas.

A major advance was made by
Babbage. Charles Babbage was born in
Devon, England. In 1792, he became a
Professor of Mathematics at
Cambridge University and had a
consuming passion for mechanical
machines that could perform far more
advanced mathematical onecrations
than any previous apparatus. His first
machine, shown in Fig. 9, was
devised to solve differential equations
by calculating differences. This was his
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Fig. 8., Pascal’s calculator of 1642 used
stripped gear toothed-wheels to produce
acarry to the next decade: The Leibniz
machine made use of the stepped wheel.
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“Difference Engine’’ of about 1812. in
1833 he conceived a second, quite
different general-purpose engine — the
so-called “"Great Calculating Engine”’.
In principle, it could do any
mathematical operation by following
instructions programmed into it by the
operators. It could 1ilso make
decisions, on what to ao next, that
were based on its just calculated
results.

Babbage used punched-cards for
input information (a reasonably logical
choice in view of the many repetitive

industrial processes using this control
medium at that time), a memory
{which he called “‘the store”), a
number processing section {called the
mill), a means of transferring results to
and from the store, .and automatic
output (as cast type ready to print). It
was a grand machine having ability to
store 1000 fifty-digit numbers in its
store. {t even had overflow indication.

The intended power supply was
steam. Sadly, Babbage's engines were
not proven in practice in his time;
those built were either not completed
or proved too unreliable. Manufacturing
methods were still incapable of
maintaining the tolerances needed — it
was a classical example of a concept:
waiting for the requisite technology.

Complicated mathematical equation
solving in the 19th and very early 20th
century was performed on other kinds
of special purpose mechanical
calculating devices. The planimeter,
which determines area under a curve,
was devised in 1814, the mechanical
ball-and-disk integrator was deviced in
1876 (by Lord Kelvin's brother). With
these and other basic
mechanical-function solving ideas,
Lord Kelvin and others put systems
together that carried out specialised
calculations. Kelvin produced a tidal
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Fig. 9, Babbage’s difference
engine of circa 1812,
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Fig. 10. This relay-switched digital calculator was built by Zuse in Germany in 1936.
{{This photograph has been included because of its historical interest — unfortunately

the original print is of border-line quality).

amplitude and phase predictor for
sea-tide forecasting around 1874.
Later in 1898 Michelson (of speed of
light fame) worked with Stratton to

produce a mechanical harmonic
analyser.
Special-purpose mechanical

calculators were still in use in the
1940s. During World War |l, for
instance, gun crews fed data
concerning range, direction and wind
strength into computers by which the
correct aiming information for the gun
was computed.

Today a few equipments still
perform simple operations by
mechanical means for in applications
where electrical power is not available
and the inputs not in electrical form it
may be more economic to use
mechanical methods.

With the advent of electronic
amplification at the turn of this
century electronic circuitry gradually
replaced mechanical mathematical
functions. This was feasible because of
the superior speed of calculation,
reduced manufacturing tolerances and
greater reliability of electronics. The
swing to electronics was intensified by
the need to process an ever increasing
amount of data that arises in, tor
example, more complex equation
solving, census taking, or warfare.
Hollerith devised the punched-card
sorting machine to help handle the
U.S. census data. This device won an
1890 competition organised by the
U.S. Government.

Electric computers using the same
basic system that we use today became
reality around 1936 when Zuse, in

74

Germany, built the relay-switched'

digital calculator (shown in Fig. 10).

This machine featured automatic
computing, binary arithmetic, floating
decimal point and punched-tape
programming. In 1937 the USA's IBM
Corporation began development of a
machine called the Automatic
Sequence-Controlled Calculator, or,
locally, just Mark i.

The trend toward total electronic
working continued. ENIAC, generally
recognised as the first all-electronic
computer, had 18 000 valves and could
operate at 500 additions per second.
This was followed, after many other
developments, by the first production
computer — the Remington Rand
UNIVAC . It has been estimated that
all computers installed in the U.S. in
1955 could-do just 250 000 additions
per second. Just one low-cost mini can
do that today.

In 1959 a U.S. refinery installed the
first process-control computer system
and in 1960 a large steel corporation
in U.S. was the first to use a computer
to carry out inventories, handle orders
and control production. Airline
booking by computer began in 1964.

Integrated circuits (in the third
generation machines) came into use in
1964 via the IBM 360 system and by
1970, in the U.S. alone, roughly
1000000 people were employed
in making and using digital computers.

Single chip, fourth generation
machines came to reality around 1972
with the use of LSI. Today (or at least
when this was written early in 1976)
pocket scientific calculators containing
over 30000 transistors in LSl form

can be purchased for less than a week's

‘wages. In 1974 the world market for

small calculators was estimated to be
40 million! The cost of modem
computers is now governed by the cost
of the peripheral bits and pieces rather
than the processing unit itself — the
cost of the electronic components is
now just a minor part of the whole. @

Further reading

Two books, already referred to in Part

22, are relevant, these are:

“A Computer Perspective”’, C. and R.
Eames, Harvard University Press,
Massachusetts, 1973. (This is a
definitive work on the development
of data processing equipment from
1800 to 1940).

“’Electronic Computers - Made
Simple”, H. Jacobowitz and L.
Basford, W.H. Allen, London, 1967.
{Although out of date with respect
to certain aspects of hardware this
provides a valuable basis for technical
understanding of both analogue and
digital computers. It also explains the
arithmetrical operations).

“Introducing Computers”’, M. Laver,
HMSO, London, 1973. (A version
compiled for wusers with a little
technical knowledge. It discusses
programming procedures).

“Computers at work” J.O.E. Clark,
Bantam Books, London 1973 (A

most useful book on where
computers are used).
""Electronic Computers’’, S.H.

Hollingdale and G.C. Tootil, Penguin
Book A524, Harmondsworth, 1965.
(A fine layman’s summary of
analogue and digital computers
including a lengthy chapter on what
sort of jobs computers do).
Computer programming is zovered’
in many texts and booklets. One
example is:

‘"*Elements of Computer
Programming”’, K.P. Swallow and
W.T. Price; Holt, Rinehart and
Wilson, New York, 1965.

ALGOL language began to emerge in
1958 as a step toward a universal

computer lJanguage for scientific

working. COBOL is the commercial
counterpart. Relevant books are:

"Basic ALGOL"”, W.R. Broderick and
J.P. Barker, IPC Electrical and
Electronic Press, 1970.

“A Guide to COBOL Programming”’,
D. McCracken, Wiley, New York,
1970. o
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HIECH NI CAINBOUKSIHROMIENT

' CALCULATORS

99 WAYS T0 KNOW ANO USE YOUR ELECTRONIC
CALGULATOR

L. Frenzel

‘ SCIENTIFIC ANALYSIS ON YOUR POCKET
CALCULATOR
Semith £8.25

COMPUTERS AND MICROPROCESSORS s

BEGINNERS' GUIOE TO COMPUTER LOGIC
G. Stapleton £1.95
Grasp quickly computer codes digital logic ops and switching cucuns

COMPUTER CIRCUITS ANO HOW THEY WORK

B. Welis £1.80
Became acquanted with the various patts ui 2 compuler and s
technology

COMPUTER TECHNIGIANS HANDBOOK

B. Ward £3.25
This gant volume compares to a 1 000 hour course on computer
mecharics

CONTROL ENGINEERING

N. M. Moms £3.70
This 1s the 2nd edition of a highly successiul book keaping tully abreast
of developments i control engineering

OIGITAL ELECTRONIC CIRCUITS AND SYSTEMS

N. M. Monis £2.60
The wdeal book for the enthusiast contused by logic and dgnal
technigues

MICROPROCESSORS
L. Altman

Gives a general ovarview ot the technology design ileas and pracueal
apphcation

MICROPROCESSORS £8.00
D. C. McGlynn

Technoingy Archiecture and Appheations This introduction provides a
clear explanation of this important new device

WICROPROCESSORS AND MICROCOMPUTERS
8. Soucek
Descaibes the apphcation programning and witerfacing technigues
€omMmOnN 1o all rucroprocessars

‘ELECTRONICS

ACTIVE FILTER COOK800X
D. Lancaster £8.95
Everything you need 16 know 1 buid and use active hlters

£11.75

£15.90

ELECTRONIC ENGINEERS REFERENCE BOOK — 4th EDITION

L. W. Turner £25.60
A completely new and up-to-date. reference book for all engineers and
students

BASIC MATHS COURSE FOR ELECTRONICS

H. Jacobowitx £1.76
Quick short cut way to learn the language of maths as apphed to
electronics

BEGINNERS GUIDE TO ELECTRONICS
T. L. Squires £2.55

Short cut for those wishing 10 obtain a quick acquamtance with modern
electronics

BEGINNERS GUIDE TO TRANSISTORS
J. A. Reddihough £2.55
Covers the basic theory and practice of modern ransistors

DESIGNING WITH TTL INTEGRATED CIRCUITS

Texas Instrumaents £8.!
Covers the entire famity of TTL and pracucal apphcations of circuits in
digital systems

‘ELECTRONIC MEASUREMENTS SIMPUIFIED
- Halimark £2.10
Covers just about every concervabie test or measurement you will nged

ELECTRONICS POCKET BODK
P. McGoldrick £4.15

ELECTRONICS ANO PHOTOGRAPHY

R. Brown

Pracucal circuit projects devoted to photography
ELECTRONICS SELF TAUGHY

J. Ashe £2.20

Covers basic princeples of electronics nciudes a targe number of simple
circuits

ESSENTIAL FORMULAE FOR ELECTRICAL AND ELECTRONIC
ENGINEERS

N. M. Morris £1.20
' Handy reference book includes a section on S1 units resistor colour
codes and preferred values

HOW YO 8UNLD ELECTRONIC KITS
V. Capet £2.10

{nstructs the kit budder on how 10 check componems. how to assemble
and how 10 cure taults

‘FIRE AND THEFT SECURITY SYSTEMS
8 Wels

£2.20

£1.90
Selection and nstatfation  home maintenance and Lusingss seturiy
devices

HANDBODK OF IC CIRCUIT PROJECTS
4. Ashe £2.30

From hi-b circunts to complete chgual counters i a sinyie package

HOW TO REAO ELECTROMIC CIRCUIT DIAGRAMS
8. Brown £1.85
Everything you need (o know trom bask circun components ¢
integrated circuits

ELECTRONICS TODAY INTERNA

HOW TO BUILD PROXIMITY DETECTORS ANO METAL LOCATORS
J. Shields £3.25

A pracucal doat yoursel book

HOW TO USE (C CIRCUIT LOGIC ELEMENTS
J. Sreater £3.25
Helps those unfamibar with digial logic citcurts s

INTEGRATED ELECTRONICS £71.60
J. Miliman o
Using an IC approach the text feads the reader step by step froo
senuconductor physics 10 devices. models cicuits and systems

1C OP-AMP COOKBOOK

W.Jung * £8.75
Covers the basic theory of IC op amps 1n great detas! alsu includes 250
practical crewt apphcanons

INOEXED GUIOE TO MODERN ELECTRONIC CIRCUITS

R. Goodman £2.25
Practcal Schematics with cancrse theory and  troubleshooting
nformation

INTROOUGING ELECTRONIC SYSTEMS
1 Sinclair

Provides a basic insight 1mto what makes elecironics ik

P75

INSTALLING AND SERVICING ELECTRONIC PROTECTIVE
SYSTEMS £2.10°

H. Swearer
LOvers instaltation and servictng of Al electroniC secunty systefns

LINEAR ELECYRONIC CIRCUITS ANO SYSTEMS
G. Bishop £2.55

lilustrates the use of the op amp 10 many different apptications

UINEAR INTEGRATED GIRCUIT APPLICATIONS

G. Clayton £4.90
A pracucal approach is emphasised throughout encouraging the reader
tor try out devices himself

LINEAR IC PRINGIPLES EXPERIMENTS ANO PROJECTS
E. M. Noll

An introtuction to one of electronics Most exciling devices

£6.20

110 OPERATIONAL AMPUFIER PROJECTS FOR THE HOME
GCONSTRUCTOR

R. M. Marston £2.85
Outhnies the essential charactenstics of op amps and présents usefuf
projects

}:Ill,i SEMICONDUCTOR PROJECTS FOR THE KOME CONSTRUC-

R. M. Marston £2.85
Introduces the reader to FET s SCR s and 10 s with full construction
detans of many useful cireuits

CON!
R. M. Marston £3.10

110 INTEGRATEG CIRCUIT PROJECTS FOR THE HOME
CONSTRUCTOR

R M. Marston £2.85
All the projects have been devised built and fulty evaluated by the”
author

110 THYRISTOR PROJECTS USING SCR's
R. M. Marston £2.85
A companion ta the author s previous books

110 COSMOS DIGITAL IC PROJECTS FOR THE HOME
STRUCTOR

MOS DIKITAL IC'S

G. Fiynn £4.50
This book contams nformation about MOS and CMOS fram basic
LORSIrLEhon 16 ercwt application

gPERA)IIGNAl AMPLIFIERS DESIGN AND APPLICATIONS {Burr
rown

G. Tobey £7.30
Cavers the entre field of aperational amptifiers

PIN POINT YRANSISTOR TROUBLES IN 12 MINUTES

L. Garner £2.85
Complete ifformation on circurt operations troubleshooting charts and
service procediunes

PRACTICAL TRIAG/SCR PROJECTS FOR THE EXPERIMENTER

R. Fox £2.15
Thyrstor theory and practal ciftuis with low cost SCR TRIACS and
DIACs

PRINCIPLES OF TRANSISTOR.CIRCUITS

S. Amos £4.40
Generally accepted as beny a standard texthook on fundamentat
principles underlying the design of circuds and usinNg transistors

RAPIO SERVICING OF TRANSISTOR EQUIPMENT

G. King £2.85
A systemant guide ta the servicing of ransisior radio. television 1ape
and bi-fi equiprment

SEMICONOUGTOR CIRCUIT ELEMENTS

T. 0. Towers £6.00
Gwes readers an account of all semiconductor devices commercally
avaiable tor each device 1t covers a general descoption crrcust diagram
symbals and working principies

SOLID STATE CIRCUIT GUIDE BOOK
B Ward £2.15
Step by step structiens to design circuts (0 youl bwn specifications

TRANSISTOR CIRCUIY DESIGN
Texas £9.25

TTL COGKBOOK

0. Lancaster £6.00
Compiete and detaled guide to TTL how it works howy to use it and
prachical applications

UNDERSTANOING ELECTRONIC GIRCUITS

R. Sinclair £4.00
Descnbes various ercuits encountered today with a strang emphafts on
fault inding and servwing procedures

UNOERSTANDING ELECTRONIC COMPONENTS

R Sinclair £4.00
Explains about components and bridges 1the gap between elementary
wxtbooks and unapproachable advancet! treatments

UNDERSTANDING CMOS INTEGRATED CIREUITS

‘R. Melen £3.50
Begins with basic digital IC s covers semiconductor physics CMQAS
fabrication technology and design

UNOERSTANOING SOLID STATE CIACUITS
N. Crowhurst £1.80¢
Written to service the interests nf anyone at sub-engineening level

ELECTRONIC ORGAN BOOKS ~=meemememnen

TRANSISTOR ELECTRONIC ORGANS FOR TNE AMATEUR

A. Douglas £4.90
Writtenin a simple style this gives a complete explanation of everything
10 do with ansistorized organs and is profusely Nustrated with clear
dragrams

THE ELECTRONIC MUSICAL INSTRUMENT MANUAL

A. Douglas £8.00
A comprehensive guide to the theory and design of electromc musical
nstruments

ELECTRONIC MUSIC PRODUCTION
A Douglas £3.10
A practical gurde to the production of electionic music

SEMICONDUCTOR DAT Awmmsssmmmsisssmemsi

POPULAR VALVE/TRANSISTOR SUBSTITUTION GUIDE £2.15

Substituion data Jor both valves and transistors in one new volunie

RADIO VALVE AND SEMICONDUCTOR OATA

A. M. Balt £2.50
Charactensucs of 1 000 vaives - cathode ray tubes. Tfansistors. diodes
rechfiers and opucal semi-conductors This new edition (1975} s nght
up to date and over 450.000 copies have been soid

RADIO AND TELEVISION cermrmmmmeorass

FOUNOATIONS OF WIRELESS AND ELECTRONICS

M. G. Scroggie £4.35
(New 1975 editron) Covers the whole basic theory no previous technical
knowledge 15 assumed

SERVICING TRANSISTOR RADIOS

L. D Airo

Complete guide qiving theary analysis and servicing techmques
WORLD RADIO TV HANDBOOK—1978 £5.00

Complete Directory of internauonal racha and tetevision and this year
contains. How to listen to the world’

£2.30

TEST EQUIPMENT AND OSCILLOSCOPES==

BASIC ELECTRONIC TEST PROCEDURES

L. M. Gortlist £2.35
Shows how 10 get accurate measurement with VOMs meters ana
oscilloscopes

THE OSCILLOSCOPE
G. Zwick £2.16
Starts Irom the first pinciples and 1akes the reader to an advanced ievet

PRACTICAL TEST EQUIPMENT YOU CAN BUILD
W. Green £2.15
For technicians. rado ' TV service operators and seqious cxpenmenters

RADIO. TV AND AUDIO TEST EQUIPMENT

G. King £4.95
A practical guide 10 1est instruments and applications concerned targely
with the pscilloscope

TEST INSTRUMENTS FOR ELECTRONICS

M. Clifford £1.65
Easy’ modifications 1o your VOM/VTVM and scope with the aid of this
baok

WORKING WITH THE OSCILLOSCOPE
A. Saunders
Includes warkshop test projecis with large size drawings

SERVICING WITH THE OSCILLOSCOPE

G. King £5.00
Includes a uniaue senes of photographs showing oscillescope traces 1o
be found in normat and fawlty equipment. slerec radio. colgur TV
Crrcunts servicing 1s dealt wath

HOW T0 OROER

All prices arw correct at the time of Qoing 10 press but are subject o
alteration withou! notice. Al prices include postage. Plaase print your rame
and address clearly and list aach titte and price ssparately. Chegues and
posial orders should be made payadte to ET! Book Service. Books ars sent on
seven days” approval against a lull cash remittance. plus poslage Book stock
18 nat Reld at E¥V's London offices and orders shouid be sent to ET! BOOK
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SORRY ALL 35R0'S NOW SOLD :
CREED 5 LEVEL COMBINED PRINTER AND PERFORATOR

MARCONI TF675F
WIDE RANGE
PULSE GENERATOR

+ /- variable outputs up to 50V.
Optional delay. Small compact unit.

THE LATE MODEL
MARCONI
OSGILLATOR TF885A/1

in superb condition covering 25HZ to 12MHZ
sine wave in 3 ranges and 50HZ to 150KHZ
square wave. High output 31.6V Meter scaled
in volts and dBs.

NEW CRATED £35 each

CREED 5 LEVEL
PAPER TAPE READER
£25 each

£5 discount on any pair plus FREE carriage. Otherwise £2.50 carriége each item.

£40

MARCONI TF1106

NOISE GENERATOR
4 ranges 0.5, 0-10, 0-15,
0.30.

CREED 7B
TELEPRINTER CRATED

each

COMPRESSOR/
VAGCUUM PUMP

Twin Cylinder opposed with Integral
VaH.P. 220/ 110V 50HZ Single Phase
Motor. Tested and guaranteed.

INDIVIDUALLY
ACCESSIBILITY.
shelves and lists.

TRANSFORMERS — All 240V 50HZ
inputs

Type A. 170-17V 250 MA; 7.5.0-7.5v
250MA; 0-20V 5 Amps; 0-4v 5 Amps;
0-1-1.5V 5 Amps. £2 each, P&P £1.26.
Type B 17-0-17V 250MA; 8-0-8V 250MA;
0-12.5-13.5V 5 Amps; 0-1.5-2V 5 Amps.
£1.50 ea. P&P £1

Type C 19-0-19V 250MA; 8-0-8V 250MA;
0-7.5V 5 Amps; 0-1.4V § Amps. £1.25 ea.
P&P £1.25.

Type D 34V 4 Amps; 19V 4 Amps; 17V 4
Amps. €3 ea. P&PE1.25

Type E 3V 1 Amp. 25p ea. P&P 50p.

Type G 20-0-20v 200MA: 0-6V 100MA
75p ea. P&P 75p. Atlantic series.

Alil Brand New. (APT surplus types A, B, C &
D: Honeywell surplus type E; Recordacali
surplus type F; Parmeko Atlantic Series type
G).

ONLY £10 EACH
Stabilised Power Supply. 240V 50HZ input.
Qutputs — 15V @ 10A; +15V @ 4A — 4.5V
@ 12A — 21,5V @ 15A. Size 16 x 20 x 9"
Auto overload trips on each voltage rail with
push button resets. Many OTHER POWER
SUPPLIES — call and see.

#POT PACK. All Brand New Modern. Single
and Ganged, our choice. 7 for 25p. P&P 48p.

SEMICONDUCTORS — All at 8p ea. ., P&P
extra. Guaranteed all full spec. devices.
Manufacturer's markings:

BC147; BC158; 2N3707; BC107; BF197;

BC327; 2N4403; BC172B: BC2618B;
BC251B; BC348B, BC171A/B; 2N3055RCA
50p ea. P&P 8p.

2N5879 with 2N5881 Motorola 150 Watt
Comp. pair £2 pr. P&P 15p.
wlinear Amp 709 25p ea. P&P 8p.

ALL ITEMS £22.50 EACH

SPECIAL OFFER — PICK ANY 3 FROM 4 for £60

CARRIAGE £2.50 each or £5 for 3

PRICED ITEMS

VARIACS 240V input 0-270V output.
8 Amp £18 ea. 20 Amp £30 ea. Carr. extra.

BNC Plug to BNC Plug lead, assembled ready
to use 75p ea. P&P 20p.

Ex-eq. BNC Socket 15p. BNC Plug 20p. BNC
Piug & Socket 30p pair. P&P 15p.

TUBES. All Brand New Boxed,

Electrostatic deflection.

Type 40BA 12" dia., 7¥2'" long. Blue Trace
£2.50 ea. P&P 75p.

Type CV1526 {3EG1) 3’ dia. £3. P&P £1
Type DB7/36 3’ dia. (Replacement for
Telequipment S31) £12 ea. P&P £1.50.
Type 5BVP1 5% dia. PDA, X, Y Llow
Capacitance Side Pins. Green Trace £5 ea.
P&P £1.50.

Type GEC 924F 3% dia. (Replacement for
Telequipment D33 & Solartron 1016 scopes)
£30 ea, P&P £1.50.

Type GEC 924E 3V:*' dia. (Replacement for
Solartron 1015 scope) £20 ea. P&P £1.50.

NEW — UPGRADED CONTENTS - FOR
LESS MONEY

#3Ib Electronic Goodies £1.60 post paid.
*High Value Printed Board Pack — hundreds
of components. transistors, etc. — no flat 10
the board transistors £1.65 post paid.

VERY SPECIAL PRICES
%1000t Feed thru Capacitors 10 for 30p.
P&P 15p.

*BEEHIVE TRIMMERS 3/30pf. BRAND
NEW.

10 oft-40p P&P 15p; 100 off £3.50 P&P
75p: 500 off £15 P&P £1.25; 1,000 off £25
P&P £1.50.

15cm at £9 ea.

FOR THE VDU BUILDER. New stock of Large Rectangular Screen 30 x 20cm tube
Type M3B at the ridiculous price of £8 ea. And also still available the CME1220, 24 x

CUSTOMERS — WE ARE INCREASING THE AREA GIVEN OVER TO
IMPROVED THE
Every week hundreds of fresh items are added to our
We are sure you will find a visit to us worthwhile.

AND HAVE

fine condition. Sorry, now £27.50 ea.

MARCONI TE142F DISTORTION FACTOR METER giving percentage distortion on
a directly calibrated dial and includes ait spurious components up to 30KHZ £37.50 ea.
AVO TRANSISTOR ANALYSER CT446 £30 ea.

MARCONI PORTABLE FREQUENCY METER TF1026/11. 100 to 160MHZ. Very

DECCA NAVIGATOR DISPLAY UNIT. Very impressive. £12.50 ea.
PRECISION SIGNAL GENERATOR. Type 62. Ex-Mimstry. 110-150-MHZ. £15 ea.

HIVAC Miniature NEONS

App 60V. Brand New. 10 off 20p.

P&P extra.

*Meter PACKS — 3 different meters £2, P&P
£1.

DON'T FORGET YOUR MANVALS. S AE
with requirements.

GRATICULES 12 X 14 c¢m high quality
plastic 15p ea, P&P 10p.

*CAPACITOR Pack. 50 Brand New com-:
ponents, only 50p. P&P 48p.

*TRIMMER PACK. All Brand New. 2 Twin
50/200pf ceramic: 2 Twin 10/60pf ceramic;
2 min. strips with 4 preset 5/20pf on each; 3
air spaced preset 30/100pf on ceramic base
25p the iot, P&P 15p.

RESETTABLE COUNTERS. 4 digit by
Stonebridge/ Sodeco 1000ohm coit £2 ea.
P&P 35p

*POTENTIOMETERS — All 5p ea. P&P
extra. Meta! bodied AB Linear. PCB Mount.
Brand New. 10K single; 100K ganged; 250K
ganged; 100K ganged. concentric shafts.

FIBREGLASS BOARD PACK. More board
— less money. Larger pieces Not less than
2.5 sq. ft. for 95p, P&P 65p.

Double or single sided cut to any size. New
Lower Price 1p per 8q. in. P&P extra.

LARGE RANGE ELECTROSTATIC
VOLTMETERS, from 0-300V 2 £3; to
250KV Max.

Generat guide 5KV 3%:"" £8; thereatter £1 per
KV. P&P 75p.

MARCON! TF1101 Audio Oscillator. 20c/s
to 200kc/s. Low distortion. 60dB step
attenuator, £45 each.

MUFFIN FANS 230 volt. Size 5 X 5 X
1%"*. Superbly quiet and reliable Ex.-eq. but
tested £2.50. P&P 75p.

*SPECIAL OFFER

Guaranteed full spec. devices. Manufacturers
markings.

BC 204 & BC 207A 4p ea. P&P extra.

+TELEPHONES

Post Office Style 746. Black or two-tone Grey
£6.50 oa.

Modern Style 706 Black or wwo-tone Grey
£4.60 on.

older BLACK Style £1.50 ea.

All telephones complete with standard dial
and bells. P&P all styles 75p ea. Handsets,
complete with 2 inserts and lead £1.75 ea.
P&P 65p

ROYAL INVERTORS manufactured USA.
28V DC input. Output 115V AC 400HZ up to
2KVA. Brand new Crated £12.50 each

HONEYWELL MAGNETIC TAPE UNITS

Self-contained, complete with heads, magnetic tape, leads, etc.
' Tested.

Carriage paid. FROM £65

NOW AVAILABLE

Various punches, tape reader, low
voltage power supplies, card frame,
modular cases, etc. Lists available

76

779 ARTHUR ROAD, READING, BERKS. (

Minimum Mail Order £2

. Excess postage refunded

Unless stated — please add £2.50 carriage to all units

VALUE ADDED TAX not included in prices — Goods marked with * 122 % VAT, otherwise 8%
Official Orders Welcomed. Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

Open 9 a.m, to 5.30 p.m., Mon. to Sat.

rear Tech. Co

King’s Road). Tel. Reading 582605
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ELECTRONICS

AND NOW THE LINEAR MPU?

THE MICROPROCESSOR GREW
from the requirement for a general
purpose digitai logic handling sys-
tem, in eighteen months or so that
requirement has caused the growth
of a sackful of different devices. Now
two new types of technology look as
if they could do the same for linear or
digital/linear applications.

~The first of these new techno-

logies is called bi-MOS or bi-FET and
these usually have bipolar outputs
and matched field-effect transistors
at their inputs. This means that the
devices have input bias currents that
are typically 1,000 times lower than
those of bipolar only chips, also they
respond more than 10 times faster,
offer broader bandwidths and have
lower noise figures. The difference
between bi-FET and bi-MOS is that
bi-MOS is easier to produce but has
problems like diode protection
requirements on the inputs to guard
against static and they have slightly
worse noise and drift characteristics
than bi-FETs.

Most of today's mixed-process
linears are operational amplifiers but
other types of devices are beginning
to appear with our old friends
Nationa! Semiconductors leading
the field at present with a list of
op-amps, instrumentation ampli-
fiers, comparators, analogue
switches and sample and hold cir-
cuits. Motorola is getting in on the
act with a quad op-amp where each
amplifier in the package will have a
10MHz bandwidth, atabout£15 per
package it will ook expensive but the
savings in associated circuitry could
be vast. The problem which most
manufacturers seem to be having is

TOMORROW
by dJohn Miller-Kirkpatrick

in deciding which direction to take
from here, with so many combina-
tions of technologies possible on one
chip the range of possible products is
enormous, so if they don’t have what
you want at present they probably
will have within the next eighteen
months. With RCA working on a
bipolar/CMOS op-amp and Siliconix
using bi-MOS in a 3% digit A-D
converter the days of standard
hybrids is coming to an end and the
day of the linear MPU is coming; just
imagine what you could do with

bi-polar and MOS linear and digital

circuits on one chip!

According to National, bi-FET
processing, besides being more
complex than straight bipolar tech-
nology, requires 5 to 10 times more
die area than the equivalent bipolar
function. As a resutt bi-FETs will
always cost about 15% more than
the bipolar equivalent, if there is a
bipolar equivalent.

MORE BITS IN ONE BASKET

Signetics Corp, a division of Philips,
have recently announced a new
technique which may help to cut
back the requirements for additional
die area mentioned above. Consider
a standard bipolar or MOS memory
or shift register, each data byte is

- defined by eight data bits (or ten or

sixteen) each of which could be in a
logic ‘0" or "1’ status. With the
advent of bus structured systems a
third (TRI-STATE) output was
required which had a very high
impedance state and thus followed
the status (‘0" or "1°) of any other
data connected to that bus. TRI-
STATE is however simply a third
alternative output state, any data

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1977

inside the memory, buffer or gate is
still stored in binary for the simple
reason that the memory transistors
can only be in an ON or OFF state;
with my knowledge of transistors
even | can see that a transistor
system can hold a current level
which is between ON and OFF.

Signetics have announced that
they have built and tested some
non-binary circuits which could
increase the processing capability of
bipolar LS! some 4 to 10 times, with
figures of 1000 times being mut-
tered for the future. The firms first
muitivalued circuits use integrated
injection logic and current-mode
thresholding for a four-level system;
eight, ten or sixteen level logic
systems are also practical. In such
systems, metal conductors carry
either O, 1, 2 or 3 levels of current
with resultant savings in pin counts
and die area.

So far as | can gather, the
technigue is simply to adjust the
outputs of the input transistors so
that one set of transistor outputs are
connected together to form a
weighted version of the input, this is
virtuaily a digital to analogue con-
verter. The ability to discriminate
from several input thresholds is
derived from binary based ECL. It
differs because I’L requires a’
conversion from current to voltage
at its output. This conversion is
adapted from operational amplifier
circuits that use current-mirroring
techniques to produce a current that
varies linearly with the applied input
voltage. "

To test the concept Signetics
have built several commercial iCs
that have threshold function gates
with binary inputs and outputs for
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connecting to external binary
circuits but with multi-level weight-
ed summing and detection circuitry
internally. As an example of the
savings possible the 8X04 FIFO
memory uses such gates to deter-
mine whether the memory was ',
V2, % or completely full. If ordinary
TTL or even I’L had been used at
least 4000 transistor devices would
have been required; with this new
technique the transistor count was
cut drastically — to four!

Put a few design engineers into a
lab with the concepts of bi-MOS,
multi-level logic and a few thousand
dollars and we could have some
very nice toys to play with in 1977
or 1978!

POSITRONIC BRAINS?

The positronic brain was invented by
Isaac Asimov for his robot stories; it
has never been built or even defined.
Now that you can buy 16 Kilobit
dynamic RAMs that allow a 256
Kilobyte memory to be built on a
PCB measuring 16" x 18'" and 4 or

8 Kbit ROMs in 24 pin packages the
idea of a positronic brain is now not
so far-fetched as it might have first
seemed to Dr Asimov. Apparently
there is no restriction on the possible
size of RAM or ROM chips except
package pin-count and production
yield, the former has a practical limit
of 40 pins but the latter can mean
that a 256Kbyte memory with one
bit faulty means that the whole
device is faulty. Assuming that yield
problems could be overcome can we
look forward to a 40 pin package
containing as much RAM as
possible? With 40 pins using 8 bit
common 1/0 pins, a single power
supply and two pins for chip select
(TRI-STATE output enable) and
READ/WRITE control we are left
with 28 pins for addressing. If we
assume that binary addressing
rather than multi-level circuitry is
used this gives us a possible RAM or
ROM size of 256Megabytes. At
present this is impractical because of
the die size which would be
required, but the promised savings
of up to 1000 times in area our 256

MBYTE memory could be feasible in
a few years’ time. Even if we are
prepared to come down to using a
24 or 28 pin package we could stil|
look forward to one-chip memories
of 16 or 256Kbyte in the not too
distant future. Commercial com-
puters at present have memory sizes
in the range 16Kbyte to 1 or 2Mbyte
on-line with several multi-megabyte
random-access storage systems for
data which is not permanently
required in main storage. These
commercial CPUs have the capabili-
ty of doing several things at the
same time as well as doing any one
thing correctly, repetitively and at
very high speeds. With this sort of
software connected to our future
hardware the feasibility of building a
robot brain is likely to become reality
within the foreseeable future. It is
now up to the mechanical engineers
to perfect the artificial limb techno-
logy to the same point and suddenly
a few hundred Science-Fiction
stories could become Science-Fact
stories or pre-written history books.

facility for reduced separation on weak stations
Sensitivity:
Signal to noise ratio

£64.95+H (order code 991-940)

Modern styling, ease of construction and modular assembly go to make this
kit extremely good value for money. Features push-button varicap station
selector with manual over-ride, stereo decoder, with mono over-ride + “mix’

1.2V for 26dB quieting
67dB typ. (400uV input)

Frequency range 87.5—104MHz
Stereo separation: 40dB at 1KHz
Distortion 0.5%

DORAM KITS CONTAIN
EVERYTHING DOWN TO
THE LAST NUT!

o

flashing display.

complete

“DELTA"
.GENUINE TEAK OR PERSPEX CASE

DELTA DATA: 4 Radiant Red Y inch high LEDs. 12 hr display with
AM/PM:-indication. Beautiful Burma Teak Case or Pretty Perspex
in White, Black, Blue, Red, Green. Power failure is indicated by

'MODULES: Kits can be bought without case

READY BUILT: Buy a working tested module and fit your own case.
Non Alarm £9.50. Alarm £13.00. Or put it with our case parts @
£4.32 and save on complete clock price. X
Complete Clock ready built. 2 yr. guarantee.. Non Alarm £13 60

ALARM FEATURES: Pulsed tone. Tilt operated 10 minute ‘Snooze’
period. Single switch setting. Optional extra mercury switch (45p)
allows Alarm reset by tilting clock. Digit.
automatically controlied to suit lighting level.

DIGITAL CLOCK KITS
o  TEAK CASES
INON ALARM £10, 65 157

ALARM  £13.43 .: 00

including P&P

Non Alarm EQ.OOI
Alarm£12.50 incl.

Alarm £16.50

brightness is

Built & Tested

Module - Plus £' ' .00 incl

4 Glowing Green
¥'* High Digits

O'seas orders—add 15% for P+P. All items offered for sale subject
to the Terms of Business as appears in Doram Edition 3 catalogue,
price 60p. The Doram Kit brochure is also available, price 25p.
Combined price only 70p which also entitles youto 2 x 25p vouchers,
each one usable on any order placed to the value of £5.00 or more
{ex. VAT). '

Q}RAM ELECTRONICS LTD., P.0. BOX TR8, LEEDS.LS12 2UF

An Electrocomponents Group Company

OFFER 12 or 24 hr. Non Alarm Perspex Case
NOVUsS 650 . £540 4510 . £16.20
. CALCULATORS: 850 £6.75 6030 £21.60
~ "Send payment with order. S'a.e. Tor complete range of clogks, calculators &

components

"“_ PULSE EII:-Ili_g'.I'RONIGS

DEPT. E3, 202 SHEFFORD ROAD

CLIFTON, SHEFFORD, BEDS.
Telephone: Hitchin (0462) 814477
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NEW FROM AMERICA

SUPERBLY STYLED QUALITY
LIQUID CRYSTAL DISPLAY
WATCHES FROM FAIRCHILD

TIMEBAND 5 + 4 functions. CONTINUOUS
READOUT of Hours, Minutes and pulsating Seconds.
Single Command button; push once for Month /Date —
auto reset to time, twice for Seconds — continuous run
until reset.

* PLUS automatic 28, 30. 31 day calendar. Backlight
for night-time. Optional continuously alternating
Time/Date disptay. AM/PM setting indicator.

Announcement

Electronic
Construction
Kits for 1976/77

H High contrast LCD display visible in bright sunlight. The
best looking watches we have seen under £100,
Fairchild LCDs self in jewellers” shops for up £80.
TC 411 Base Metal/Stainiess Steel £29.50
TC 410 Gold Plated ... £32.50
On Leather Strap

TC 413 Base Metal/ Stainless Steel .... £34.50
TC 412 Gold Plated ... ... £37.50
Matching adjustable bracelet i

NEW LOW PRICE FOR OUR LED
GALA 6 + 3 functions

At the touch of a button — Hours, Minutes, Seconds,

Day. Month and Date. * PLUS automatic 28, 30, 31

day calendar, Auto Hold and Fadeout, AM/PM setting

indicator. Available in Stainless Steet or Gold Plated,

with §/S back and matching adjust. bracelet. Sold

elsewhere at £22.90. OUR PRICE £17.50.

: AF 2% Mixer

AF 30 Pre ampltier

AF 300 3 watt audio amphifier

AF 310 3 Poawst amplifier

AF 3401 40 watt AF power amphifiar

Af 380 2 watt IC umversat amphiteer

AT 324 Automiatie hght controt

AT 30 Photo-cell amphtier
Trar AC regulator up to 440w
Taae AC tequiator up 1o 2200w
Alt-round AC DC regutator

AT 325 Intervat ang Hasher vt

AT 347 Ciecnome Raulette

Al IS Light show

No moving parts to wear out, clean or oil. Accuracy to a very few
secs/month. We believe our prices are the lowest anywhere and
INCLUDE VAT at 8% and P. & P. Free battery/s. No quibble one
year guarantee. Offers subject to availability.

Send cheque /money order to:
TEMPUS Dept. ETI, 5-7 Norfolk Street
. CAMBRIDGE CB1 2LD. Tel: 55094

A LOT OF TIME FOR THE MONEY

AT 205 Low cost lntht heat control
AT 60 Monglite
AT 465 Supethine
AT G Strobolin
AL OB Quadtolite
GF 304 Main cirgent ar
ae o Hi Fopre ampht
GP 340 Hy Frpre ampid e
G330 Guitar tremet
HE 61 Diwode mediam wave tecewer
HE B M vansoutter Signob testasy gencraion
HE 305 Arateor bond 2onenre VHE TAAMM, converter
W30 FM tner
HE 325 2 FManer modalr
HE 330 Stereo drcader
y HE 475 M EM rever
i HE AR5 VHE UIHE acnal amplities
ol 02 b FF 395 Actal amphfeer AM.EM
Boct. ige. CON/Tache nz 3z LiN} ml T 75t ™1 .28 1 F 38 At Stereo
<Car Norm n ] Sp (U D = - fod M1310 Streo VU modub
frteas AL I prid I = = 4 Mi ‘3‘ {) S mnter madute wihfie
Fowr ixer @1 005A (Y] ator Com. i = o 35 mite adute minphfier
Saper Sres a3 "5 £1.8 larwior Norm o~ = Mi 360 Mubtvibrator . signal Geneoator
100W Gaiter 43 413 L1 Digitat Alarm Clock Timirealz 5017 £1.24 LIt modrde (merer notinelnded)
Master Mixer 04 A £1.14 = - £1.68 MU module {frueter not i laded)
:;g gss; Sicycie Spesdemeter ~ - o ME 392 Balance modute {meter nov ineluded]
q NEW BOARDS ME393 Tuming module (meter not mchaded)
Same s s :}:2 g:: Lagic Prade 120 I £1.01 tMAEA02  Semconducind tester for tdiodes, - Transeon,
The Over LED, a 4 oty Logic Puisar 2 12t £1.0y NT 300 Power pack itransformer oot mctuded)
-hangp. 419 419 y ugie Toster 12 i3 E2.08 NT 311 Valtige conyete
Wt 420 Four C/Amp. -] 4z Ty | Cmes Tesisr 13 124 [ NT 315 ot pack
o I~ 1234 = j NT 330 Power pack
O | ELID | Yewe Barsl Gesarater 124 oo - ol O .
200 .10 fudie Minl Voltmater T 128 o NT[ 308 ::nwm s.upp:y {ransformer not vy ludaed)
Dicrete S Decoader 4206 Vi 3 £1.54 Tomporslars Moter 1% 130 £1.00 N 1 ower supply
A2 Seree w 22 @2 268 Actve Crossover 23 an .18 g NT A4 Power supply transtormer nat erctuded)
I 2 2 5 e turp an | £ NT 305 Voltee Conueite
S Reverd. Unit 24 a2 £1.62 pa . 0
Shros Rumble Filtor s ey oy o 3 13 [iR!]
g Equaliar & a €079 ::. Expendsr = - % :
Colowr Orgas ) L] .10 Please enclose 25 for PRP wih ardey
Sife | 8 8| R =k | s|m
‘.ﬂ.:.‘ - - | cacwrec sioy tca ] 5% 0900 e — P g——
[ Lot 508 ott ™~ m""‘ Besarster M ‘9‘: £1.00
o . 5 to B 1
il B vl | R om | B8 Send for Free Catalogue to:
o - - % COrossever Amp. = 15638 2.3 o
Low DHE. Thermestal - - o s s
Digta Stog Wotch 28 200 | 205 | Fepeuard Mot = = -4 5 ...
R || et Z |z JOSTY KIT [UK] LTD.. Mail Order Division
Low Coat Lasar 524 24 £1.3 5 sin | oo .
Push Buttne Dismer 527 52 F 5 w2 | o 0. 0
P W I I - - “ | ex P.0. Box 68, Middlesbrough, Cleveland TS1 50
52 . Base Byeater = o 245
Tosy. Costrolier 530 530 % | Opical Comaumications - 2u N AME
Posts Timer 632 532 8% {Both PCY's) E T T T T
Digita! Display 3 % d
Ordars of h‘u tan ‘[SVOO i'uul Orders anly. nlllnry‘u-l approximalely 3 wesks [ ADDRESS L I R R
Large quantity orders — éiscount by aagetiation. All P.LR. s prices iscivis hr sl VAT )
ity o wdrsdeapichad wide s vk »
CROFTON ELECTRONICS LTD. I
35 Grosvenor Road, Twickenham, Middlesex Tei. 01-891 1923
e i e e e i §
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DORAM KITS CONTAIN

THE LAST NUT!

SOW PA /GuicarAMP
2%

Especially designed for general purpose use with guitars, PA
systems etc. This amp will provide 50 Watts RMS into 8 ohms with
harmonic distortion level as low as 0.15% = Robust case and load
fault@ro}ection contribute tothe rugged design, which incorporates
an 1C mixer/pre-amp (giving 2 separate inputs) and a thermally
compensated power amplifier. Overall freq. response (—3dB) is
15Hz to 100KHz with sensitivity 30mV for full output and 52dB

sig. to noise ratio.

£29.95 +H VAT (Order 997-011)

AMBIT international dept 85)

EVERYTHING DOWN TQ|

O'seas orders——add 15% for P+P. All items offered for sale subject
to the Terms of Business as appears in Doram Edition 3 catalogue,
price 80p. The Doram Kit brochure is also available, price 25p.
Combined price only 70p which also entitles you to 2 x 25p vouchers,
each one usable on any order placed to the value of £5.00 or more

(ex. VAT)
DORAM ELECTRONICS LTD., P.O. BOX TR8, LEEDS LS12 2UF.
\ An Electrocomponents Group Company

Learn to understand
electronics

for your hobbies

1. Lerna-Kit course

Step by step, we take you through all the funda-

mentals of electronics and show you how easily the

subject can be mastered.

(1) BUILD AN OSCILLOSCOPE.

(2) READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS,

(3) CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK.

2.Become a Radio-Amateur

Learn how to become a radio-amateur in contact
with the wide world. We give skilled preparation for
the G.P.O. licence.

[~ B B N N B BN B N |
Brochure, without obligation to:
BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL

P.0. BOX 156, JERSEY, CHANNEL ISLANDS.

NAME
i

i HBDBRESS —BLOCK CAPS
K N FE N N N N N N ‘- T Iy
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The Dynamic Twosome: Signalmaster/ Audiomaster
After- long and thorough deliberation, we are proud to
announce a new unit from Larsholt - the Audiomaster.
As ever, the instructions are designed to lead the unwary-
and the inexperienced- through point-to-point steps that
culminate in a professionally styled and finished amplifier
to complement the Signalmaster FM tuner. Price £79.00
e ' Power: 25+25W RMS
THD: Less than 0.3%
Dynamic range: an
exceptional 80dB

[l (Signalmaster shown on top
of the Audiomaster)

The Signalmaster Mk.8 is equally simple to assemble, and
results reflect the superb Scandinavian styling and careful
electronic engineering. £85.00.

. W M ¢ <7, International Mk.2:
- ~ * A choice of tuners

for the more exper-

inced constructors.

A chassis, cabinet and front panel designed to be used with
a variety of electronics inside. The standard set, with the
Larsholt 7253 varicap FM tunerset, plus all necessary parts
to complete costs £65.00. Alternative modules for the signal
processing stages are available for the more advanced F.M.
radio enthusiast/constructor. (EF5800/7030/91196)

EF5800

From left to right, the EF5800 6 circuit varicap FM tunerhead. Two }
MOS RF stages, both with AGC control, and an ultra stable oscillator.
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08%, muting,
AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx
decoder and combined birdy filter. Mono THD 0.05%, stereo sep.
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet.
EF5800.....£14.50 7030.....£10.95 91196....£12.99 (Built).
Overall performance of the three module$ when correctly assembled:-
30dB S/N at 0.85uV input. 60dB at 5uV. THD 0.09%. AFC holds
THD below 0.2% over 400kHz if required. AGC effective over a
90dB range. Image rejection -90dB. Noise floor -73dB.

Components: Coils, ICs Filters, etc.

Radio ICs: {and modules) Goiis and filters:-
CA3089E/HA1137W FM 1.94 AM IFTs TOKO

CA3090AQ mpx 3.75 YRCS/YHCS types(10mm)0.30
MC1310/KB4400 mpx 2.20 7MCS types (7mm) 0.30
HA1196 mpx 4.20 FM IFTs:-

HA1197 AM radio 1.40 KACS/KALS types(10mm)0.33
TBA120AS FM (F 1.00 94A types (10mm) 0.30
TBA651 AM radio 1.81 AM filters:-

UA720/CA3123E AM rad 1.40 CFT types ceramic {455) 0.55
LM380N 2W Audio 1.00 CFU type ceramic (470) 0.60
TBABl0AS 7W Audio 1.09 SFDA470 types {470} 0.75
TCA940 10W Audio 1.80 FM filters:-

TDA2020 20W Audio 2.99 CFS/SFE ceramic (10.7) 0.50
LM381N stereo preamp 1.81 SFE6MA (TV sound) 0.80
LM3900 Quad amp 0.68 3132 linear phase - 2.25
78M12-20-24 voit reg ea:1.20* MPX 19&38kHz notch
NES550A variable reg 0.80* BLR3107 (4k7 imp) 1.75
TAAS50B varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75
NES560/2B PLL IC ea:2.50 23 or 36mH chokes 0.33
NES61B PLL IC - 3.50 Tunerheads: (& tunersets)
NES565A/567Vv PLL ea:2,50 EF5600 5 gang varicap 12.80

810k kit for TBA810 amp2.75 EC3302 3 gang varicap 5.50
2020k kit for 2020 amp  9.35 8319 (Larsholt) 12.00

92310 kit for mpx decoder5.35
7020 kit for 3089 FM IF  6.65
971197 kit for varicap AM

radio tuner . 9.65
7700 built TV sound tuner 27.00

7252 tunerset complete 26.00
7253 stereo tunerset 26.00
Standard transistors also kept in
stock - see lists for further detail
and price information.

Terms: Vat extra, 12.5% unle

ss marked *, which is 8%, all

complete tuners require £3.00 for packing and carriage. The

standard P&P rate remains at

22p per order. Catalogue 40p.

Phone (0277) 216029 (After 3pm please). SAE for free price lists.

Write to:

37a High Street
Brentwood, Essex : CM14 4RH
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100,000 MEGOHM DC PROBE!

The input current of a junction FET,
usually less than 1nA, flows out of the
gate, and is constant at a particular
temperature, provided the voltage
across the device is constant. By
making the gate positive to the source
this leakage current can be made to
flow back into the device, reducing the
input current almost to zero.

FET A should be a low loss,
Vp device (ideally Vp should be about
05V). FET B must be somewhat
higher but is less critical, the bargain
pack is usually a good source of such
devices. Forward bias should be about
150mV and current through the FETs
about 400mA.

The mercury cell holds the voltage
across the input FET constant at 1.5V
(1.35V plus 150mV) and the silicon
diode in the op amp’s negative lead
prevents the cell from discharging
when the power is off.

By adjusting values in the potential

INPUT
low

MERCURY CELL

&

i -
-

TO +ve RAIL

27k +3V

METER

_?_=ov

SILICON DIODE

TO —ve RAIL

divider it is possible to achieve input
currents within a few picoamps either

0 —gv

L

way and to measure the voltage on a

“small capacitor without changing it.

SUBSTITUTE CABLE CLIPS

A project involving large amounts of
interconnecting wiring between units
requires cable ties or lacing cord to
organise them. Purpose designed poly-
thene ties retail at about £2.16 per
100. Polythene — PLASTIC-TIES for
gardeners, for plant stems at 36p per
100, are available.

The tie consists of a serrated tail on
the end of which are two slots for
engaging the serrations after encircling
the bunch of wires. One slot (A) will

permit the tying of bunches of wires
from 6—28mm in 2mm steps. The
second alternate slot (B) will enable
wires from 10-32mm diameter to be
secured. Use of both retaining slots
simultaneously will result in a figure
8 configuration, thus securing two
bunches of wires alongside each other
~— their maximum diameter being 10
and 16mm. A hole which will accept
an 8BA bolt is present at both ends
of the tie, and the ties are re-usable.

_E_JM -- -
.ML:‘

‘WARMTH’ INDICATOR

The sensing element used was a therm-
istor, attached to the outlet which is
warm when the pilot light is on. A
rod-type thermistor was used for
cheapness, with a resistance of about
3k @ 200C, but a bead type would
work as well and with a faster response
time.

Two gates of the 7400 provide a
Schmitt trigger with a low hysteresis:
(determined by the 18k feedback
resistor} and the third gate inverts that
output. When the pilot light is on, the

» —p}
22uF -2V 1N914
T 1%

A B
\
SA
+5V

AAA.

_i" LEDI 2
‘b

<3300

<

ALL [Cs % 7400

o—

input of IC1 is high, IC3 output is
logic 0 and LED2 (green) is on. If
the pilot lights fails, the temperature
falls, all 1Cs change state, LED2 goes
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8k

off and LED1 (red) comes on.

The temperature at which the
changeover takes place is set by the 1k
preset.




MPU BITS
SC/MP Introkit: 256 bytes RAM, 512 byte PROM with
KITBUG debugging program, needs TTY device for

operation . ... ............ ....... £92.50
SC/MP SCRUMP!: 256 byte RAM, 16 switches, LEDs,
" and interface chips on 5%'' x 6'' PCB. Requires
simple power supply or batteries .. . . £64.81
SC/MP Chip: with data sheet . . . £18.50
ME6800 Kit: Uses 6800 MPU. Requires TTY £135.00

FS Kit: Mostek F8 MPU, requires TTY. . . . £165.00

MM2112 256 x 4 bit RAM . £4.30

2513 Character Generator, u/c ASCII . £9.00

HARDWARE

Power Supply: P197 gives S5v at 2A, —5, —12v,
suitable for many MPU systems, P197 Kit £15.50

Keyboard Kit: 55 keys, upper/lower case options, KDP
5 Kit £42.00
Printer: 40 column dot matrix printer with interface
for parallel ASCIt input. PR-40 kit . . . . . £225.00

Floppy: SAB00 or SA801 floppy disk drive, disks and

interface, built, not kit . . . . ... .. . . £625.00
Minifloppy: SA400 mini disk drive, disks
and interface, delivery end of year . . . £495.00
BOOKS, DATA
SCRUMPIData. . .. ........ . % . 75p*
SC/MP Technical Description. . .. .. ... ... £1.95°
SC/MP Programmers Guide . . . . . .. £6.30
6800 Data (Xerox) . .. . . .............. 75p°
F8 Data (Xerox). .. . ... ... ... ..... 75p°

(*Free with appropriate kits)

CONSULTANCY

Bywood would be pleased to quote for hardware?
software solutions to your design problems.

GET HUNG UP!

Our new range of clock kits is based on designs
hundreds of years old. These clock kits use wood,

stone and

iron to

ments our fully electronic clock kits.

PRICES (All inciusive)

Gathic Clock Kit—Diam. 6% ___
Rotating Dial Kit~Diam. 6"
Wrought-lron Kit—Diam. 5%" _
Wooden Whee! Kit—Diam. 612"
Knight Clock Kit—Diam. 7"

0ak Foliot Kit—Diam. 14"

KIT

_ £23.95
£19.95
. £46.35
£31.50
£39.50
£89.50

(As illustrated)

For coloured Brochure please send 15p stamps
‘Completed clocks can be seen at our offices.

SCRUMPI

Bywood's evaluation kit for SC/MP. Kit contains MPU chip. 256 x 8 bit RAM, 2 4.bit 1/ 0 latches, 24
LED lamps and drivers, 16 data and control switches, all sockets, all associaled components, PCB and
cable. The switches aliow you to program the 256 x B-bit RAM and then execute the program in that
RAM., several operating modes allow for ease of programming and testing. SCRUMP! can be extended
to address up to 64K bytes and can easily be intertaced to other RAM, PROMEAROM. Keyboard,

VDU, Printer, etc. Requires +5,

--7v at 200mA .

PRICE INCREASES!!

Some prices have aiready risen, buy now at these old prices before increases due early in 1977.

CLOCK CHIPS
NATIONAL

MM5309 7 seg + BCD with reset

MM5311 7 seg + BCD

MM5312 7 seg + BCD. 4 digit only

MM5313 7 seg + BCD

MM5314 7 segment

MM5315 7 seg + BCD with reset

MM5316 Non-mpx alarm clock

MM5318 7 seg + BCD {external digit sefect)
MM5371 Alarm clock 50H2

MM5377 Car clock, crystal controiled, LCD
MM5378 Car clock, crystal controlled, LED
MMB5379 Car clock, crystal controlied Gas discharge
MOSTEK

MK50250 Alarm clock {12Hr+60Hz/ 24Hr+50H2)
“MK50253 Alarm clock (12Hr+ 50Hz/24Hr+ 50H2z)
MK50204 Stopwatch/ Calculator -

MK50395 UP/DOWN Counter—6 Decade
MK50386 UP/DOWN Counter—HHMMSS
MK50397 UP/DOWN Counter—MMSS.99
CALTEX
| CT7001 Alarm/calender. 7 segment

CT7002 Alarm /calender BCD

CT7003 Alarm /calender 7 seg. Gas discharge
CT7004 Alarm/calender 7 seg
GENERAL INSTRUMENTS

AX5-1202 4 digit 7 seg.
AY5.1230 on-off - alarm, 7 seg

MHI CLOCK KITS
19 MHI-50396

MHI-5309 5 MHI-50397
MHI-5311 5 MHI-7001
MHI-5314

MHI-5318
MHI-5378
MHI-50250
MHI-50253
MHI-50204

+ packing)

SOCKETS
18 pin
24, 28 or 40 pin

MHI-50395

82

MHI CASE Picase include 25p post
2 95

Soldercon strip sockets

19.50
19.50
13.00

ALL PRICES EXCLUDE VAT AT 8%

reproduce authentic
worlde’’ wall clocks in full detail. The kits contain all
you need including glue, screws, etc.;
comprehensive instructions.

and very
This range comple-

£125.00

“‘olde

BUILT

£36.50
£32.50
£69.50
£45.25
£62.45

£64.81

BYWOOD ELECTRONICS
68 Ehberns Road

Hemel Hemupstead
Herts HP3 9QRC
Tel 0442 62757

DISPLAYS
1-9
LITRONIX
DL707, 704, 701 1.48 CLOCK MODULES
DL727. 728, 721 3.75 MAT002F {12 hr) or MA1002H (24

DL747. 7486, 750 2.45

LITRONIX CLASS 11 PRODUCTS
DL707E, 704E 0.70
DL727E, 728E
DL747E. 750E

1.80
1.50

CASES (WITH PERSPEX SCREEN)
VERO 1 8" x 512''x3"
VERQ 2 6""'x3%"'x2% "

hr) with Alarm and Clk/Rad features

MHI DISPLAY KITS

1-9
MHI-707/4 (digit) 0.3" 6 60
MHI- 70776 0.3" 950
MHI-727/4 0.5 8 50

PAYMENT TERMS

Module only £7.95
MXT101 Transformer £0.90
Vero Case £3.00
Mod + Ttmr + Case £11.75
Complete Kit £13.00
} £2.95+25p P&P
MHI-727/6 0.5" 12 00
MHI-74774 0.6" 980
MHI-747/6 0.6" 14 70

Cash with order, Access, Barclaycard (simply gquote your number and sign}
Credit tacihities to accredited account holders. Pro-forma invoices can be issued.

Please send 20p for post and packing.

ALL PRICES EXCLUDE VAT AT 8%
(EXCEPT MECHANICAL CLOCKS AS ABOVE }

BvtOUD

BYWOQOD ELECTRONICS
68 Ebberns Road
Hemel Hempstead
Herts HP3 9QRC
Tel 0442 62757
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tech-tips

CLOSE TO
COUNT

SN74390

LED COUNTER ~

The astable multivibrator is used to
generate pulses which operates the
four integrated bistables. The 7490

L]
270R_1270R J 270R
; 7%
16 8 4

gives a binary counting sequence
and the 7490 gives a BCD count.
This circuit is very useful for testing
the IC's.

2k7

W

—_— 100uF

™M a4 TuF
e n‘ o
LIPS ¢

ANY SiLICON
DIODES CAN BE
USED

ie. TIN4148, 1N914

INTENSITY

Jo e

i

W

l Y )
GUITAR Fuzz '

The input signal is amplified by the
two transistors. The distorted output
is then clipped by the two diodes
and the high frequency noise is
fitered from the circuit via the
500pF capacitor. The 1M pot

+Vee

INPUT

adjusts the intensity of the fuzz, but
this tends to make the unit oscillate,
s0 a 33k resistor is put between the
input and ground to stop this. When
the pot is at minimum intensity the
unit may be switched off to allow
normal playing.

triggers here

rd

Trl
BC182

Tr2
BC182

5u$

— T

Tr3
BC182

RISING EDGE TRIGGER

The diagram shows a method of
triggering a conventional monosta-
ble on the rising edge of a short
negative-going pulse. The addition-
al transistor, TR1, provides good
isolation between the output pulse
and the triggering circuitry. The
circuit shown gives a pulse of Susec
duration, but of course the usual

design formula v = 0.65 RC can be
used to determine circuit values for
other pulse widths.

One slight disadvantage of this
circuit is that the collector of TR2 is
held down by the triggering wave-
form, so the switch-on of TR3 is not
regenerative. For this reason the
falling edge of the output pulse is
not as fast as it might be, but is
sufficient for most purposes.
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MULTIPLEXER IMPROVED

In the June edition of ETI| Tech-Tips,
there is an idea for using a multiplexer
for implementing arbitrary logic funct-
ions. Although the suggestion is quite
feasible, in some cases it can be im-
proved on.

To demonstrate the idea, consider a
logic function, with three variables A,
B, C and an output Q, represented by
the truth table as shown.

If the two most significant bits, in
this case B and C are used to drive
the select inputs of a four input
multiplexer {eg. % 74153}, then the
above logic function can be imple-
mented as follows:- Levels 0 and 1 of
the truth table will select input O of
the multiplexer. By comparing bit A
of the input, with the required output,
it can be seen that they are similar.
Thus A should be connected to input
0. Similarily, levels 2 and 3 will select
input 1. In this case, Q is the comple-
ment of A and thus A should be
connected to this input. Levels 4 and 5
will select input 2, and as, in this case,
Q is low, this input should be tied low.
Conversely input 3, which is selected
in levels 6 and 7 should be tied high,
as the output in this case, is high.
Naturally, if the multiplexer used has
only a complementary output avail-
able, then the outputs should be
accordingly complemented.

This idea can quite easily be
expanded to 8 and 16 input multiplex-
ers, whether they be of TTL or CMOS
type. The advantage compared with
the idea in the June edition is that the
capacity of a given multiplexer, used
for logic function implementation, is
effectively doubied.

SELECT

L= OO =-—-00OWw
~0O=0-0~o0Op

==L OO0 a0on




CONTINUOUS DISPLAY LGD WATCHES

UNIQUE ALTERNATING DISPLAY FEATURE

The watch continuously displays HRS. and MINS. with MONTH, DAY and SECONDS on demand. The owner
selects the feature where the HRS. and MINS. or MONTH and DAY display alternatively for 2 second intervals
until owner resets to normal display. During the alternating cycle seconds are still available on demand.

**Finest American MOS technology Watch

. he
**Quartz accuracy. pgpatehe

with matching Gold

**Multi-function: ;
5 plated bracelet, in
Hrs., Mins., Month, Day, Seconds. presentation box

Alternating display Back-light. ; ; ;
Programmed 28, 30, 31 day months. ‘gcl)t)}ll(let ”;iltéug&l;rr}
A.M./P.M. indication for ease of antee. Model 1113-10

***datg setting is also available in a
All important: UK factory stainless-steel brace-
manufacturing and servicing let.
facilities. : - .

N .
CHRISTMAS OFFER VALID e e oo e L, Wegmp Cnemilr .5%
o ic, Lee Instrumentation Ltd., Newport, Gwen
TO DECEMBER 3'3‘. 1976 ' Print — FREEPOST — no stamp required.
Price £34-30 l Please forward (aty) model _____at

NOW £27.50
incl. VAT & P&P

12z

Watch Division, Lee Instrumentation Ltd.
Bedwas, Newport, Gwent NP1 8YZ

TEL. (0222) 885756-7-8. TELEX: 497084
Reg. No. 639437. VAT Reg. No. 133 8154 80

each | TOTAL £

1 enclose ¥

Name ... ... I L . - cheque ___
Address . . ey Mgy oh W ..+ postal order___

.... 213 5 E » ... ..money order___.

Signed. . . . . e g Al & AT g b »
_Barclaycard/Access no._____

N -
]
N IR BN BN BN B BN B BD BN BN B O O Ay BB e

ETI DIGITAL MULTIMETER KIT DMKI

This kit has been specially made available to ETI readers, and comes complete, down to the last screw.
All you need is a few spare hours and some tools. The result will be a superb piece of test equipment that
will be of invaluable use to the serious constructor or test lab.

* High accuracy, spec as in project
Sy text.

Special Note: e b * Designer approved kit.
This kit has been produced _ 5 _ A
in conjunction with the : ; : * Silk screened panel with all
designer and author of L lettering.
the project in the October i * Test leads, prods, etc., supplied.
issue of ETl as ; : i :
several parts are * Asssembly instructions included.
not normally available,

or specially manufactured. * All parts available separately.

PRICE

Please allow 21 days for delivery g —
£65-5“ 59 NORTH ST., LEIGHTON BUZZARD, BEDS.

ORDER FORM

* A demonstration model can be seen

working at our electronics centre. Full Inc. VAT & )
list and specifications. Send s.a.e. POSEQG Please supply 1 DMK kit
please. (UK)

Name . . . -

B H COMPONENT FACTORS LTD. Address

LEIGHTON ELECTRONICS CENTRE
59 NORTH ST., LEIGHTON BUZZARD, BEDS. LU7 7EG
TEL: 2316 (STD 05253)

GOVERNMENT & EDUCATIONAL ORDERS ACCEPTED y
GIRO NO. 331 7056 - ACCESS & BARCLAYCARDS ACCEPTED .. Access of B/card Nol | |

I enclose cheque /PO fort
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The circuit is comprised of three parts
{i} the differential temperature sensor
(ii) a differential amplifier to provide
gain (ili} a switiching circuit to
monitor the output from the different-
ial amplifier.

Two diodes D1 and D2 are used as
probes for the sensor. A small preset,
RV1 provides fine adjustment of the
current through each branch so as to
give zero differential output between
D1 and D2 when they are at the same
temperature. .

A gain of 500 must be provided at
the differential output to provide a
useful voltage to switch the LED’s
(....ie IV corresponding to 19C.} RV2
provides fine adjustment of the gain
-and RV3 adjusts the CMRR.

A potential divider network is set
up by RV4, R9, R10, RV5 to provide
the necessary switching voltages for
the voltage comparators, thus enabling
LED? or LED2 or LED3 for voltages
set up by RV4 and RV5 ..ie.. -3V and
+5V,

SETTING UP

1. Adjust offset-null on all Op. Amps
for zero output by connecting
input terminals together and taking
to ground and adjusting either
RVE, RV7 and RVS.

. Adjust CMRR for differential amp-
lifier by shorting input terminals
and connecting to +15V line, then
adjusting RV 3.

. Apply probes D1 and D2 to a
liquid, say at room temperature,
and adjust RV1 until there is zero
output across collectors of T1 and
T2.

1 is prepared to consider circuits or ideas submittead .
readEe-::s :‘01? th‘:s page. All items used will be paid for. Dr.faw
ings should be as clear as possible and the text should pre :‘::
ably be typed. Circuits must not be subject to cop'_\’(rglgw.s
ttems for consideration should be sent to ETI TECH-

’ N
t‘eICh-t}l s Electronics Today International, 36 Ebury Street, Lomdon
) SWIW OLW.

'DIFFERENTIAL TEMPERATURE SENSOR AND ALARM SYSTEM

o- ¢

R3

8ALANCE|

A,
YAav1

>
>
>

RV3A SET CMRR

.

1v/oC DIFFERENTIAL

|_— ourpuT

-

yoa

HIGH FAIL (> 50C)

i

LEDY

1
D3

Rv?

%4
LED2

LOW FAIL {<~30C)

<

}

RESISTORS
R1

R2,R3
R4,R10,R13
R5,R6
R7,R8

R9

R11,R12
PRESETS
RV1
RV2,RV3

COMPONENT LIST

2.2k
10k

B8C108

1N4004

1N914

miniature RED
miniature GREEN
400mwW,3Vv3

741

RV4,RVS
RV6,RV7,RV8
TRANSISTORS
T1,T2

DIODES

D1,D2

D3,D4
LED1,LED2
LED3

D1

3 Operational Amplifiers

4. Apply probe D1 to a liquid at a
temperature 100C different from
above, then adjust gain control
RV2 until there is 10V at the diff.
amplifier output. The CMRR

should again be set.

5. Adjust RV4 and RVS so that the
comparators switch at —3V and
+5V corresponding to ~30C and
+50C,

7400 SIREN
The siren consists of two oscillators
which generate the tones. A third osc-
illator is used to switch the others on
and off alternately, giving the two
tone effect

By changing thr capacitor values
different tones can be produced.

7800

d U :] Voo
@ : .
:] nN

D out
7 ™
1]
:] ouT

TOP VIEW

0.3uf 0.1uF

l (2
0.1ufF
4k7 ak7

f 80 ~ 15002

PIN 7's OV
PIN 14’5 +5V
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ROTEX

Emmen Holland

SPECIAL

cvs= T PODUCTION
% OFFER

RX-6

RX-6

2 METER RECEIVER 144-126 mcss

Order no. 02.003

With VFO tuning, so that you can listen to all 2 meter
transmissions.

Sensitivity : 0,8uv
Bandwidth v 15 kHz

Built-in S meter ;nd foudspeaker

22% 2} x6,5¢cm
10.7 Mc/s and 465 ke/s

Power Supply
Dimensions

MINI 2 METER RECEIVER i4s-145 mess

Order no. 02.006

This receiver has the same electronic modules built-in as
its bigger brother. The mini, h 7 its foudspeak
in the base of the set. Indispensable for those who want
to pass the examination to get a license.

'n both RX-6 Receivers there is enough space to build-in
the RZB-6, the ROTEX 2 meter 6 channels transmitter
module with bullt-in FM modulator, crystal controlled
oscillator, 48..... Mc/s, FM modulation, output approx.
0,5 Watt, output imped. 50-70 Ohm. Completely built
moduie, dim. 15x7 cm, exclusive X-tals.

Order no. 06.308.

FREQUENCY
COUNTERS RFC-30 AND RFC-250

Terms of Business
Prices are excl. VAT, C.W.O,

A professional frequency counter with up to 4 measuring
ranges to resp. 30 and 250 Mc/s. Indication by 6 clear
8 mm cipher LEDS. Count- and overflowindication by
green and red indicator LED. Max. iriput voltage 200Vrms,
input sensitivity till 10Mc/s better than 250mV. Crystal
time base 1 Mc/s. Accuracy * 1 digit * time-base stability.
Power suppli 220V 50¢/s. Dimensions: bxhxd t6x8x25cm
Weight: 1,2 kg. Double side plated through epoxy print has
been used.
This real quality with 12 months guaranty at the best price
i special designed cabinet which can stand up-
right and with a very handy solution to get rid of the
cable when not in use.
THE BESYT VALUE FOR MONEY NOT ONLY FOR
é%ﬂcATEURS, BUT ALSO FOR INDUSTRY - SCHOOLS

rrcao £ 8536
rec.zso £ 111.07

Post and packing, add 24.00 per
order. Any difference will be
credited or charged. Prices are
subject to alteration without
notice.

All these articles are available
at time of going to press. Send
your cheque or money order to

ROTEX

P.O. Box 260, Emmen, MHoilland
Telef. 0031-5910-16810

Telex 53910

STEREO MIXERS

MP-2001 MD STEREO MIXER

Order no. 15.068

Your house-sound-studio with the semi-pro-
fessi ROTEX st ixer,

® 4 stereo-inputs for pick-up, microphone,
tuner, taperecorder etc.

® Separate volume control

® Level indication by means of illuminated
stereo VU-meter

@ Saparate controls for treble and bass

® Built-in 220V/50¢/s mains supply

® Freq. range 20c/s - 20ke/s + 1,5 dB

. Outcut level 0 dB, 600mV, Output

2,5 k Ohms

® Size & weight: 60x160x405mm, 1,7 kg

86

This type of mixer is at 2 channels, namely
channel 1 and 2, supplied with a compen-
sating-amplifier for MD (Magneto Dynamic)
ick-up elements. The third input is suitable
or connection of a dynamic or capacitor
{electret) microphone. The fourth input is
suitable for a tuner, tapepart or crystal p.u.
with an output ievel of 0,1-1V,

MP.-2002 MD STEREO MIXER

Order no. 15.134

A second type from the ROTEX mixer series
like the MP-2001, but inci. adapted micro-
phone with swan-neck, fadingslide control
and front monitor. Connection for headphone,
of which the volume can be separately adjusted
by means of slide control.

MP-2001 MD £ 67.]9
MP-2002 MD £ 93.39

£ 5108

RMZ-8
£ 4251
RMZ.7
METALDETECTOR
RMZ.7

Order no. 25.057

A simple, reliable water proof, shock
proof, weil balanced and very light
weight treasure finder, Operating ac-
cording to BFO (Beat Frequency Oscil-
tation) system. With tone signal, built-in
loudspeak and c i for an ear-
phone, which is supplied. Operates on a
simple 9 Volt battery.

RMZ-8 as the RMZ.7, but with both
sensitive signal intensity meter and
signal indication.
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bank Electronics

reen

KITS AY-5-1224A £3.50
Further details free on request MK 50253 £5.50
K “’E” LED DISPLAYS. Ctass i} OP-AMPS
devices, but tully guaranteed by  CA 3130 (COS/MOS) £1.00
us, for ‘even’ segment bril- CA 3140 (81 MOS) 95p
- iance. etc —~ money back or 741 Minidip 25p
= 2 exchange if not satisfied SOLDERCON PINS
TIME 80X Digital | DI704F 0.3 70p 100 §0p
Clock Case. 56 x 131 x § DL.707€ 0.3in 70p 1000 £4.00
71.5 mm with red § p1.728€ 2 x 0.5in €1.80 2500 £8.75
acrylic window. Choice § p|.727E 2 x 0.5in £1.80 DIL SOCKETS
of case colour, white § p|.750E 0.6in €1.50 8/14/16 pin 15p
sed. orange, blue. § p1.747€ 0.6in €1.50 CATALGGUE Fres on request

£1.75

DIGITAL CLOCK MODULES,

CLOCK CHIPS

VEROBOARD 47Yx17.9" £2.23 32768 MMz, all YRANSISTORS
ge: s"r"’;;‘“ with cop- 0~‘(;‘°"5'?",';” 305"’ same price . €3.75  TiP 2955 85p
2%% x V' (pack of 3% x2%"  2Bp DIODES QPr30S5 sop
Y x A% o o g, P
2 “: W x17.97 £1.02 N 000 P NESSS asp,
2a7x 17" €135 QUARYTZ cRys. [IN4148 5P 1 £0u (Red onty)
3% x 3% 44p  TALS 0.11" dia 15
3%" x 5" 49p  100kHz, 1.000 MHz, Special  Offer 100 02" da * ‘lsp
3%'x 17"  £1.73 2097152 Mp; Diodes Half Price. a ®
CMOS WITH DISCOUNTS! Any mix: 14163 118 14516 1.51 14568 1.25
10% for 26+ 25% for 100+, 33'% % for 1000+ .14174 1.08 14517 402 14559 4.10
4000 0.20° 4028 1.00° 4053 1.04 4086 0.80 '4175 1.04 14518 1.39 14560 217
4001 0.20 4029 1.27 4054 1.29 4089 1.74 14194 1.17 14519 057 1456} 0.70
-4002 0.20 4030 0.60 4055 146 4093 (8¢ 14410 570 14520 1.39 14562 5.59
4006 1.31 403} 246 4056 1.46 4G94 2.08 14411 954 14521 277 14566 1.67
4007 020 4032 119 4057 29.81 4095 1.16 1441217.07 14522 215 14568 3.15
4008 1.07 4033 155 4059 6.20 4096 1.16 14415 2.36 14526 215 14569 3.72
4008 4097 4.13 14419 267 14527 1.76 14577 0.27
4010 4098 1.22 14422 498 13528 1.22  14580'g.35
4011 4099 2,03 14435 7.93 14529 1.72 145871 4.30
4012 40101 1.76 14440 11.58 14530 0.95 14587 1.64
4013 40102 216 14450 2.67 14531 1.74 14583 .84
4014 40103 2.16 14451 2.67 14532 1.38 14585 1.10
4015 40104 2.26 14490 .51 14534 8.15  74C00 _0.25
4016 40107 0.86 14501 0.20 14536 4.00 .74C02.025
4017 ‘40108 6.18 14502 1.38 145371317 74504 0.28
112 40109 2.21 14503 0.75 14539 1.24 74008 0.25
1.04 401871 4.30 14505 4.38 14541 1.62  74C10 0.25
1.56 40182 1.73 14506 0.57 14543 182  74C20 0.25
1.48 40194 2.26 14507 0.60 14549 410 74C30 0.25
1.01 40257, 2.26 14508 3.08 1455210.50 74C32 0.25
0.60 4700 1.75 14510 1.51 14553 4.66 74C42 1.84
0.60 7083 4.25 14511 1.74 14554 1.67 74C48 2.26
0.60 14160 1.18 14512 1.03 14555 1.01 74C73 0.67
1.04 .. 14161 1.18 14514 3. 14556 1.01  74C74 0.60
1.08 4085 0. 14162 1.18 14515 3. 14557 4.65 74C30 0.86

lesms (L WO Add VAT 1w all prices at 8'% Post etc
eorty 2 00 (no VAT) All orders processed on day of recemt

GREENBANK ELECTRONICS (Dept. T12E)

94 New Chester Road, New Ferry,

UK 25p (+ 2p = 27p

England. Tel. 051-645 3391

} per order

Wirral, Merseyside L62 5AG,

THE OPEN DOOR

TO QUALITY

tiectrovalue Catalogue No 8
{Issue 2, up-dated) offers items
from advanced opto-electronic
components to humble (but
essential) washers Many
things listed are very difficult
to obtain elsewhere The
Company’s own computer is

program

expedite delivery

and maintain cu
satisfaction. Att

discounts are allowed on

many purchases;
and Barclaycard

are accepted

med to

stomer
ractive

Access
orders

PLUS FREE POSTAGE

on all CW.0O. mail orders in
UK. over £2 00 hist value

UP-DATED 2nd EDITION ~ rcudng VAT) if under

add 15p handling charge

l With Prices stabilised to Dec 31st ]

Past paid, inc.
144 pages, 4OP refun% voucher for 40p

ELECTROVALUE LTD

28 ST JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 Ci:8. Tel Egham 3603
Telex 264475. Shop 9-5.30. 9-1 pm Sats. NORTHERN BRANCH: 680 Burnage Lane, Burnage,
Manchester M19 1NA. Tel (061) 432 4945. Shop 9-5.30 pm, 1 pm Sats.

Ati Cufmumeahons
please to Head Otfice,
fgham address. Depl
En.s

ELECTRONICS TODAY INTERNATIONAL—JANUARY 1977

Hi-Fi Systems
thatGROW
withyou

At last someone has come up with a flexibie approach to quality hi-fi
that doesn’t become obsolete as you become more discerning.

Take an initial standard controlied 20W r.m.s. + 20W r.m.s. stereo
and with simple modifications this can be expanded to give a powerfui
40W + 40W stereo system together with additional multi frequency
rumble, hiss and stereo image width controls.

Currently available from stock:-
Ster20 Pre-Amp Module CP-P1

* 2 channel pre-amplifier.

* |deat for use with record player, tape, microphone, tuner inputs etc.

* No external components required other than potentiometers for bass, treble,
balance, volume controls and input selector switch.

* The CP-P1 is internally protected against accidental reverse power connection.

PRICE £13.30 specitication

+ 166 VAT input Sensitivity Signal/Noise Impedance

Magnetic 3mV >70dB 47k
Tuner 100mV >70dB 10k
Tape 100mV >70d8 10k
Auxiliary  1-100mV  60dB-70dB 200k

Magnetic i/p overioad: 33dB;
Distortion: 0-04% at lkHz;
gutput: 1Vr.m.s. into 10k$2; |

upply voltage: + 18V nominal;
Tone controls: Bass +12dB at 100Hz,
Treble +1208B at 10kHz.

Amplifier Module CP2-15-20

* The CP2 -15-20 is designed 1o give either a 20W + 20W stereo amplifier or
alternatively a 40W singie channel amplifier.

* No external components required.

* Safety features include built-in protection against accidental reverse power
connection and thermal shut down facility to prevent over dissipation.

Sipecification: PRICE £12.85 +£161VAT
Power output:

40W r.m.s. into 8Q, 1 channel; or
30Wr.m.s. into 15, 1 channel; or
20W r.m.s. + 20W r.ms. into 4Q, 2
channet; or

15W ramss. + 15W r.m.s. into 8Q, 2
chiannel.

Input sensitivity: 1V r.m.s.; Frequency
re sponse: 20Hz-20kHz, at —3dB; Dis-
tortion: 0-04% at 15W. Supply Voltage:
-+ 18V nominal; Size: 51 x4 x 1 25in.
(1330 x 102 x 32mm).

Also available:—
Function Generator module CP-FG1

For those requiring a wider range of tacilities this module provides: —

* Base and treble filter controls including switchable cut-oft trequencies for

rumible and hiss reduction.
* Stereo separation control. PRICE £11.75
* Complete except for switches and potentiometers. +£147 VAT

Power supply: Module CP-PS 18/2D

Suitable for one 20W + 20W complete system. A 40W + 40W system can be pro-

duce-d using 2 power supplies. PRICE £5‘75 + 729 VAT

Al our products carry a 2 year guarantee. /

Cliffpalm bLid. .~~~

DEPT. HF/PE, 7
13 HAZELBURY CRESCENT o
LUTON, BEDS LU1 1DF

Pricces include full /

appilication data, P
pOSt an d\e W
pacikaging. #” (,a“’":d‘e?\%&o
9\37:\6\0‘{6\\;\6\ < ?&‘5‘5
/t \Z\&Q’b \\F‘h 00
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& CLASSIFIED

MINI-ADS

M
THIS SECTION IS A PRE-PAYMENT SERVICE ONLY
MINIADS: 3 1/4" x 2 1/8' (1-3) £26 (4-11) £23 (12 or
more) £22 per insertion. CLASSIFIED DISPLAY: £3 .50 per
single column centimetre. SEMI-DISPLAY: £2.70 per single
column centimetre. LINEAGE: 75p per line average six words,
mininum 3 lines. BOX NO.: allow 60p extra.

Contact: BOB EVANS (01-437 5982), 25-27 Oxford
Street, London W1R 1RF.

Treasure Locator Kits by

DETECTOR PRODUCTS
Suppliers to the UK & Abroad

Circuits & Instructions . . . .. ... ... £2
Complete Kit
Total £14 incl. VAT p&p

‘Solid aluminium frame with an efficient
Faraday screen. For enquiries please send
s.a.e. to:
DETECTOR PRODUCTS
58a King Street, Blackburn, Lancs
Tel. 62561 or 54105

Carbon Film Resistors 5% E12 Series 1/8W,
1/4W, 1/2W. Mixed to your choice, 100
for 90p. Electrolytics 50/15v 7p. MICRO-
PROCESSORS SC/MP £18. MM6800 £33.
P&P 15p. CANDAR, Freepost, Reading RG1
1BR.

The Proprietors of British Patent No.
1161222 for ““Electrical Insulations
resistant to Creeping Currents and
Arcs”’
desire to negotiate for the sale or
licensing of the patent. Particulars from:
Marks & Clerk, 57-60 Lincoln’s Inn

Fields, London WC2A 3LS.

VALVES

Radio-TV Industrial Transmitting
2200 Types. 1930 to 1975, many obso-
lete. List 20p. S.A.E. for quotation. Postai
export service. We wish to purchase all
types of new and boxed valves. Whole-
saler’s Dealer's, etZ., stocks purchased.

COX RADIO (SUSSEX) LTD., The

GLASS FIBRE P.C.B.s
From your own tape. film or ink master
Send SAE for quotation
ET! boards glass fibre tinned and drilled

GP Power Supply ETI 131 . 96p
High Power Beacon ETI 240 . 62p
100 Guitar Ampiifier ETI 413 Ay 3 3 £1.40
Mixer Pre Amphtier £T) 419 . . g A .. 80p
Audio Level Meter ETI 438 4 . 75p
Sweet Sixteen Amplifier ET1 457 - g £1.82
Power Supply 100w Disca Amplifer ETi 458a 92p
100w Disco Amplifier £T1 458b £1.19
Disco FET Ceramlc P.U. EVI 458c. : . 55p
Oisco Yone Control Pre Amplifier ET! 458d 1 85p
Disco Pre Amplifier ETI 458a . A £1.14
Diaco Headphone Amp/VU Metor ETt 4584/g . .. £2.10
. Disco Fader ETI 458h . . b ; 84p
Sound Light Flssh Trigger ETI 514 . . 49p
2m Power Amplitier ET1 710 . ...... BSp

PROTO 4 High

Way,

ester U.0

Potyt pacitors. eries. 0.01, 0.
0.022, 0.033, 0.047,0.068,0.1,3%2p; 0.15,0.22
4v2p; 0.33, 6Vap; 0.47. 7%2p; 068, 10p; 1.0,
12p; 1.5, 18p; 2.2uF, 21p.

7-1M. Your selection.
1p each, 0.9p 10+, 0.85p

Return of post service. P
Allow 150 for carriage. Mail

CN Stevenson (ETI)
304 Avery Hill Road, London SE9
2N

FREE TV
CIRCUIT DIAGRAMS

All main Briush TV sets (plus many foreign)
comprehensively covered in our easy-to-follow TV
Repair Manuzls — 4 mono and 3 colour.

Just send Model No., if colour (mfrs. chassis type helps)
with £4.50 and receive the manual covering your set —
plus yur set’s circuit diagram on request free. Set of 7
only £27.50.

Briish TV Circuit Diagram Manuals — the main mono
fover 37 series) for £8.80 and virtually every colour for
£17.50.

Full details of these and other publications from:

T.V. TECHNIC (ETI)

76 Church Street, Larkhall, Lanarks, ML9 THE
Tel. (0698) 883334
—— B

PRIECISION
POLYCARBONATE
CAPACITORS

440V AC
All High Stability — Extremely Low Leakage
RANGE: DIMENSIONS;

VALUE (mm) PRICE z 2 =
13) L D EACH &I\ DU Range 1% 2% 3%
0.15F 7 1277 68p 047uF €132 778 Stp
022,F 33 16 86p |k £1.36 91p  60p
025F 33 16 92p 22uF £1.98 €1.32 75p
047¢F 3 19 £L30 47.F E2.62 £1.88 £1.23
0.5uF 33 19 ELI6 6%F £3.48 €2.32 £L47
06BF 508 19 EI25 1 £4.9% £3.32 £2.01
1OuF 508 19 £1.37 )5.F E7.14 £4.76 £288
2.04F 508  25.4 E195 Z0.F £9.66 6.4 £3.90

TANTALUM BEAD CAPACIHORS — Values available: ). 0.2}

047, 1.0, 2.2, 4.5, 6. 5V 23V or 35V: 10sF at 16V 720V pr 25V;
22.00F at 6V or 18V 33,Cul” at GV ur 10V: 47.04F at 3V or 6V: 100 0uF
at 3V ALL a1 12p each, 10 for £1,10, 50 for £3.00, 100 for £9.00.
JTRANSISIOR & IC's BC267 12p (C44/0C45  20p
ACI2H 14p  BC268A 10p  0C71°72 20p
ACITE 18p . BCH7-558A  12p  2N2926G 2p
ADI4% 0p  BCY72 13p  2N2926Y ilp
AFI78 Wp  BDIZ) 132 %p *2N29260 Ilp
AF239 I¥p  BF115/167 22p  2N3054 50p,
BCIHT & Y 9p  BIF173 2p  2NI55 Stp
BCI14 I2p  BFI7R 26p  2N3T702¢
“BC 474879 10p  Brisd 2p 3704 21p
“BC153 16p  BEI 195 12p ~ TIP3IDA 32p
B(157/R/8 12p  BF196:197 13p  TIP3IA B3p
BCI77 8p 1200 7p TIPR2A 6ip
“BCIR2 1820 Hp  Br262°263° 6p  THP3NGH 63p
BC183/1831. Ilp  BFYS0.51°52  20p° MPUI13} 9p
BUI84 /1841, ¥2p  BFXA4-56 88 20p  NESSHS 6lp
8(:212/2)21. 12p  BEXXS 25p 741 N pin 32
BC213 2181 1ip  BRIO} 4lp  ZNd14 [
BCZI4-2M41.  Mp GETRT2 25p  SNT60IIND  ¢150

POPULAR IHODES -~ 1N914 6p. % for 45p. 14 for 9Up. INYIS ¥p. 6 for
£5p. 14 for 80p: 1544 3p. 11 for 30p. 26 for £1.00; 1N4148 3p. 6 for 27p,
12 for ip: INS001 54 2p: 002 6p; 003 6 2p: 1K14 7p: DOG Np; 07 8'ap.

LOW PRICE ZENEIG DIODES —400mW. Tol. *5% at 5mA. Values
available: 3V, 33V, 38V, 17V, 5.1V, 5.6V, 6.2V, 6V, 75V, K2V,
IV, 0V, 11V, 12V 13V 135V, 13V, 16V, 18V, 20V, 22V, 24V, 27V,
v: 5 for 33p; 10 fue 63p. SPECIAL OFFER: 100

Zeners for £6.00.
'RESISTORS —Hig b stability, kow nnise curbon film 5%, 'sW at
40 C'aWat 70°C. K12 series onlv —Trom 2.2 to 22M2 Al L at Ip
cach, ap for 10 of any one value, 70p for 100 of any one volue.
s TAL PACK. 1/t o cuch vadue 2,22 0o 2.2M (730 resistors) £3.
SILICON PLASTIC RECTIFIERS — 1.5 amp. hrand new wire ended
D27 100 PLV, 7p (4 tor 26p), 400 P LV, Kp (4 lur 30p).
0p. 350V 45

BRIDGE RECTJFHERS — 2 s amp. 200V 600V 35
SUBMINIATURE VERIICAL PRESE AT
each; 50U 1K 470, G2 | 7R 6.8

KL 4 k1, i

o Ul 2Ke L, 64l 1M WM
Pl 031D 20p POST AND PACKING ON ALL ORDER
PORT ORDIE RS PLEA! DR COST OF SEAAIR MAIL
PLEASE ADD % VAT 1o all items except those marked withy
which are 12'2%,
Send S AU for lists ol additional ex-stock items.
Whalesale price lists avaitabli to bana fide companics.

MARCO TRADING

(Dept. P3)
The 0id School. Edstaston, Wem. Shropshire
Tel. Whixall (Shropshire) {STD 094872) 464/5

ALL

( Proprs: Minicost | vading Lul)

F ‘

;T

S E-=clzou.cs [N

{of all interested in electronics. Four Newsletters a year, concessions for members and
major projects sponsored by the B.AE.C., curremI\: the B.A.E:C. _Com‘puter. U.K.
membership fee £2 a year from January 1st, overseas £3 surface, £4 airmail. S.A,E. for
details to Hon. Sec. J. G. Margetts, 42 Old Vicarage Green, Keynsham, Bristal.

Study the workings of your nervous system
and learn to relax, with a biofeedback device.
Free details. Dept. ET, 42 Miiton Keynes
Village, MK10 9AG. Tel. Pineham 5671.

Carbon Film Resistors 5% E12 Series 1/8W,
1/4W, 1/2W. Mixed to your choice. 100
tor 90p. Electrolytics 50/15v 7p. P&P 15p.
MICROPROCESSORS SC/MP £18.
MMB800 £33. inclusive price. CANDAR,
Freepost, Reading RG1 1BR.

Parade, East Wittering, Sussex, West
Wittering 2923

e T e

——

M.A. 1001B DIGITAL

CLOCK
MODULE SIZE 3.0” x 1.75"

C/W 15v + 4.5-0.4.5v TRANSFORMER. Requires
only switches and case. DATA SUPPLIED.

OUR PRICE ONLY £9.74
Features: Bnght 0.5'" Display. 12 hr. Format with 24 hr.
alarm capability. Flashing Colon. Power Failure
Indication, P.M. Indicator, Alarm Set Indicator, Hrs. and
Mins_, or Mins and Secs Display. Output Drives from
Alarm and Sleep Timers, 9 Min, Snooze Timer and 59
Min. Sleep Timer.

Al Items Ex Stock

CAR, BOAT OR CARAVAN
CLOCK MODULE

M.A 1001B iIncludes all features listed above plus
Data for Conversion to 12v D.C. plus Crystal Time Base
for accuracy to a few secs. per month.
OUR PRICE ONLY £13.88
1t required with Transformer £14.74
CRYSTAL TIME BASE SUITABLE FOR C.MOS
DIGITAL CLOCKS. (Built and Tested.) Size approx
1" x 1.5" x 0.5 Can be adjusted to * a few
seconds /month.
OUR PRICE ONLY £5.25
ALL PRICES INCLUDE VAT AND POST &
PACKING )
Terms' Cash with Order .— Mail Order Only
ORDERS TO: F.E.K. SUPPLIES
18 STARRING LANE
LITTLEBOROUGH, LANCS.

DRILLED AND TINNED PC8s
FOR ETI PROJECTS

M4 89 iy £300 msu TR
ENit6  68p Enads  4op £11 5608
fMith 35 Eas  80p N 5600 £5.00
mhn B En447 63 €1 56

Ml s 5148 40p Moz 540
41 85 M58 42 mmz %
M2 40p 5% N0 85
Maz 5.0 ms 13 EN76  S0p
EN43s 75 EN543A 65 mes  3%p
ma Alp EN5438  65p

Send large sae for full list of oyer 75 ETI
boards.

COMPONENTS:

Resistors AW 5% carbon (E12) 1.5p ea.
Capacitors: ceramic plate 27pf-0.047 uf3.5p
ea. Tantalum bead 0.1 uf-6.8uf 35v 15p ea.
Diodes: 1n4001 5p, 1N4002 5p, 1N4003
7p. IN4004 8p, 1N914 5p.

2eners 400mW 2.7v-33v
B8c107.8,9, 12p. BC177.8,9,
BC147,8,9, 11p.

TiP2955 £1.08, TIP3055 65p. MJE2955
90p, MJE3055 60p. Z
DIL sockets 8w 12p, 14w 16p, 16w 17p, 24w

12p ea.
20p.

70p.

LEDs 0.125' Red 15p, Green 25p, Yellow
25p, Clips 2p.

Relay suitable for ETI 540 £1.75.

72000 30 M339  £1.84 NESS6  £1.00
121489 40p m3s0  £1.05 TCA220  £1.54
uAT03 Bp M382 €150 ME1468L  p.oa.
ulk123 Slp WE5SS 70p

ALL parts to build ET! train controller inc
drilled case with sloping front panei, £17.35
inc. postage.

ALL parts to build the ETI sound/light flash
trigger inc. drilled case, £7.48 inc. postage.
All prices include VAT, please add 20p postage
(overseas post at cost). PCBs post free.

Mail orders please to: D.B.M. PRODUCTS
Unit 14 Southem Road, Ayiesbury, Bucks.
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' £T1 560 VDU {Corrected) Set of 3 Boards . 445p
ETI 458 100 watt Stereo Disco . . . . . . . .. 50p

.8
{Setof B Boards A, B, C, D, E, F & H)

 ETI A5B Remote Start Board .. . . . ... .. 70p AD IN D Ex
€T1 458 Light Modulator Board . . ... .. ... 300p
ETI 543A STD Timer Display Board .. .. ... .. 85p

ETI 5438 Timing Display Board . . . a3y B ::p
4 his i . —
g hsto tmovmismn woop | | | avair 80
HARDWARE || |. 5™ | |5, oo s
- \ & SEMI-CONDUCTORS B.H. COMPONENTS LTD. 84
Comprehensive range Constructors’ Hardware § BC;‘J; :P ggg;g : - Sop BI-PAK LTD 485
and accessories. gglgaA : s: BD609 (90 watts) ;g B R ’ 80
Sheet aluminium cut 1o size. 8C109 8p UC734E .. 20p N.R.S.
Aluminium lightweight sections. B L =100 BYWOOD ‘ 82
ge:fc;ed ragB <;f r:pc;u‘ljarpomfg::rg& 8car8 e e pny .. %0 CAMBRIDGE LEARNING LTD. 91
ull range o! inteq circul ras, nal Dode
normalle ex~stock,psame day despatch at SDOMINZE0ETSY |y v 0B EWINC201Z1120In 20w CATRONICS LTD. 23
competitive prices. {‘/ﬁsv':ﬂ?gi o Fil . 1 CHILTMEADS LTD. 76
;.C: Boardsc}o individlual c:esigns. &* 0o 172 watt HS. Carban Fim 15 100 1308 CLIFFPALM LTD. 87
gs;st—coate ! epoxy giass a'mw!ate OT? e 3 ELECTROLYTICS CROFTON 79
o A el e syors o3 e w0 oveom s 1ev e | | | D.B M. PRODUCTS MINIADS
Send 15p for catalogus. 10mE 12v Sp  330mE 25v 10p  100mF 25v  8p DORAM 7C8 & 80
- r 'Y SCOOP — LIMITED OFFER UNTIL DEC. 31, OR STOCKS ELECTRONIC DESIGN ASSOCS. 23
ﬂAMARsEng%E%UCTOR CA3052 Stereo PrerAmp(nfEi::{lAgs‘f;gm DiL 100p ELECTROVALUE 87
MASON-S. n"oAD Py All Dats ied. Provision for E and Tone GREENBANK ELECTRON'CS 87
STRATFORD-ON-AVON Prices VAT inclusive. List 10. P&P 20p fL.P. 24
WARWICKS. Tel. 4879 R.F. EQUIPMENT SPARES LTD. INTEGREX 26
L 3 LACY CLOSE, WIMBORNE, DORSET ISLAND DEVICES MINIADS
?—g_ﬁ_ JOSTYKITLTD. 79
; LEE INSTRUMENTS 84
ARROLL ELEGTROMAS 0. £) | || 00 S Fevoncs or
"o Oitusanen iy sorraipone | | f MAPLIN 92
El_ais's'_' Fibre PCB.s for ETI “projects, Tel: BRENTWOOD 218435 MARCO TR'ADING MINIADS
supplied tinned and drilled. Genuine fastest service in the UK MQ'?ESALL S 69
ET1446 98p ETi445 54p Most Modern Components shop in 9
bl S chiseh e e & PULSE ELECTRONICS 78
ETI544 90p ETH152b 174p : bt 7
ETI543a 81p ETI252 38h giitthsir:sl;:onductor Selection in the RADIO ROTOR 86
ETI543b 84p ETI241 114p . q ; RAMAR MINIADS
ETI541 68p ETI710 76p 15 years in Mail-Order Electron!cs R.F. EQUIPMENT SPARES MIN.
ETI560 (a b & ¢) ETIS14b 52p Over 2000hsq. ft. of Warehousing IADS
. 424!) . Sorry. No E.TIGOZs. OUR NEW “"CAT" NOW SINTEL ' 61
All prices shown include VAT. Add 20p AVAILABLE PRICE 40p STERLING SOUND 2
post & grcking | SWANLEY 64
P.C.8.s also available for this month's ET} TAMTRONIK MINIADS
projects. Send SAE for full list of available I'M YOURS TECHNOMATIC 37
» s LAPIAR, ; Name: g Y TEMPUS 79
s0 a comprehensive or part service from R B )
Artwork and layout design to assembled: A : WILMSLOW AUDIO 65
P.C.B. for batch quantities or one-off Address: ., . B
prototypes — Contact:
AMTRONIK LIMITED R L RIEE =

SHOP FROM HOME with our catalogue.’
Fully llustrated and covering over 3,000
components, audio and disco accessories,
tools and test meters. Reviewed as one of the:

217 TOLL END ROAD, TIPTON,

WEST MIDLANDS DY4 OHW a8
Telephone 021-557 9144 PLEASE PRINT CLEARLY

- 2 - best catalogues available. Send 30p now for
g P 01251 0.2 INFRA RED 300w TUUCHSWITCH K'Ts your copy (issue No 5). Access, G'fO,
LED RED | 1Bp | 19p | 29% s TS300K Contains Triac, IC. Diodes, Resistors, Barclaycard, Gover_nmem and educational
G/Y 27p 33p 6mW £1,55 4 F_rorr'\lplate, g\(,:vB, :ath Repolacgs conventional lightswitch orders accepted. {Giro No 331 -7056).
‘panel il § with NO REWIRING. TOUCH one insulated piate for i
clip 1p OR 27p | 33p | ORF 128 = ON. another for OFf. Complete with inst?uc(ions. B. HL' o?&n:%?fg;;ﬁf{ggfeLTD'
ONLY £3.67.
LATOR ; . -
o TRl TR [ dern o 1 ALSO TSA300K AUTOMATIC, as above, but with only 59 North St., Leighton Buzzard, Beds
4350 25KV 5MH:  £2.25]|7066 34.27p 38p SOp 21p ONE TOUCHPLATE TOUCH for ON and light stays on Tel: 2316 (0286) Shop hours: 9-12.30
= —— . for a preset time. ideal for stairs and hall. Complete with N ¥ = S g
AVDEL BOND 2gm. ~ 65p | 400V TRIACS 24 60p 10A £1.50 instructions. DNLY £3.67. 4 1.30-5 p.m. Closed Wednesday
. 300W LIGHTDIMMER KIT replaces comventional
AC126/6/7/8 18p 2NI053 1
ADI61/162 40p | N30EL o | VTt s tightswitch,£2748" .
AF1Y 20p | N3056 419 | 12v 7812 1 Am)
rey | ammas g | aae R | i o = 2
Srtee /S g | Modsasesete | 1oy Ja1s e180 10 ROCKER SWITCHES, white SPST MICROPROCESSORS **
x:g;;g/g }:b TISA3UIT o5y 10A/250V snap tixing. €1.20.
BC157/8/ p | mPFI0; 8R |
B167/8/9 11 | onasve :‘5’: Snioas "c?o', €mOs TRVACSI400Vrn220 SC/MP ... £15.90+VAT.
e 1| mzers 30p| 2A100v  36p ji" Motarale 20p | 658 soloted ot B0p o ,?::
i T Ry & 00: 57 | N0ATAGZS0  9pnoss 36 MC6 800 ....... £28.60+VAT.
BC186/7 IN4OO1 00y 4050 57, } ; c
u12;3/4L :3: IN3002/3  6p | 2EmERS 2.7.33v 4501 20; Isolating Ky Seiput 30p SC{MP Technical Description manual
BOY70/71/72 13p | IN4004/B  7p | azvgg orsim  9p 4000 20p NE’;SSBpm bi 22: TN4004  6p 1 (£ .807) shows how to get going with only
= =i & g MBS e S| s few PTG Why buy anintrolat when
BYSO/S1 169 | BAI0O op | 555 Timer 60p Aol s RESTSTORE W ST T 3o you can't use it without a Teletype?
8FX29 8Y127 16p | 556.2:555 £1.10 1015 108p | Muia i R
24p | 0A47 6p | M3B0_ £1.00 4016 57p [LDR " wa 4001110 1 MU hgnt 1o dark 455 We wont sell then forget you, for any-.
8SX19/20 18p | OA700A79 8p 7400 18p 2017 105p NEQN were ended 7o tning from PR(_)M programming {0 advice,
oc73 10p g:g: g:gg ;: T 4040 105p - | Choke 1% Amp ) 20p 1ust drop us 3 line.
%ﬁ! ;3 04200 8p gp," 1§p :g?g 13;: F%’.‘:‘L?‘fm‘lfn .5.,7"'.. f#l"n”??;';x 250V 1‘52: We want to heip - really!
2N2219 20p 0A202 C Ip 14-pin 13p 4516 135p MINi MAINS TRANSFORMERS 100mA - = .
22:%,:,3,::: T e 15.,,,.,,‘ 14p 4566 155p (;‘20-06\‘/” . :s-'-n (’OT FSCHALK
75/ 709 att 25p | Mics + bushes d p "
! g a .
Naszow 1 | Janory | Toeren” som ADD % VAT (#12%%) PLUS 205 PR, ] - DISTRIBUTION
1L ; o s ]
PRICES INCLUSIVE + 15p P&P (151 class) o 6, MARLBOROUGH PARADE.
S PO T [EEEGTRONICS (ET]) : HILLINGDON, MIDDLESEX
ISLAND DEVICES, P.0. Box 11, Margate, Kent 106 Studiey Grange Roed, London W7 2LX _ Z '
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electronics tooay reader sewvices

These cost 40p each. Postage and packing costs
15p tor the first, and 10p for each subseguent
issue. Orders to ETI BACK ISSUES Dept. please.
‘We GANNOT supply the following issues:- Al
1872; January,. February and November 1973;
January, March, September, October, November
and D ber 1974; J y. June, July,
fugus(. September, November and December

975; January, March 1976; April, August,
October 1973.

PHOTOCOPIES

Due to the steady pressure on our
back numbers department, and the
dwindling number of issues avai-
lable, we have decided to set up a
photocopies service. This invoives
our staff in considerable time
consuming endeavour, 80 we hope
our readers understand the need
for our decision to apply a flat
charge of 50p inclusive. This
covers any article, regardiess of
the number of pages invoived,
from any ONE issue of ETI.

Mark envelope to "EY! Photo-
copy Service'.

NEW ADDRESS ALL ETI DEPARTMENTS
5-27 OXFORD STREET, LONDON W1R 1RF

international

EDITORIAL QUERIES

Written queries can only be answered when
accompanied by an SAE, and the reply can take
up to three weeks. These must reiate to recent
articles and not invoive ETI statf in any research.
Mark your letter ETI QUERY . . . Telephone
queries can only be ed when technical
statf are free, and never before 4 pm.

BINDERS

Binders. for up to 13 issues, are available for
£2.50 including VAT and carriage. Send orders to
ETI BINDERS DEPT. ...

SPEGIAL ISSUES
Presently we produce eight specials
See our ads on pages 14 and 32

T-SHIRTS

ETI T-shirts are available in Large, Medium, or
Small sizes. They are yellow cotton with black
printing and cost £1.50 each. Send orders to ETI
T-SHIRTS Dept. . ..

B800OKS

ET! Book Service sells books to our readers by-
mail arder. The prices advertised in the magazine
include postage and packing. Send orders to ET!
Book Service, P.0. Box 79, Maidenhead, Berks.

NON-FUNCTIONING PROJECTS

We cannot’' solve the problems taced by
individual readers building our projects unless
they are concerning interpretation of our
arficles. When we know of any error we print a
correction as soon as possible at the end of
News Digest. Any usetul addenda to a project will
be similarly dealt with. We cannot advise readers
on moditications to our projects.

SUBSCRIPTIONS

The annual subscription to ETI for UK readers is
£6. The current rate tor readers overseas is £7.
Send orders to ETI SUBS Dept. PAYMENT IN
STERLING ONLY PLEASE.

PEBs

PCBs are available for our projects from
companies advertising in the magazine.

PLEASE MARK REVERSE OF EACH CHEQUE

WITH NAME & ADDRESS AND ITEMS
REQUIRED.

ALLOW 10 TO 14 DAYS FOR DELIVERY

ADVERTISERS PLEASE NOTE

WITH EFFECT FROM FEBRUARY, 1977, ISSUE, A NEW

ADVERTISING RATES STRUCTURE WILL BE IN FORCE.

AS FOLLOWS:

Frequency Discounts

Space 1-3 4-11 12 or more
Whole Page . . .............. cee..-... £180 £170 £160
Half Page. . ... .. .. Wi ... £96 £90 £87
ThirdPage ... ... ... .. ... ....... .. £66 £62 £60
Quarter Page . . st e £50 £47 £45
One Sixth Page. . C R ... £34 £31 £29
Miniads . . . . ... el AT AR 40 g W g AR B £26 £23 £22

For Classified Details see Page 88

5

90

IMPORTANT:

On all first orders cash with order please.
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New Course in Digital Design

Understand the latest

developments in calculators,

computers, watches, telephones,

television, automotive instrumentation. . . .

Each of the 6 volumes of this self-instruction
course measures 1%’ x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to fead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
computers.

After completing this course you will have
broadened your career prospects and
considerably increased your fundamental under-
standing of the changing technological world -
around you.

e Also available — a more
DISI!G' Computer elementary course assuming
i no prior knowledge except

Electronics simple arithmetic.

In 4 volumes:

1. Basic Computer Logic

2. Logical Circuit
Elements

3. Designing Circuits to
Carry Out Logical
Functions

4. Flip flops and Registers

Offer. Order this together

plus with Design of Digital

£4 20 80p Systems for the bargain
. p&p price of £9.70, plus 80p p&p.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digitai
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents, also covers many more advanced topics.

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

L Learning by self-instruction has the advantages of
Enthusnast being quicker and more thorough 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 Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in fuII no questions
asked.

Design of Dig'ital Sstems

A Self-Instruction Course in 6 Volumes

1 ComputerArlthmetlc
2 Boolean Logic

3 Arithmetic Circuits
‘l Memories & Counters
5 Calculator Design

6COmpu-t'erArChitectufe

£6.20

plus 80p packing and
surface post anywhere
in the world (VAT zero
rated). Payments may
be-made in foreign
currencies. Quantity
discounts are available
on request.

To: Cambridge Learning Enterprises, Dept. Dig.,
FREEPOST, St. Ives, Huntingdon, Cambs PE17 4BR
“Please send me . . . . . set(s) of Design of Digital
Systems at £7.00 each, p&p included

*

or..... set(s) of Digital Computer Logic and
Electronics at £5.00 each, p&p included

.Q.

-—%-qv————‘———--,—m-\

*or ... combined set(s at £10.50 each, p&p include
Name.....ccccceirnen. viesssssensssase e sns e pemegmasen s S AT

AGACESS....eeeeeeeeereeaeeeeesrimreniriaseeeeenaeaaaeasasnnien

*delete as applicable.
No need to use a stamp—just print FREEPOST on the. envelope.



The new Maplin Catalog
ordinary catalogue...

Another
fasci
addition s e Hot"9 new

e disco section

f Catalogue includes a very wide range of
&, .components:hundreds of different capacitors;
- resistors; transistors; [.C's; diodes; wires and
cables; dlscotheque equnpment organ components;
" musical effects units; microphones; turntables;
cartridges; st;yll test equipment; boxes and
instrument cases; knobs, plugs and sockets;
audio leads; switches; loudspeakers; books; tools —
AND MANY MANY MORE. ~-

Cy

L
construction
bulla nighly
xtremely
0 sw'\tch

1 Pro jects. ction includes full
e
de‘ TS ot a really ow COS! easy 10

ni
e electronic \g 0 seconds t

e et takes\ oss thar 1 16 occur.”

+reliable Y‘ ing if f ult shou

1o normal 1

3 —0 ~ UR GATA.\—OGUE \
- ¥ vyhur CO EY N o the 2
PON FOR NO NG g catalogue
r ENADJP"& VAL Priced and ne ! a/ Z jed that \?f\\sam ‘
ON cop om fceceipt :
\ Bcaserush e Poiont i1 i dove A= i
\ mst‘i\f"\“e‘: ‘S\? penny. “curﬂ atalogu® B o P”mha\ie : ‘
\ op satist “’*\d"a;?fg {underst i 1 chooseto = \ T . Y
igati \
\\‘«f without ormn your ; / \ Jmmn Oui‘ bl-monthly newsletter keeps youup te date with latest
) R . i ‘. guaranteed prices - - our latest special offers (they save you

- pounds) - details of new projectsiand new lines. Send 30p
for tbe next six issuee (Ep discount vouchier with each copyl.

= NIPLIIH

a—

= delay in t:ornpletlon of targer
i ~»--\Warehouse, catalogue will be: EL_EC:T D UPBLI’ES

: elayed iy up tofour weeks — so there's still
timeto or‘der‘ before pubbgatron and get your pack of ten P O BOX 3 RAYLEIGH ESSEX SSB BLR

super special offesg upons. givingbig discounts on ten different

popular jtems. YOU CouLD SAVE.POUNDS! — S0 DON'T DELAY — iShap’ §84 London Road, Westcliff-on- Sea, Essex

* FIEEIN AND POST COUPON NOW! [C]%ged on Monday) Telephone Southend0702+ 44101

2]




