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— THE DIGITAL PEQPLE?

Sy HUOUD

BYWOOD have the largest range of digital clock chips, calculator chips, and seven segment readouts available anywhere, We
deal only in these types of devices so that we can offer an expert advisory service to your advantage.
If you want to go digital then telephone the digital people - BYWOOD at Hemel Hempstead (0442) 62757. Whether you

want one or a thousand, or just a chat about digital clocks, we will be pleased to talk to you.

Pin

CLOCK CHIPS Price ~ count
MM5311 Basic clock chip, BCD outputs £ 9.00 28
MM5314 As MM5311, no BCD outputs £ 7.20 24
MM5309 As MM5311 plus reset to zero. TBA 28
MM5316 4 dig alarm chip, Lig. Crys. drive. £15.00 40
MM5375 6 dig alarm, Sperry drive, TBA 24
MK5017AA 6 dig alarm, sleep and snooze, £14.00 24
MK50250 6 digit alarm. £ 760 28
CT7001 Alarm/date/sieep/snooze/etc. £16.50 28
CT7002 As CT7001 but BCD outputs. £16.50 28
TMS3952 Alarm/stopwatch. £20.00 28
CTe002 CMOS,Liq.Crys. drive, for battery

clock. £22.65 40

DIGITAL WATCHES

The CT6002 chip is available built into a complete digital watch

module complete with everything except case - no soldering to

do, the module is actually running when you get it CT6001/M
£92.60.

MHI DIGITAL CLOCK KITS

QOur MHI range of kits is intended to atlow the building of virtually
any type of digital clock. The range was announced in May with the
MH1-5314/C kit and is now supplemented by four new additions.
MHI-5314/C is based on the MM5314 chip, it gives a basic digital
clock suitable for driving any of the MHI display
units. £8.40
MH1-5026 kit uses the Mostek MK50260 alarm chip, it gives a six
digit display with an alarm tone circuit to drive a small
speaker. The kit is suitable for any of the MHI display
boards. £11.35
MHI-7001 kit uses the fantastic CAL-TEX CT 7001 chip with time,
date, alarm, sleep, snooze and many other features, We
would advise the use of a six digit MHI readout for this
kit, £19.00
MHI-D707display kit uses the DL707 0.3 LED display digits,
available as a four digit or six digit kit.,
MHi-D707/4  £7.60, MHI-D707/6 £11.40
MHi-D747display kit uses the DL747 0.6’ LED digits, these give
a display which is readable at over 25 feet.
MHI-D747/4 £10.256 MHI-D747/6 £15.35
MH!-D3IN is specifically designed for advertising type displays, thé
digits are made up from discrete LED lamps and form
digits about 3’ high. These are readable at gistances of
well over 50 yards. Available as four or six digits with
colons between each pair of digits.
MHI-D3IN/4 £2400 MHi-D3IN/G £36.00

The clock kits contain clock chip, CA3081 segment driver, PCB

{4 x 2""}. The MHI-5314/C kit does nor contain a socket for the
clock chip {£1.00 extra) but all other kits have a socket as standard.
The display kit contains the LEDs and a four or six digit PCB.

MHI is a modular approach to building digital equipment and all
present and future kits are interchangeable wherever possible. The
simplicity of the kits makes them ideal for small production runs
of ¢locks or for teaching and training. For details of quantity
prices please contact us at Hemel Hempstead (0442) 62757.

5314 - JUMBO EVALUATION KIT

Our most popuiar kit so far is our 5314 - JUMBO Evaluation Kit,
due to the large orders that we have received from amateurs and
from industrial users we are able to offer this kit at a new price of
£22.80.

The MM5314 is a 24-pin LS| chip containing all the logic necess?
ary for a 12/24 hour, 4/6 digit, 50/60Hz digital clock. The new
0.6'" LED display from Litronix (the Jumbo) is readable from
distances of over 25ft. We supply MM5314, socket, 4 Jumbo's,

2 DL707 0.3" digits, CA3081 driver and a 5" x 4" fibreglass PCB.
You supply 16 resistors, 3 capacitors, 2 diodes, 6 transistors,

transformer-and switch. KIT PRlCE' £22.80

DISPLAY READOUTS 2

DL707 Common Anode 0.3'* LED. £ 1.70
DL704 Common Cathode DL707. £ 1.70
DL747 Common Anode 0.6 LED. £ 245
DG10A Phosphor-diode 8. 5mm. £ 1.10
DG12H Phosphor-diode 12.5mm (0.5"). £ 1.20
LC823440 Field effect Liq.Crys. four digits. £16.00
3015F Minitron filament, 9mm digit. £ 1.26
3016F Minitron type filament, 12mm digit. £ 1.25
3017F Minitron type filament, 16mm digit. £ 2.00
SP752 Sperry high voltage, 0.5, 2 digits. £ 400
CALCULATOR CHIPS

CT5002 Four function, 12 digits. £ 5.00
CT5031 8 digit, Constant, ‘timer’ option. £14.55
CT5032 12 dig, cons, mem, averager, etc. £19.36
CT5037 8 dig, cons, mem, internal mpx. £15.49

SOCKETS

We advise the use of sockets with the above chips. 24 or 28 pin
£1.00, 40 pin £1.35,

CLOCK DATA SHEETS —SAE. ADVICE — PHONE 0442-62757

POST & PACKING — 10p. OVERSEAS (AIRMAIL) 50p. VAT — ALL PRICES EXCLUDE VAT,
PAYMENT C.W.0. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED.
QUANTITY DISCOUNTS ON MOST ITEMS — STATE REQUIREMENTS FOR QUOTATION.

- BYHiUUD

BYWOOD ELECTRONICS

181 EBBERNS ROAD

HEMEL HEMPSTEAD

HP3 9RDC. TEL. 0442-62757.

24 HOUR ANSAPHONE ON-LINE.
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INTEGRATED CIRCUITS

DEVIGES. (Quantity Dlscounts 10% 12+, 15%25+, 20%100+)

{Any one type excapt where quantity discounts show) Min. Order £1.00 plesse, Putlﬂp

ANDED AND GUARANTEED |

EASY TO BUILD KITS BY AMTRON

FREE BOOKLET

for addresses

VERY IMPORTANT. ONLY branded I.C's are to the FULL manufacturers specifi- _ ﬂrth- 3
calions. ALL others are nol. Henry's sell only branded integrated Circuits . .~ From EVG 'ng supplted A" types of
TEXAS . [ = o FAIRCHILD SIGNETICS. So why buy aﬂevnahves or T ist
under spec dcwces when youcan purehue the genuine article from us—ex stock . M‘odel No, ransisiors
nead we say more! 310 Radio control recelver 3.29 3 i o
gno ‘S—char;'nelnﬂflcc fransmillec 6-81" Rect!ﬁers Br'dges
- 45 Superhet receiver 6-61 —Tn
- 65 Simple transistor lesler 1-66 SCR - TI’I?CS o
115 8 watl Amplifier 4.50 | Integrated Circuits
120 12 watt amplifier 4.73 = _
:g alereo cantrol unit s.01 | F.E.T.— Light Devices
one control unit 4.-16
T 1111 12729 30 T 111 12r030088 | T 111112129 30/ g?tsl ppewer S :or e 2oh OVER 1500 DIFFERENT DEVICES
¥ 1 99 ype ype - 111 0195 ower supply for 120 5.31 ~
£p £p £p £p £p £p E£p £p £ g‘]S :m;hsupplylolzlrgzo 6-64 ENT'RELY NEW 1974 ED]T'ON
SN7400N  0:20 048 048 | SNTMBN 150 127 1-13 | SN74141N  1.00 050 080 20 Auo e 322 | More Devices - % New Prices
SNIOIN 020 018 096 | SNT4SON  0-20 098 0-96 | SNIM14ZN 238 2:53 2-52 Mic. oreamolifier 6.98 N
SNT401AN 038 038 0-33 | SNT4SIN 020 0-18 0- SNIASN 144 164 128 [ 2705 LF generator 10Hz-3mHz 21.45 * ew Ranges
SN7Z£0ZN 020 018 0-16 | SN7453N  0-20 o-18 0- SN7T4MTN 230 2:30 1-83 {5755 vave gunersior 20Hz-20Khz 19.77 b 5
SNTMGIN | 0200148 06 | SNTSAN 020 o8 018 SNUIEN 201 201 163 | 530 SO a.27 | This is a must for all Semi-conductor
SNT403AN © - - } b 74 5 30 201 630 STAB Fo er 1y 6-12v 0-25. -24
SN SN R CH | WGy DRILIN | SWUAN PRIRIL |o STnBicamememens 85| Users. (Ask for booklet No. 35)
SNT4US, 0-20 0% 0 74153 4 995 700 Etectronic ChaFinch .
SNTG5AN 044 044 038 | SN747IN 044 041 037 | SN7T4I5AN 230 230 201 || 760 Acoustic switeh - Sy SEND FOR YOUR FREE COPY TODAY
SN7406N 040 0-38 035 | SNY4T4N 048 042 042 | SNTAISSN 115 1-15 1-00 780 Matal Detector (electronics only) 10-91
g”;‘g&’: g;o gg gil; gm;ﬂzm :!‘l: :;2 ::; §“7:1§g: 1-0% 1-09 ;’N 790 Capacitive Burglar alarm 7-92 1 m
N74 5 0- § a 3 741, 109 1-09 085 835 Guliar .99 STROE
SN 038033028 | SNWWN  0d00T00%0 | SNTK 1aé 2ad 1 |50 Suiay'csiam 609 | samate - shorrtC o | ITeamies Suramie tor b
SNT409 : -10 0- ‘58 158 1 875 C R E ¥
SN741ON 020 018 018 | SN74B2N 087 080 072 | SNTAISIN 1-58 1-58 1-32 e pacharae fanktion for carengine 214030 530 voit operated. | Dec. 73 Pract. Ecyon Y
SNTATIN 025 0-23 021 | SN74B3N  1-20 1-10 $-00 | SN74162N 1-58 1-58 1-38 §.30 Scope Calibrator 2.5 | B8 OHM 5 watt output. | oo (032,3,‘{ 28,
SN7&12N  0:28 -28 0-25 | SN7485N  1-B7 1-87 183 | SN7a16IN 155 158 9-38 0255 Level indicator 6.9g | With ciccuits and data | RRC RISl e
SN7412AN 038 833 0-33 | SN7486N  .050 050 044 | SNTA164N 201 200 176 [l 525 120-160mHz VHF timer 11.31.] £1%0- P
SN7S13N 030 027 0-25 | SN74BIN 432 432 378 | SNI4TESN 201 201 176 | 715 Pnoto ceil switch g.97 | Kit with printed cicun | ZET4 e
SN7$14N 072072063 | SNT43ON 075 0-70 063 | SNTAIGEN 216 216 189 £ 755 Electronic continuily tester 4.57 | panel £2.70. -
SN7416N 030 027 025 | SN7491TAN 1-10 300 0-90 | . SNT4I167N 418 4-10 359 { 5es Photo timer 15.59 | AtL  KiTS  AVAILABLE | Uirasonic Transducers
SNZ41IN 030 0-77 025 | SN792N 075 0-70 083 | SNZA170N 282 288 252 | 235 Acoustic Alarm for driver 8.51 FROM STOCK Ooefate at 40Khz up to 100
SN7420N 020 015 0-16 | SNT493N 575 070 0-83 | SNI4172N 576 576 504 | c65 Quartz XTAL checxer 5.90 E = yds. Idea! remote switch-
SNI42N 628 O-g B-g g:;:g‘: ¢85 0-:3 °;§ gn":t;iﬁx :26 :‘gg :;3 ¥. 0 ing and m:nallmg. Com-
SN7422AN 038 0 38 0- 5 085 0-80 0 1T -80 180 1 lete with
SNIAZIN 037034 032 | SNTASN- 100 080 083 | SNMITSN 128123 113 | (oSAnD M MODULES =71 D etz s
SN742SN 037 037 0-32 | SNTAI0ON 26 1-89 -89 | SNIIZEN 1-44 184 1-26 | 51132 1F Mogule complete withdate.  Price £9.00 pair ﬁ.{ cicuits. Per pair £5949.
SN7E27N 037 037032 | SNT4104N 060 053 ¢-45 | SNTZ4ITIN 144 144 1286 | oy TUNER MODULE TASEQ with socket £1.80
SN7428N  0-43 0-43 0-37 | SNT4105N 080 0-53 0-45 | SN741SON 144 148 128 3 e o537 12 FM Tuner £7.95 | SinclairIC12 ?
SNIIIN 039 017 092 | SNIAION 047 097 055 | SNPAIAZN f.ed 146 436 | S4312 Stereo Decoder £1:95 | with circuils and data. 6
SNI4 037 037 0- 510 64 144 1- : ; i
SraEy 083 na3 038 gN'#IIIN o8 088 :75 2:;,::%:" ::: _::: } :: SF62H 6V Stereo FM Tuner £14.95 :i:g..h lcboav:éth EBD"C::TS
SN7433AN 0~57 0-57 0°50 | SNZ4116N 216 2-16 1-39 16 1 : .
SN7ITN 043 043 037 | SN7411BN 100 590 083 | SN7415aN 843 448 567 | ALL KITS OFFERED SUBJECT IOISTOCK Pl |5l Bt )
SNT438N 043 0-43 0-37 | SN74119N 152 192 168 | SN74190N 230230 209 ""“’wmmh ubji il ™
SN7438AN 057 057 -50 | SNMI20N 105 105092 | SNI1SIN 230230200
SNT4:0N 020 013 016 | SNT#12IN 957 057 050 [ SNra1seN 230230200 L — 3015F 7 SEG
SNT4SIAN 0850-79 073 | SNI4I2ZN 030 0-80 070 | SNT4ISIN 230 230 201 EXCLUSIVE SPECIAL OFFERS g
SNZ442N  0-85 0-79 073 | SN74123N 144 144 1-26 | SNT4194N  9-72 1-72 151 LC. size completa  with
SN7443N 180 $:27 1413 | cpnzqqosN  0.69 0-69 060 | SNT4195N  1-44 1-44 £-26 § MWW CAR RADIO 2N IC data price £1.70 each
SNTa4sN 1-50 1-27 113 SNZL26N 065 0-85 860 SNT4196N  4-58 158 1:38 + ar — Earth with speakars and fixings £8-B0 carripackg 10p 1 {digital clock circuits ref.
SN7245N 216 216 189 3 SN74197N 158 1-58 138 | 8 TRACK CAR STEREQ Integrated circuit radio as | NO- 31. 15p)
SNT44EN 216 216 1-89 | SNT4132N 072 0:72 0063 | SN74198N  3-16 316 277 Earth) with 0a8ker3. in pocts and faxings £12-50 carr/packg 40p leatured by manv maga-
SNJ44TAN 1-80 1:80 1-57 | SN74136N  0-83 0-83 0'55 | SNI41SSN 238 288 252 | poRraBLE MATYERY CASSETTE TAPE PLAVER er.2s | Dnes (PW Jan, 73 Reprint I T LED
CAR LIGHTER PLUG AND ADAPTOR Ref. No-13for 10p). £1-20. 24p each 22p ger 10
LARGER QUANTITY AND O.E.M. PRICES PHONE (01) 723 3646. PRICING QF | 1< o camons and radic 67 1B voltautpur (st width]  £1.95 coch | Sinclair Special Offer
SN7400 SERIES IS CALCULATED ON THE TOTAL uumaER QRDERED | ROTEL STEREQPHONES S terealBlipTe SmplHior for ise mot D mastisallA N D
REGARDLESS OF MIX. SNH4 HIGH POWER . . Low POWER | mHaa0 £4.14 | fgrs. Exclusiva offer £6.75
SERIES IN STOCK . . . SEND FOR 'LIST 36, FREE ON. REOUEST. LOW PROFILE | aH830 €890 | pP3 Eliminator Kit
SGCKETS 14 PIN...$5p. 16PIN. .. 17p. 8PIN...14p ng;gfnum £10-25 § Camplete module itV 100mA autput.  £1-85p & p 25p
15 - 15 watt Stereo Amplifios JList £52.00F £34. 52
A SELECTIONFOR FULL LIST SEND FOR
TRANSISTORS  £55kieT 5t Topay. e PRSI | BUILD YOURSELF A POCKET CALCULATDR
AAZ13 10p | BC1382 12p | BYZi3 35p | OC36 65p | ZTX108 10p [ 2N3714 160 Pﬂ]‘h‘“‘ = iehones F8-95 can/packg 200 ;:
AC107 350 | BCY32 85p | CIO6D 55p | OC44 1lp | ZTX300 14p | 2N3771 1-75 P e e Pyt £12.75 A complete kit. packaged in a poly-
AC128 20p | BCY39 1-00 | GET11155p | OC4S 18p | ZTX302 1dp | 2NITI3 228 anery/Maing Cassate Racor: $tyrene contamer and 1aking about
ACIS7 20p | BCYSS 250 | GET11575p | OCYI 15 | ZTX500 15p | 2N3790 225 | PORTABLECASSETIETAPE 0735 ity 200 3 hours to assamble—thats the Sinclair
ACY17 35p | BCYT0 15p [ GET880 5sp { OC72 25p {26301 4op | 2N3313 3ISp mﬁwmmﬁmmumamlfv = “ Cambridge pocket calculator from
ACYA9 65p | BCYT1 20p [ LM309K OC77 55p | 2N647 15p | 2N3866 TSp RRIAACTT Henry's. Some of the many featusres
AD148 500 | BCYI? 13p 187 | OCBI 28p [2NT06 0p | 2N3YC3 13p [ MAMMANBCIY include. intertace chip. tnick-film
ADIE] 39p | BD124 BOp | MATI21 OC83  25p | 2N930 20p | 2N40Q2 14D AT £33.75 | resistor pack, printed citcuit board,
ADIA2 39p | BDI31 45p ks OC140 85p | 2NS87 45p | 2N4126 15p 'BEMSS.:%W €22.95 § plc “tronit componenis pack. Sizé
AENT 20p | BF11S 22p | MJE34050p [OCI70 25p | ONT133 25p | 2NeaTt 35p | (BCHMER0 ey end memory £32-85 | 43" long x 2° wide x 31" deep.
AF115 50p | BF180 3o | MJES0 85p 55p [aN1304 22p | 2Nses7 3ep | JMMNSUNT o onpraven 255 | Free of charge wilh the kit for the more
AFI39 33p| BF194 13p | MJE3055 O p [ AN1813 20p | 25001 3-00 2x7 watts. Complate with soeabers [Ust £54.50] Price £18-05 advanced technologist is a 32-page
AF155 40p | BFXI3 25p p | OCPY1 1°00 | 2NIET1 1:00 | 25026 §90 | Zh7 wrix Comoate with < Booklet explaining how fo calculate
AF2397 gln BFX34 55p 'RA“I:PCIE :gp 8;;1; i:n g:g:g ggp 23235%3 zgn £ Logs. Tanpents, Sines etc.
¥27 300 | BFX38 22p | 217 45p B p P I"NEW RANGES SPECIAL IFFER £13-60 + VAT
BAt1S 10p | BFY50 20p | NKT404 60p | P346A 20p |2N2926 10p | 40361 45p ]
BAX!3 Sp| BFYS1 20: OAS  &0p | TIL208 25“ 2N3053 20p | 40362 40p BRIDGE RECTIFIERS Also available assembled ready 1o use £18.95 + VAT,
BC107 15p | BFY64 45p | OAAT  10p | TIP20A 4Sp | 2N3054 45p | 40468 50p § FEATURES SMALL SIZE AND LOW COST. Sizes are -
BCI08 153 | BFY90 75p | OA290 3p | TIP30A S58p | 2N30S5 45p | 40486  75p | approximate. LIVING SOUND LOW NOISE TOP - -
BC302 15 | BLY36 625 | OA202 10p | TIP31A 61p | 2N3440 500 100 | scamja QUARTER ANP | 2 AMPS PV UTY CASSETTES MADE |
€C109C 1p | BSX20 15p | OCI6 B5p | TIPA1A T4p | 2N3432 110 | 40430  35p BOzsios 0PIV 1 | Ezi05 e o 350 EM! TAPES LTD TO IN'TERNATIONAL / | St S
BC113 16p | BUIDS 220 | OC20 125 [ TIP4ZA S0p | 2N3525 30p BRSO 100PW 18 | BZ(10 100+ wp | STANDARDS ~ ESPECIALLY ’
BCH7 i2p| BY100 5p [ OC28 65p | TIS43 28p [2N3614 Sp Prixydia. 83120 2004 4sp | HENRY'S. ALL POST PAID LESS THAN AN et
8C169C 14p | BY127 15p | OC35 55p ! V40SA 25p | 2N3702 11p 3AMP 111, Pricing B260 600w son REC. PRICES COMPLETE
= S 3o P.LV. Price ca, | B2/500  1000v ssp BRARY CASES. 3 for & for 10for | 25lor
A = ggﬁg i gn iH 3 3L x &7 dia. C 60 £1-00 £1-80 £2-30 £6-75
- v {:]
LRIAGSES et ggg?;'umgoumousn BOS/20  200v 2p CES B €9 8 | e2s | eam | evoes
3 AMP RANGE | SG458 200v £1-15 e in a4 #ib | Barioo  1oow s30 | C 120 £1-62 | £313 | £500 | £12:28
12 28222 i kg I’NE AMP _(T05} P.I. £, TR XL o dla. a}% Bt 5p [ Quantity and trada enguiries invited.
Price 500v £1-35 GRS 1/0SAF 300 [t aMP  P.LV. n BA/E00 750 | LEARN A LANGUAGE—compicte with phrase book.
Type P.L.V. Each |15 AMP RANGE CRS 1/10AF |mv 3ep § B1/05 S0v -] B4/300 800w £1:00 | German—French—Spanish—Itaiian £1-35 per cousse.
SC3%A 100v  B0p | SCS0A 100v £1-45 CRS 1/20AF 200+ 3sp [ BU 100v Bp | :Hxik x & dia £5 foc any 4.
SC2s8 200v  $5p | SC0B 200v £165 CRS 1]40AF 400v asp { B1j20 200v 28p
SCISD 400v sap | SC0D L00v £1° CRS 1/60AF 600V ssp | Biso soov B | ¢ Amps PV
SC35E 500v £1-20 ok zgﬂgfns%ngp Ty HHEE e B6/05 Sy s A SELECTION OF
RIAC S 50+ 4wp 1 oy B6/10 100v 0p
LAy TANGE | Acditional Types GRS aoAL 1200 o e ok 200v 80 INTERESTING ITEMS
Sp Bé6/40 400v P
SCI0B 200y gsp | 400 TRIAC | CRS 3upar a0y ssp | WoZ v WO | g goov  £108 | C3025  Compactmansistortester  6.95p% p 15
SC40D 400v £1-20 CRS 3/60AF 600V £5p | W08 S0 P fHrilx A" dia Q3002 Photoelectric System £13.70p & p 150
SCAOE 500v £150 | 40669 TPRIIA(.: FIVE AMP i X 37 Tubular E1310 Stereo mag, Cart. preamp. 4-80p & p25p
(Plastic) 90p CRS 5400 400v £0p All pri - Eas:phone telephone amplifier 7-50p & p25p
10 AMP RANGE | 4ods6 TRIAC SEVEN AMP (T043) ] PCEE corTect At me {75565 “Fricamp. with PU coil £4.95 p & p 20p
5A 100v £9405 | Tes)  7%p CRS 7/100 100v wp of press. 10% VAT Ll§| et Doar'nl:zcgmm. and chime g-ggp g P %gp
RS 200v $ win sprng unﬂ Or * - piplSp
3 Amn 15 Amp SRS ;I‘w 00y g: to be .d(ff: & ul)l 16% Twin spring unit  Reverbs 6.85p & p25p
CRS 7/600 600v *p orders only
Export & UK VHF 105 Aircraft band corrector 4.50p & p 15p
g N AMPACLes) 82005 & Ch. mic, mixer 4.20p & p 15p
]| 3 361100 1oov Ttp Menufacturars 820004 2 ch. Stereo mixer 6750 &p 15p
S R s i3H Calleges supplied. : e
CRS 167600 Elvig E.&0.E PK3J Kit Etch your own printed ciscuits $-95p&p20p
n—
ELECTRONICS ZEMER DIODES SILICON RECTIFIERS
, RADIO 400 m/w BZYB8/BZX83. From 3-3 volt - 1 amp series IN40O1 to IN400? From 8p
FOR EVERY 33 volts 10p each, each 1-5 amp.
l' M ITE D PURPOS = 1-3 watts 5% Minfature Tubulars INA7O0 PL4001 to PL40O7 From Bp each
< E series. From 3-3 vohi — 33 voh 18p each. 3 amp PL7001ANS40C From 14p esch.
EDGWARE ROAD, W2 See facing page § 10 wais. sind Mounting. 25 sedes 68 § Sendfor
] H voits — 100 volts 5% 40p each. full iist 36,




—

DON'T RELY ON YOUR MEMORY
BUY NOW AT BARGAIN PRICES

Hi Fi and Transistors - Up to date

e n r’ s Brochures on request
Ncw built and used by thousands
2sTgn overa!l slze in cabinet B UI LD TH E BUILD
= ‘u‘:ﬂi "6} 8-1C's, 10 Lanslstors,
L TEXAN THE NEW
Nuw avoilsbiz built and tested s3
in kit form. HIGE;‘SUA'I;:I’Y H E N E LE c
;AD'(‘)?MNASK}? B%’an's‘s - oE 20 + 20 WATTIC

" Fibre
Panal, cbhmplete chassis  work.
.VELOPED - BY AS
STEREO AMPLIFIER
gEl:.‘lEAgﬁ FMA:I%‘FORMAN%E As featured by Practicai Wirelesx 1972 STEHED FM TUNER

“ CUNSTRUCTION. FACILITIES.
On[uﬂ swifch i h sacket trable,”
bass, volume and btancs . controls, scraich _and rumalc
filters, _monojstereo. swich,. inpul salector: g. P.U.
Radio Tuner. Aux. Can be attered for Mic.. Tape. Tape-head.
etc. Constructionai details Ael.- No. 21 30p. Distributad by,
Henry's throughout UKC

FREE—Tesk cabinet with complete kil.

KIT PRICE £28-50

A completely new high l!lhilﬂy sterec FM lunar, Features variable capaeity dliode
tuning. stabillser power supply, IC Docodar, high gain iow noise. IF stages. LED
indicators, Tuning mater, é, 843y to construct and use, Mains cperated. Slim
madern duign with fibra ulnn PC, tenk cabinet stc. Avallable as s kit to build or
roady built. Overall size 6 x 21" x 61",
Produced to give hiph pnrform.n:a with a
realistlc price. (Paris list end constructional
details Ref. No. 5 30p). Henry's ara sole dis-
tributors UK and Europe.

(»32; . 38: carr )or bludt and tasted £38-00 Kit price
‘ + [ T4y m"ﬂ asi k‘l’l-l'ﬂl -
£21.00 (+ VAT)
EARN \’UURSELF EASY MONEY OR BUILT AND TESTED £24.85 (+ VAT)
WITH PORTABLE DiSCO- '
EQUIPMENT EXCLUSIVE DECCA KELLY [ HI-FI TAPE EQUIPMENT
DISCO MINI A colno!e!e“ponsble disco, ted SPEAKERS U'ls;‘s(;arges:' [eLag
. 2 decks ~ith discounts H
As 3bove but with Skder Conirots £118-80 12 want speaker Tweeter and deinoastrarions |
100 watt amgpiifiar for sbove - . £49.%0 systems. 8% Bass/Midrobe for caliers.
80LS 100 100 wau "“""/'"“"’m" it A and Malinex Domed Lates1 stock lists on
siider controis’ £80-00 . 2
HSG 50 watt mixer/amplifier *£49.50 . HF radiator plus cross- raquest {(Ref No.
100 wat inaer/amplifige |~ - £57-50 over £12.80 per pair of 17). Phone
DOSOO AMP 100 watt mixeramplifier hassia Carlebro reverbaration unit £44-00 stems (cam/packg 40p) 1-402 4738 for
unit " £73.00 500 ol etk mismahons £11.85 Y SLet (2.57) Ao 3arclay/Access |
NORTHCOURT 150 watt liquid wheel projector £23.50 or built into veneered Card. Direct |
400 40 watt mixer/ampifiac: - - s £37.60 150 watt Qi fiquid wheel projector £50-00 cabinets, size 18x12x | orders and latest |
800 80 watt mizer/zmpltier £4s-00 150 wau Qi cassette wheel projsctor £60-00 ¥ 510 £19.50 pair {carr £1) 7 :
DISCO MIXER/PREAMPLIFIERS : Spare Effects and Rquid cassettes large range of 1 P P hinces.
{0P t(:r up o S-IOOOI;IWH umpirﬁerﬂ e pattems £6-00
8D {rotary contr - [t id wheels £5.50 Verious Casssties £8-00 7
8Dl (sider controls E88:50 | yiod Spot bam Tutod 3 Jamos 21205 | ELECTRONIC SUPPLIES TRANSISTORS/
DIBCO VOX (slider cantros} the comolete Auto Trilite (min: wnh ﬂashers) £12.00 [ UK's largest range for every
d-sc%sneamp £72.00 Bubblamaster wi £22.680 K ;polication. Small quantity discounts., SEMICONDUCTORS
100 watt power amplitier for above - £49-50 Mixer/Misc/Spe ake ?mmg ux s largest range. : X STt 5
DUIOL 3 channel 3kw sound to light £41.25 |- EAEE stock oo rot Nu 8 on request Also Trade, Export and Industrial Specialists in electronics for
:‘iwlbinlm. As 301711 +variabie speed 3 - ﬁgm'“’é'ﬂ’ 5 'eMua S!:nds Mixars, enquiries invited. Latest stock list more than 30 years. Trade and
lashes -£54.00 nets d58is. i akar t A E H
DY Mk It (-I-d:r controls) ° £48.50 megaphones, turntabies, Ptm)c :ddlso':s Conwnmgﬁ;';s {ref No. 36). Including valves industry supplies — e.vew type of
s on request. componant and equipment.
MINIATURE AMPLIFIERS - POWER SUPPLIES LOW COST HI-FI SPEAKERS
3 - FOR EVERY

AMPLIFIERS (carr. eic. 200).

PURPOSE

SPECIAL OFFERS
4-°a‘m‘.0-3‘;~:ﬂ9“vol| ¥ | tt.:g EMI 13; x 8° — full range speskers [post 20p
104, 1 wa O ;- = . ch
304, 3 walt 9 volt gt [ (Alt cased uniese stated chassis} Seore opapﬂnm; Twin Cono 10 watt £2.20
S35, 3 watt 12 voit £4.10 aach or £4.00 pai
E1203, 5 watt 12 voit £6-10 *450 10 wan c.lo Twin Tweetsrs 3. 8 or 15
608, 10 watt 24 voll £4.10 470C 61719 volt 300 MA ({includes Multl-Adaplor lor chms£3 a6,
g:gogo 3:;!128 volt " g::g Tape Recorders, elc.) £2-26 powt 200 n’ _% wart 8 ohms Clo Tweeter £6-25 each
walt 43 vo g or
E1210. 2; + 23 walis 12 vol £8.28 Car l_iWM:'f Voltage Adaptors Mm:‘_s‘:;'p‘;‘;ll'g 350 20 wan Uavaeters Bor 15 ohms £7.80.
nesoohs'wau IC malns mnm Amplifier with SR 8w, Ny, o) i *Polished 1 cabinet £4-80 post 350,
controis - 3
SACI4, T+ 7 wan Steren with contrals £11.78 SC202 3{8[1}9 volt 400mA £4-25 carr. 30p
SAC13 15 4 15 watt Stereo with controls g;.gg HC244R Stablilsed version £8-80 car. 30p SPEAKER m-r' (carr. etc. 35p)
SP40-5 224( 8Q/PZS 3 20-2 30 watt £24-50 pair
3PA0-6 2740/Starso BA/PZE £27.78 | P399 yolt 300mA €3-20 pos1 200 203 & 0 watt £35.95 peir
SPE0 2780, BO/PZB. %-:g P11 24 volt S00mA {chassis) £2.90 post 20p LINTON 2 20 watt £18-20 pair
iai=ionanEze, L 1 P13 26/28 voit 1 smp (chassie) £2-980 post 20p %ﬁ%ﬁﬁ% % ::g g’%gg S:::
s P1083 12v 1 amp {chassls) £4.70 post 20p ﬁ; :ﬁg gggg p:}r
= - b r
NEW SINCLAIR PROJECT 80 = P1081 45v 09 ap (chassis) £7-80 pest 20p = L AR
I e P12 4312 volt 0-4-1 amp £7-15pest 30p
Sterao PreAmplifier ©£11.95 ; : TEST EQUIPMENT OTHER EQUIPMENT
Audio Filter Unit - £6.95 SE101A 3/8/912 volt T amp (Stab) . £12.75 post 25p 4
240 15 Watt amplifier : £5.45 RP164 6/7119]42 1 amp {Stab.) £13-45pcet30p | MULTIMETERS SE ;5509 Pocket Sqnal Injectoc
Z60 Wan Amufifier £6.95 {carr. etc. 30p} ! me':er Sz Bomits £36.
PZ5Mod.for10r2240 .- - . £4-98 re. 30p. TE40 AC Milliyoltmster
PZ6 Mod. (S Tabl t or2 240 £7-98 GARRARD BATTERY IT-2_20KAVolt Shimline  €£5.05, Tt 1675 car. 35p. T
P28 Mod {5 Tab} 1 or 2 260 £7-98 TAPE DECK = M210 (Case £1 25} 20K/ Vol 8 Range valve volcmeter £22 ED
TRANSFORMER FOR PZB 4 _£3.958 Slimntina €6-76. TLHI3D 2KAalt o cam. gOp TE20D  120kHr—
NEW FM TUNER M E £11.98 GARRARD 2 speed 9 Robust £7.50. A4323 (+IF8AF W§—==—%¥ 500mHz AF Geénerator £18.95
STEREG DECODER § £7.45 velt 1spe dacks. Fittad ISCH  €2.00. AF105  (Case carr. 40p. TE22D 20Hz-200kHz
ik e record/piay anrd oscilla- £1-80}. 50KAolt £12.50. U4313 Audio Generator £19.95 carr. 40p.
All itoma gost paid. torfErase _heads. Wind 20K/Volt AC current. Steal case SE350A Daluxe Signsl Tracer
x 2 - #nd  rewind  controls. £10-80. U434 Plus Bullt in tran- £12.95 cam. 20p SE400 Volw/
o Takes up te 4 spoois” sistor testar £10.50. el 500 ohms/R-C subJ/RF field/RF gan.
\ = Brand new_ complets {Case £2.28). JOKNoh £1| 75. £15.50 car. 20p.
SPEC|AL PuﬂcHAsEs with head clrcults.

£8°58 carr. 30p.

: . 4 SUPER TESTER 680R —
UHF TV TUNERS i g_"g'gigﬂoﬁ?;hm £5.80 per 100 meire reat The completa testing system
0.13 Diam. 84 Fibres Shaathed £1.00 per metrs

CHANNELS.21 To 64 SPRAYS t5mm Diam. Mares Tails £10-50 :::&::;:m:mz'misﬂw
N TOP QUALITY MARRIOT TAPE APTDCERT o pgp e Accessories

Amgp AC = 10 ranges from 2004 to BA

Brand new transistorised EA Onma = 5 ranges from one tenth.of Ghvn Transistor teater €11.00
gearad tuners for 625 SUDER CONTROLS &, JHACK MONO or 2 TRACK } o 100M0 “Elactronic voltmotar £18-00
Line Receiver 1F output. e & heton tmbedance I Rescunce = 1 renge from 010 10MQ Amoclsmo : £11-98
£2-80 Post 20p b som | ) Caoacity = & ranges from 0 10 500pF Temparature probe £11-95
- J 8K, 10K un mang 80 from O 10 0.5uF and trom 0 to Gusss mater £11:85
. 250x, SO0K. v imp. 760 vei. 1l BOOOOKE Signai Injactae 598
All typas offersd subject to’ avi)luz.my Prices comect ot e L 16 zz e " M Frequenty « 2 ranges from 0 10 500 Phase Sequence 1598
tima of prool. Subject to change without notice. E. & ; g I K 4y i Fox, wmuusoog b ENT Probe £5.08
1  addad orders: H ; A 8 : Output Voltage = 9 ranges 10V 10 2500V
0. E 10% VAT t0 be 20: ! ,"E"W‘r supplisd. e il i) - Oacibas = 10 vangar hom 24 fo » 7048

- - F . 404-406 Electronic Components and Equipment 01-402 B381 All mail 1o
p 3 , RADI 0 308 PA Disco Lighting High Powar Sound 01-223 6963 303 Edgware Road.
e n r 303 Bargains Store (Callars only} London W2 18W
Home and Car Entertamment Centres Lundon and branches now open | All stores open 9 am 1o
LIM ITE D 120 Shaftesbury Avenue. London W1 01-437 9692 6 pm six days a week
144 Burnt Oak Broadway. Burnt Oak, Edgware 01-952 7402 Hi-Fi - Tape Equipment
EDGWARE" ROAD lON DDN WZ 190-194 Station Road. Harrow.Middlesex 01-663 7788/9 | Discount Stock List

354-356 Edgware Road. Landon W2 01-402 5854/3736 Free at ail stores
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NEWS

HITACHIWIN THE TV
FLAT-SCREEN RACE

The world’s first working prototype
of a flat-screen colour TV set that
could be hung on the wall like a
picture has been made by Hitachi.

This is the big breakthrough which
all television makers have been
pursuing. The Hitachi disclosure
came in the same week that another
Japanese manufacturer, Sony, began
production in Britain of conventional
colour sets.

Not only is this new TV flat, but
the screen can be as big as you want jt.
There could even be whole TV walls,
in schools for instance.

There is still a long way to go,
however, before the prototype can be
converted into a mass-production
maodel.

British television makers have kept
their own research into flat-screen
sets very secret, but we are informed
that alf have been pursuing research
into the flat-screen.

There appears, however, to be no
co-ardinated research. Each
company wants the profits that would
flow from exclusive patents, just as
AEG-Telefunken, of West Germany,
has benefited from its PAL colour
system patents.

FOUR-CHANNEL BROADCASTING
STANDARD

It now seems virtually certain that the
US Federal Communications Com-
mission will eventually lay down a
standard for discrete four-channel
FM broadcasting.

General Electric, Zenith, RCA,
Nippon Columbia, and Lou Dorrin all
have discrete systems under evaluation
by the National Quadrasonic Evalua-
tion Committee. ;

Matrixed quadrasonic recordings are
now broadcast by a number of
stations around the USA, but station
managements are obviously reluctant
to spend a great deal of money on
equipment that may soon be technically
obsolete.

Nevertheless CBS hasover 250 FM
stations currently transmitting SQ
encoded material — and Sansui are
making strenuous efforts to have their
QS system adopted as a broadcasting
industry standard.

Although the scene is still very
confusing it looks as if four-channel
broadcasting may welt end up using
one of the five competing discrete
systems — and techniques will be
devised for processing matrix material
in such a way that it can be transmitted
via the discrete broadcasting link,

digest

NEW SWITCH MATERIAL ISA CONDUCTIVE ELASTOMER

LEFT: A cross sectional
diagram of Spherax in its
relaxed state with the shaded
area showing the live faed.
RIGHT: Spherax in its com-
pressed state. When pressure
is applied the metallic
particles, represented by the
spheres, form a chain
creating a circuit through
which current {the shaded
area) flows,

LUCAS SPHERA X is a formulation of compounded metalio-organic materials which ara
capable of conducting an electric current, A number of formulations are availabla which
provide a variety of mechanical and electrical characteristics and are suitatzle for many
different applications as switches or inert eonductors.

A new switch material called
‘Spherax’ has just been announced by
the Lucas group.

‘Spherax” looks like a piece of
rubber. It is, in fact, a conductive
elastomer. This material has the pro-
perty of acting as a conductor when it
is compressed, thus it is ideally suited
for use in vehicle switchgear.

One of our biggest motor
manufacturers plans to use it as a horn
push in a forthcoming model, But
many other applications for ‘Spherax’
are envisaged by the Lucas research
team who have been experimenting
with it for use in the automotive
environment.

These include: touch switches, panef
switches, courtesy light switches, brake
light switches, direction indication
switches, gear levér and steering
column lock switches, oil pressure and
temperature switches and electronic
direction indication switches.

Vehicle manufacturers in several
parts of the worid who have been
given a preview of the ‘Spherax’
qualities are showing great interest in
various combinations of possible
applications.

Conductive elastomers {metallic-
silicone compounds) are materials
whose electrical conductivities are
increased as the materials are com-
pressed. The millivolt drop per ampere
flowing through the material is a
function of the pressure,

Those designed for connector (as

distinct from switching applications)
are conductive whether stressed or
unstressed.

Technical advantages foreseen for
switches and connectors employing
conductive elastomers include:

Reduction in heat generated, longer
life, rheostatic nature of switch provides
substantial arc suppression, increased
resistance to adverse environmental
conditions.

For cables, advantages inciude the
capability of connecting virtually any
type of electrical conductor, in any
combination, without the use of
rivets, terminals and suchlike, no loss
in performance resulting from repeated
disconnection and reconnection, good
ageing stability in various environmen-
tal conditions, water-tight connections
readily obtained.

In most metal-to-metal contact and
connection systems only a small
number of actual interfacial contacts
are obtained. Consequently high
current densities are produced at these
points.

But, because of the elasticity of con-
ductive elastomer materials, the
contours of contacting sur faces adapt
to each other, resulting in a greater
number of interfacial conducting
paths and less than half the millivolt
drop and energy loss of conventional
systems.

‘Spherax’ is being developed tech-
nically in conjunction with Essex
International.

e

LASER GUNS

Solartron Ltd., who developed the
Simfire system, are developing laser
simulation equipment for almost afl
weapons used by the Army. This year
the Army’s order for 300 Simfire sets
will be completed. This system is
used with tanks to simulate realistic
tire between opposing forces. When
the gunner presses the firing switch
the laser fires pulses at the enemy
tank. When on-target, the system will

simulate damage by cutting out the
engine, radio, etc., of the hit tank.

Soon, laser simulation will help
train riflemen, too. By firing at live
targets with a modified rifle, laser
beam pulses will trigger detectors
attached to the enemy clothing. The
advantages over previous methods are
obvious, as this system gives clear
indication of whether a marksman hit
his target, and whether he has been hit
himself.
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JAPAN LOSES GRIP ON
CALCULATOR MARKET

There have been dramatic changes in
the world market for electronic
calculators in the last two years. The
American manufacturers have siezed
the initiative from their Japanese
rivals, while prices have dropped

like & stone and the number of units
sold soared to an estimated 15m
worldwide in 1973,

A new report shows how the value
of Japanese calculator production has
actually declined, despite a huge
increase in the number of units
produced, while the Americans have
forged ahead. The average price of
calculators leaving Japan fell from
about £115 in early $971 to zbout
£26 by late 1973. From 80% of the
world calculator market in 1971,
Japan'’s slice fel! to 40% in 1973.

American companies realised that
their LS| technology was being
exploited by their Japanese competi-
tors and decided to start using the
circuits themselves, with great success.
LS| technology aliows all the compu-
ting circuitry needed in a calculator to
be carried on a few tiny chips of

silicon. This is what has made the The US manufacturers are moving
pocket calculator boom possible, but rapidly into Britain. Rockwell, for
producing the chips demands high- example, last year took over Britain’s
level technology and long production largest calculator manufacturer,
runs to be economic. The Americans Sumlock Anita and Texas Instruments
are far ahead of the rest of the world has set up a large plant to make calcul-
in LSI. ators at Plymoutih. As far as sales in
Big Japanese manufacturers (such Britain are concerned, Japan accoun-
as Sharp which made about 2 mitlion ted for just over 25% of the £26m
calculators in 1973} are building up caleulator imports in 1973, slightly
their own LS| capability in the struggle ahead of the USA, with Italy, West
to stay ahead. The value of Japanese Germany, Singapore, Canada and
calculator manufacture fell from Hong Kong fdllowing behind in that
132 billion Yen in 1970 (about order. Altogether.an estimated
£200m) to an estimated 111 billion 810,000 caicutators were supplied in
Yen in 1973, even though the number Britain last year.
produced soared from 1.4m to 10m. The future is expected to see a
In the USA Bowmar, by far the -continuing rapid increase in the
biggest specialist in the field, increased number of caleulatorsisold, but a
its total sales from §13m in 1971 to much slower growth in the value of
$64m in 1973, largely as a result of - the market. The Japanese manufac-
its entry into calculators. Other big turers are already showing signs of
US calculator manufacturers include closing the technology gap in LSl, and
Rockwell International, prime also in producing calculator displays.
contractor in the moon-landing pro- The Americans now have such a strong
gramme, Texas Instruments, the lead in the market that they are
world’s biggest manufacturer of unlikely to lose it - uniess the Japanese
integrated circuits, and Hewlett- can come up with a major technical
Packard which is specialising very innovation,
successfully in sophisticated financial
and technical calculators. Continued overleat

This extraordinary photograph shows the NASA Earth {Band 5] of the visible spectrum during the summer and
Resources Technology Satellite (ERTS) image of the aguturnn of 1972. The map will be used to assess the
entire United States from an altitude of 305 kilometres national water drainage network, land use and vegetation
(562 miles]. A large number of individual shots have coverage as well as to inventory the nation’s surface water.
been combined to form the first mosaic of America. A second map is being constructed to give a synoptic
Praduced at a scale of 1:1 million, the map is composed picture of the US during winter time.

H of 535 cloud-free ERTS images produced by a red portion
w 7



news digest

The strongest possibility of break-
ing this barrier is with the thermal
printer., At present calculators which
print out their results take a relatively
small share of the market, because of
their high cost. Many commentators
believe that if the £100 price barrier
can be broken, a very large market
would be opened up. In the thermal
printer, heat-emitting components
reproduce numerals as a pattern of
fine dots on sensitised paper. The
mechanism promises to be silent, fast,
reliable, easy to manufacture and
cheap. The drawback at present is
that it needs expensive special papers.
The first manufacturer to find a way
round this problem will have a
valuable lead in the printing calculator
market.

PULSE CYCLE?

1 X5 e L
HRH The Duke of Edinburgh awarded
this bicycle to Mr. George Robins,
Managing Director of Design
Animations Ltd. Mr Robins won the
1973 Duke of Edinburgh’s Design
Prize for elegant and efficient design
of his picture framing system and
designed his prize himself, in conjunc-
tion with Cambridge Consultants Ltd.

Pulse control makes his the only
electric bicycle fitted with a throttle
allowing smooth control of speed and
acceleration, allowing manoeuvrability
in traffic and on the open road. In
addition the need for a gear change
and clutch has been eliminated.

The throttle unit regulates power
to the motor by the pulse width sys-
tem - the battery supply is turned on
and off repetitively at a high rate,
Power to the motor is determined by
the relative durations of the “on’" and
"oft’’ periods of this switching. |f
more power is required, then the
supply is switched on for longer in
every cycle. With this control ranging

from off to fully on, smooth regulat-
ion of the motor power is available.

LIE-DETECTION — 1974

A new form of lie detector is
becoming widely used in the USA,

The device, known as the Dektor
psychological stress analyser works by
analysing the human voice — and can be
used without the subject’s knowledge.

QOperating principle is that the miuscles
that vibrate the human vocal chords
normally (not under siress) add & 8 Hz
to 12 Hz component to the voice.

Under stress this component changes
— and the change is detected by the
Dektor instrument.

The manufacturers advise that the
device merely indicates stress — not
necessarily lies, but an alarming
number of private companies are
using the devices during employment
interviews and even for regular
employee checking.

B Rl

=. e TR S f i TR <4

An electronic “centrifugal clutch’
protects the drive systermn against
excessive loading.

The bicycle is powered by 12
nickel-cadmium 1.35 volt batteries
which allow 40 miles of silent riding
before recharging is necessary. A
meter, very similar to a conventional
fuel guage, indicates the condition of
the batteries. Recharging can take
place at any domestic mains socket
using the integral battery charger.

This feature effectively extends the
range of travel since the bicycle is not
dependent on its home base for rechar-
ging. The batteries can be recharged
up to 2,000 times and a complete
recharge takes cnly a few hours and
costs less than 1p. Operating costs are
expected to work out at approximately
¥%p./10 miles. The compact lines of
the bicycle are complemented by the
novel form of construction in steel and
aluminium. Other features of the
bicycle (length 47" and width 5)
inctude cable operated drum brakes
and a simple chain drive. Top speed

is 30 mph.

As a demonstration of the instrument’s
capabilities, the manufacturers analysed
the broadcast Watergate hearings and
told the press just whom they thought
were lying. To date they have been
sremarkably correct!

There is an increasingly strong
reaction against the use of these devices,
and US Senator Sam Ervin has now
introduced a bill to ban their use by
private industry.

ACC AFTER ONE YEAR

Now moving into its second year of
existence the Amateur Computer Club
has now formulised its activities into a
constitution and has a membership of
over 200. A full newsletter forms the
nucleus of the club,

Activities are being arranged and
will be announced in the newsletter.
The newsletter has provided a forum
for the airing of ideas and introducing
basic principles to the beginner. New
members and ideas are very welcome,
membership is £1.00 per year (that
includes the near monthiy newsletter)
and applications should be directed 1o
Mike Lord, 7 Dordells, Basildon,
Essex.

MONEY IDENTIFIER FOR
BLIND PERSONS

The cliche “money talks’” will soon
acquire a new literal meaning for blind
business persons thanks to a simple
paper money identifier developed from
NASA technofogy.

The device will enablé a blind person
to identify paper money by its sound
“signature”’. Until now no reliable
paper money identifier for the blind
has been available.

To determine its denomination, a
bank note is passed under a light
source on the small, inexpensive device.
A phototransistor measures changes in
the note’s light patterns. These changes
are converted into sound signals by an
oscillator — producing sounds much
like the "beeping’” tones one hears when
making a long-distance telephone call.
Since the design of various denom-
inations of paper money differs, each
bank note gives off its own easily
identified sounds.

Tests of an early version of the
money identifier were successfully
conducted by Arkansas Enterprises
for the Blind in Little Rock. It was
found that after about three hours of
practice a subject could easily dis-
tinguish the sound patterns of dif-
ferent denominations of paper money.

The paper money identifier is being
produced by the Marchak Engineering
and Manufacturing Co., Austin, Tex.

It is being marketed by Applied
Rehabilitation Systems, 3902
Idlewild, Austin. :




LASER PHOTOGRAPHY
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the two speckle patterns,

Another use of the laser in photo:
i graphy is for correlation measure-
g ments. Young's interference fringes

Photographic processes have been
used for a long time to investigate the
deformation of material under stress,
disadvantages were the poor depth of
field, the limits of resolution of the
camera lens and the laboratories
microscopic evaluation of the nega=
tives. When laser light is used, the
laser beam produces speckles on the

noted previously by Fux

fint to advocate the view
ntanecusly. or with a very g
SO medm.movaryvilm

measured object is displaced, the indiv-
idual speckles around this point on
the image are also displaced. This dis-
placement can easily be determined
by illumination with coherent light.
The speckles appear well defined and
1 sharp regardless of the sharpness of
the image. The method developed in
the Siemens test laboratories allows
measurements to be carried out over
the micrometer range showing deform-
ations, vibrations, elongations, tiltings
and deflection angles of laser beams

B L R

If the surface area is displaced as a
result of mechanical stress, the doubly
exposed image shows two identical
speckle patterns displaced with respect
1o each other. The negative is scanned
by a laser beam to determine the
distance between the two patterns.
The speckle pattern diffracts the laser
light, which results in the production
1 of paralle! interference stripes, the
i distance between which is inversely
proportional to the displacement of

can only oceur in the case of double
exposure, if identical speckle patterns
which are displaced with respect to
each other are recorded. The contrast
in the interference fringes is a measure
of the change in the microstructure on
the surface of the material. The
photographic plate of the paper shown
above (a) was shifted by a few thous-

_andths of a millimeéter and some areas

were erased between the two
exposures. When the beam was direc-
ted upon the unerased areas, inter-
ference fringes were produced at some
points (b). The erased areas are
clearly visible since they do not
produce interference stripes {c). These
are particularly prominent in the
coherent-light filtered image of the
negative (d).

This process opens up new possibi-
lities for the discovery of forgeries
and the early detection of fatigue in
materials.

BAEC AMATEUR ELECTRONICS
EXHIBITION THIS JULY

If you are luck enough to get your
ET} early, you might like to go down
to Penarth for the ninth annual
exhibition of the British Amateur
Electronics Club. Cyril Bogod, the
Chairman, promises us it will be the
best yet: "This year we want to have
all new electronic games and exhibits,
with the possible exception of the
BAEC Noughts and Crosses Computer,
which has always been very poputar”.
The games will all be made by
members of the BAEC and there will
be a prize for the best exhibit. The
exhibition will be run by club
members and all proceeds will go to
charity. /t will be held from Sat,
July 20th to July 27th at the
Shelter on the Esplanade, Penarth,
Glam.
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Most vehicles manufactured today are
fitted with three phase alternators
rather than dc generators but the
method of contro! relies on electro-
mechanical requlators, which are
unreliable and inaccurate. |n order to
gain the full benefits of high regulation
accuracy and long life from an
alternator it is desirable to use a fully
electronic control system. Siemens
have developed a circuit for this which
can be constructed from discrete
components.

The regulator has to react to both
the voltage output of the alternator and
the battery voltage to control the
energising control current. The
characteristics of the generator
automatically limit the maximum
current. The built-in diodes prevent
the possibility of current flowing in
the wrong direction. Ina 12V car
system, the transistor regulator
supplies a nominal battery charging
voltage of 14.3V. During the change-

over from battery charging to no-load
operation the contro! transistor T 1
becomes conductive if there is a
higher voltage at the input divider
than at the Zener diode BZX55. At
the same time the Darlington output
stage T2 blocks. Since the generator’s
energising coil lies in the collector
input, the energisation decays within
the time constant of the field. If,
however, the generator’s terminal volt-
age fails to reach the desired value as
determined by the Zener diode, the
generator is again energised, this
time more highly because the switch-
ing condition of T1 and T2 is reversed.
The Zener diode DV526 protects
both the regulator and the entire
mobile power supply from excess
voltages which could occur if the
battery cable suddenly became discon-
nected or if the generator cables were
incorrectly connected.

Continued on page 69.



THE

IAGNETIC RIVER

By Professor E.R. Laithwaits, Dept of Meavy Electrical Engineering. Imperial College of Science & Technology, London

Professor Laithwaite’s article on linear motors (ET1 Dec 1973) created a great
deal of reader interest. Since then Professor Laithwaite’s discovery and develop-
ment of the ‘electromagnetic river” effect has been applauded as the dramatic
scientific breakthrough that it unquestionably is. Here Professor Laithwaite
describes, in beautifully clear and simple terms, the sequence of events leading

to his latest discovery.

SCIENCE is a process of unending
discovery — a detective game in which
the players, as it were, match thsir
wits against their mental limitations.

But perhaps no attempt to define the
process by analogy succeeds so well as
that in which the whole is seen as a
gigantic jig-saw puzzle, so large that
the individual constructors are, in the
main, too far apart to ses gach othsrl
Thus it is a day of great joy when two
science workers’ efforts are sesn to
join up in the unigue way that belongs
to a jig-saw game, bringing satisfaction
which perhaps cnly a trus philosopher
can know when he discovers a little
more of what Sir William Bragg
{President of the Royal Society,
1935-1840)} described as ‘The Nature
of Things’,

Mt is even possible for one
constructor to work for years on two
djfferant parts of the jig-saw and not
realise how close are those two parts —
how only one missing piece of the
puzzle would join them together. And
when that piece is finally found he
feels, most of all, a sense of humility
that it should have taken him so long
te find it.

I hope the relevance of the foregoing
remarks will be obvious when |
describe how t worked for 20 years,
often at great pressure, to make better
and better linear motors.
Spasmodicalty | also studied
electromagnetic levitation, a highly
specialised technology of little interest
to most electrical engineers except as a
manifestation of the ‘magic’ of a

4-dimensional phenomenon which we
call ‘elsctromagnetism’ but will never
fully understand. Our ancestors who
first designed electric motors and
generators {(as opposed to copying the
previous one with the odd alteration
here and there’) knew well the
difficulties of descriptive presentation
and invented analogies which would
help a whole generation of young men
to mass-produces those useful
machines. Such analogies included the
concepts of ‘rotating magnetic fields’,

‘circle diagrams’, ‘phasors’ and
‘equivalent circuits’.
Besides helping the initiators’

immediate descendants, these concepts
were in fact so good as virtually to
throw sand in the eyes of subsequens
generations in that the {atter, including
myself, were taught the subject with a
confidence which suggested {a) that it
was all completely understood and (b}
that all the research had already been

done — in other words that all was

known that was to be known about

-electrical machines.




Professor Eric Laithwaite with his most
recent laboratory working-model 6f a
high-speed vehicle on a scaled down
‘magnetic river’ track, photographed at
Imperial College, London. The ‘magnetic
river’ can float, guide and propel the
vehicle.

The ‘missing piece’ of jigsaw puzzle
which now links the subjects of linear
motors and levitation was the study of
shape — and the motivation to find it
was undoubtedly high-speed transport.
A linear motor primary is a highly
sophisticated arrangement of coils in
slots cut in laminated iron blocks, as
shown at Fig. 1, the same basic
structure as that which results from
the imaginary process of splitting and
unrolling a ‘conventional’ rotating
electrical machine. Magnetic levitation,
on the other hand, was relatively in its
infancy, only a few systems beyond
those in which a single coil or pair of
coils supported a lump of metal ever
having been tried.

The reasons for the lag in levitation
research were two-fold. First, there
was nogreat demand for it at the price
that had to be paid to achieve it.
Secondly, it was not a subject
amenable to mathematical analysis as
were the more complex but much
more systematic systems of
commercial motors and generators. As
| see it now, the last statement can be
more usefully expressed by saying that
levitation is three-dimensional
engineering whereas machine design
has been, wuntil recently,
one-dimensional.

What | mean by this needs further
explanation. In a rotating machine of
the induction type, tradition has it
that only machines in which the

Fig. 1. A pole-face view of a linear motor primary showing conductors in slots

i in a laminated steel block.

clearance between rotating and
stationary parts (the ‘airgap’ as it is
called in English, although the French
word entrefer is much more
meaningful) is small are any good. Be
this true or false, it is the way they are
manufactured —. with the result that
the magnetic flux crosses the airgap
wradially, either ‘into” or ‘out from’ the
rotor. Then linearise this machine so
that the airgap is in, say, a horizontal
plane and the flux in the gap is always
vertical and it can be termed
one-dimensional.

Suppose, however, we examine the
double sided sandwich or sheet-rotor
motor shown at Fig. 2, which was
thought, in the early 1960s, to be the
only possible “starter’ in the high-speed
transport game because it simplified
the form of track member (the
secondary, corresponding to the rotor
of a rotary machine} to that of a
simple sheet of aluminium. Some of
the flux may now bend into the

horizontal plane, as shown at Fig. 3,
an effect which conventionalists may
regard at worst as sheer waste or, at
best, as a means of limiting starting
current, for they see it as ‘secondary
leakage flux’ in terms of conventional
rotary-motor engineering.

THE ACADEMIC IDEA

But suppose one is an
experimentalist and an academic
seeking knowledge for its own sake,
who follows ‘clues’ out of curiosity
alone. Then it is interesting to remove
the top member from the machine
shown at Fig. 3 and really ‘let the flux
bend’ in the second dimension. The
resuits of this exercise are quite
amazing and instructive. Fig. 4 shows a
series of them. Perhaps the first thing
to be noticed is that the secondary
sheet is levitated as at Fig. 5{a). Having
‘seen” it one can ‘explain’ it simply as
the result of horizontal flux lines
acting on induced currents which are

ground.

Fig. 2: End view of a doubie-sided
‘sandwich’ motor with vertical
aluminium plate secondsry fixed to the

motion.

Fig. 3: Flux bending in 2 plane containing the direction of a
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Fig, 4: Flux distribution over an open-sided linear primary.




perpendicular to the plane of the
diagram, but this is a dangerous
thought-path if pursued far, for those
same secondary currents will be found
to distort_the flux enormously, until it
is far from clear how the ift is
generated. (Clearly, a good engineer
must know how to use analogy and
when to stop!} Let it suffice, at this
stage, -to say that the plate 15 lifted,
but is laterally unstable.

If a conducting cylinder, which is
free to rotate on its axis, is held above
the open-sided motor with the
secondary sheet removed (as seen at
Fig. 5(b} it rotates in the direction
shown, suggesting that the magnetic
flux behaves like a river of water
flowing beneath and just touching the
cylinder. If, however, we place the
clyinder right in the ‘river’ so that it
rests on the river bed, as at Fig. 5(c),

we might expect that because all
forces on the cylinder are to the right,
and the point of contact is at rest, the
cylinder must roil to the right. It is
inconceivable that such a cylinder
would rol! upstream in water.

But in the linear motor it does! So
does a split washer which has no
electric circuit. A wire paper-clip
unwrapped and re-rolled around the
pencil to form a helix will spin just
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Fig. 5: Phenomena associated with the flux pattem from an
open-sided motor:—

fa) A conducting sheet experiences a lifting force in addition
to one of propulsion.

tb) A copper cylinder held and pivoted above the motor
surface spins in the direction shown.

{¢) A copper cylinder in contact with the surface of the
motor rolis ‘upstream’ in the travelling field.

{d) Oppuosite rotation of a short steel rod (A} and a long steel
rod (B] resting on the motor pole face.
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Fig. 6: Cross-section through a cyiindrical levitator capable
of supporting a conducting disc of the size shown,

TFUBULAR COPPER
CONDUCTORS, % in DIA

Fig. 7: Cross-section through a liquidmetal levitator using
water-cooled tubes as primary windings.
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Fig. 8: Plan view of & concentric coil levitator with coils
elongated to float rectanguiar sheets with neutral equilibrium
in one horizontal axis.
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Fig. 9: Rearrangement of the coils shown in Fig. 8 produces
the same basic system and the same result,
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like the copper cylinder in Fig. 5(b).
However, it is not the purpose of this
article to ‘explain’ these phenomena;
they were part of the evidence from
experiments which led me into a
three-dimensional line of thinking.

So far, we have bent the flux only in
two-dimensional planes. My
introduction to the third dimension
came through the experiment shown
at Fig. 5(d). A short steet rod rolls
‘upstream’ because steel is a conductor
of electricity, just as is copper. But a
fong rod of the same diameter and
material — a rod which is longer than
the motor is wide — rolls very
positively downstream! The
explanation of this phenomenon took
several months, until it was realised
that in this instance the important flux
was that which proceeded laterally and
induced circumferential currents in the
rod. The third dimension had made its
presence felt at last.

Within a year of that explanation we
were building ‘transverse flux
machines’ (TFM)} in which the whole
‘of the working fiux was conducted in
lateral paths.

LEVITATION PUZZLES

Turning now to the other ‘working
edge’ of the jigsaw puzzle — that is
the levitation — the double-cotl,
circular plate levitator as shown in
cross-section at Fig. 6, having
‘completely cylindrical symmetry
about a vertical axis, was known as far
back as 1939. Levitation of liquid
metals using high-frequency currents
{in the order of 10-50 kHz} was also
much discussed in the 1950s, a typical
coil system being shown in
cross-section at Fig. 7. Again the
geometry was cylindrical, for man
seems reluctant to abandon circles,
even when an alternative is demanded!
However, by 1960 the circular coil
arrangement of Fig. 6 had been
extended in one dimension to enable
rectangular conducting sheets to be
supported and (seen later to be of
greater importance} to enable them to
have one neutral axis along which they
could "be moved without any
electromagnetic retardation.

Figure 8 shows a plane view of such a
levitator in which the aluminium plate
A is capable of unrestrained motion in
the axis indicated by the arrows. [t
was further discovered that, unlike the
circular plate devices in which the two
primary coils required different
numbers of ampere-turns (AT) from
each other and a phase lag of
appro<imately 30° on the inner coil
current, the two coils of the system
shown at Fig. 8 could each have the
same AT and be connected in series
with opposite sense as shown. |t was
then realised that for a very long
primary system the ends of the coils
were not detectable by the sécondary

sheet and therefore from a suspension
stabitity point of view the system is
unaitered if the two coils are replaced
by two narrower coils arranged
non-concentrically, as shown at Fig. 9.
This allows different widths of plate to
be levitated on different occasions
without rewinding the coils.

In 1966 the principles of the
air-cushion vehicle and the linear
induction motor were combined by
the launching _of Tracked Hovercraft
Ltd. {THL) — an.ili-fated marriage of
electromagnetism and aerodynamics $o
far as Britain was concerned, as events
in 1973 were to demonstrate. Earlier
than 1966, Monsieur Bertin had
demonsirated in France the possibility
of an all-aerodynamic system using

air-cushion support and lateral
guidance and airscrew propulsion
{tater to be replaced by rocket
propuision).

When between 1960 and 1970 the

world awoke to the need for a reliable.

high-speed ground transport system,
all but M. Bertin opted for linear
motor propuision, aithough with a
variety of |ift and guidance
mechanisms of which an air-cushion
system was only one possible option.
A  method with the obvious
advantage of requiring no power for

lift was to use a permanent-magnet-

array on the vehicle repelling a
track-mounted system of similar
magnets. Much was claimed for the use
of new magnetic materials in such a
system and it was some time before
the basic properties of permanent
magnets were seen to make them
commercially unacceptable. First,
because an arrangement of permanent
magnets can never be self-stabilising,
some additional stabilising equipment
would be required on both vehicle and
track. Secondly, anycne who designs a
repulsive magnetic system invites the
use of very constricted magnétic
circuits, where only low effective-flux
densities can be achieved without
enormous gquantities of permanent
magnet material. Thirdly, and perhaps

worst of aill, the system is not
electromagnetic in that there is no
current generated in track or vehicle,
and is therefore not entitled to the
benefit of the 'bigger-the-better’ rule
pertaining to electromagnetic systems,
but rather the reverse. It is an irony-of
nature that small magnetic things work
splendidly and only when you have
spent your money on a big version do
you find that you have wasted it!

SERIOUS PROPOSAL

A much more serious proposal,
however, was to use electromagnets —
whose strength could therefore exceed
that of permanent magnets and yet be
controlled — to attract rather than to
repel, thereby employing good
magnetic circuits instead of inherently
poor ones.

The system is a simple piece of
control technology. The track carries a
pair of strips of steel, preferabty on an
‘under surface’ (although vertical
surfaces are possible, using the
less-effective shearing forces rather
than the attracting). The
electromagnet system is fastened to
the vehicle and positioned under the
strips so as to attempt to lift the
vehicie until the magnets make contact
with the strips. Before final contact

occurs, a detecting device — for
example a light-beam and
photoelectric cell — indicates that the

magnets are within x millimetres of
the strips and sends signais to an
amplifier, whose output feeds the
electromagnet, to control their
position at a distance x from the strip.
The same system can then be used for
lateral guidance.

This removes two of the
disadvantages of the
permanent-magnet system. It is stable
and has a good magnetic circuit, but
cannot be scaled up indefinitely
without penalty, the most probable
aspect of which will be seen in the cost
of.track maintenance.

The maximum lifting force per unit
area of poleface from-a magnet is fixed
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Fig. 10: Flux distribution from an induced electromotive force due 1o a large rectangular

cofl moving over a conducting sheet.
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ny peak fiux density and therefore the
total lift can only increase as the
square of length. But vehicle weight
tends to increase with the cube of
linear dimension and therefore a
vehicle scaled up by a factor ot two
requires eight times as much lifting
force and therefore eight times the
magnet pole area. Even if the
mechanical clearance remains the same
for the larger vehicle, the same
magnetic length will be needed to
produce the same flux density. The
magnets will therefore be eight times
as heavy but occupy twice the relative
track area compared with the vehicle
track coverage, in relation to the same
ratioc for the smalier vehicie. If,
however, a greater mechanical
clearance is reguired for the larger
vehicle,- magnet volume will increase
more rapidly than vehicle volume, as
the size increases, and this is a much
more serious limitation than pole area.

Protagonists of the amplifier-fed
electromagnetic suspension system,
often known as ‘mag-lev’ {confusingly,
for the same pame is used for
cryogenic levitation systems) claim
that weight support can be obtained
for such low power input as 1 watt/kg.
No one c¢an doubt this, for a
crane-magnet lifting scrap-iron in a
breaker’s yard can lift 3 tons of metal
for a total input of 80 watts (= 0.027
watts/kg). However, this figure has
virtually no relation either to the size
of amplifier needed or to the power it
must handle. The amplifier is present
in the system to correct disturbances

in supported height or in lateral
displacement (a second amplifier being
required for the latter axis). If the
steel grip in the track is inaccurate to
the extent of 1 mm of height per
metre of track, a 50-ton vehicle
requires 11 watts/kg to correct such a
disturbance when travelling at 450
km/h {a total of over 0.5/MW of
‘handled’ power). The lateral guidance
and roll stability may suffer even
greater disturbances if a gust of wind,
acting on the whole vehicle-side area,
is timed by ill fortune in unison with a
lateral track inaccuracy. Track
maintenance will present real problems
in this respect.

The alternative ‘mag-lev’ system uses
a flarge air-cored superconducting
magnet which has the advantage of
being capable of producing flux
densities in the order of 7 tesla, which
cannot be matched by any other type
of electromagnet. When such a magnet
15 drapped over a conducting plate it
induces currents in the latter which,
being of opposite sense, repel the
magnet that produced them; so lift is
obtained-by such an inductive system.
The penalties are incurred, of course,

in the costs of the cryogenic coil, of-

maintaining it at low temperature (a
liquid helium supply), and of the
aluminium track sheet. It can be
argued of course that the latter is
needed for linear motor propuision
anyway, but whether the same
thickriess will ‘match’ — that is suit —
both requirements is a subject which
so far "has not advanced beyond

fa)
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speculation. A simple coil-and-sheet
arrangement is not laterally stable and
as with feedback amplifier systems
must be repeated in a second axis, so
that the track is not a sheet but a
‘channel” of conductor

FLUX EFFECTS

Figure 10 shows the effect of the
plate currents on the flux produced by
a simple rectangular cryogenic coil at
speed. Flux can redistribute itself over
the surface of a direct-current
electromagnet of any kind without
changing the linelinkages and
therefore without inducing
electromotive forces. The resulting
plate currents are therefore virtually
confined to the back edge of the
magnet. and their effective ‘pole-pitch’
{to use induction-motor parlance) is
relatively small. Small pole pitches
mean low ‘goodness factors’, which is
why the cryogenic fift system requires
targe thicknesses of sheet to
compensate for lack of polé pitch
dimension.

Flux-shifting can be avoided by the
use of rore elaborate coils, such as the
concentric system shown at Fig. 11.
But cryogenic technology has not yet
reached this level of sophistication;
when it does, it will enable secondary
currents to be distributed in long pole
pitches as shown — resulting in high
‘goodness factors' and lots of lift with
thin track sheets. However, there will
then also'be lots of drag! The system is
now seen to be an induction motor in
reverse, having a pole pitch and flux
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Fig. 11: A more elaborate air-cored coil intended to
distribute flux and induced eléctromotive force more

effectively.

DRAG FORCE
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Fig. 13: Developing topology of the magnetic river:

SPEED

Fig. 12: Speed-drag curve of a superconducting

levitating magnet.
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{8} Cross-section through the levitator shown at Fig. 9.

(b} Removal of the outer teeth anad asscciated core.
{c} Repositioning of the return cides of the coil mskes the'

plate unstable.

{d) Reconnection uvf one coil restores stability.
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density appropriate to a 400 km/h
linear motor at rest, and its speed-drag
characteristic is of the form shown at
Fig. 12.

Now such a system is basically an
inductive system, as is the one shown
at Fig. 9. In 1972 an international
exhibition {Transpo 72°) was held at
Dulles, near Washington, United States
of America, where THL proposed that
it, along with organisations from other
countries, should demonstrate a
working model of a practical
high-speed system. Knowing of the
public’'s concern about noise and
environmental pollution, we decided
that the British exhibit should if
possible be all-electromagnetic. It was
realised however, that such systems
were more difficult to make
successfully as they were scaled down,
so it was proposed to invert the linear
motor Ppropulsion system — putting
the primary on the track — and to
it on in short sections as
required, allowing each section to cool
for perhaps 90 percent of the running
time. The levitation and guidance
system already existed (Fig. 9) and it
was clearly possible to put the linear
motor primary between the two
halves. But the width of the levitator
overall was 425 cm on the 9 m run to
which the exhibit was restricted, a
vehicfe longer than 90 cm would look
ridiculous, and to scale down a
practical design meant that the track
width should be only 10 cm.

We doubted our ability to design a
system of that size which could be run
continuously, lamented the fact that
no one would believe us if we ran it
for only three seconds every 20
minutes or told spectators that ‘all
would come right when it was scaled
up’, and decided to attempt some new
shapes which might be better.

‘First of all”, | agreed with my
colieague Dr. J.F. Eastham, ‘we know
that electromagnetic levitation is all a
matter of edges.” In a cross-section of
the levitator of Fig. 9 (shown at Fig.
13(a)) it seemed unlikely that the
edges of the outer ‘tooth’ could
influence the plate edges (it being
known that the best width of plate for
lateral stability bisected the centre
tooth almost exactly). Having —
mentally — removed these teeth, the
iron beneath the coil outer limbs could
clearly go also, leaving us with the
situation shown at Fig. 13(b). ‘Now,’ |
argued, ‘the primary flux links with
both plate and coil (as shown), and a
linkage is a linkage however it is
effected, so #t ought to be possible to
return the lifting currents in the coil
inner members beneath the steel,’ as
shown at Fig. 13(c). This would
reduce our 425 cm wide machine to
20 cm,

Unfortunately, when we tried-out

the system it was completely unstable
laterally. Then Dr Eastham
remembered an earlier occasion when
someone accidentally connected the
machine shown at Fig. 8 with one coil
reversed — which seemed to have a
little effect on the lift and stability. He
therefore reconnected the system of

Fig. 13(c) with one coil in reverse (as
in (a}) and at once obtained stability.
At this point a manufacturer (Linear
Motors Ltd} was consulted and this
firm pointed out the difficulties of
manufacturing 9 m of such primary as
a continuous piece and shipping it to
Washington.

‘Could it not,” asked a THL
employee, ‘be made in sections and
coupled together on site?” | pointed
out that there were hundreds of

strands of wire in each coil and
100-pin  plugs were out of the
guestion. But within seconds Dr

Eastham said, ‘Not only could you
make them in sections, but in very.
short sections each with its own
winding, and you could feed the
windings from successive phases of the
supply’, a concept which eliminated
the need for a separate driving motor.
So was the vital missing piece of the
jig-saw fitted into the pattern.

The magnetic river had come to
light!

NEW SEQUENCE

This single notion was to trigger off a
whole new sequence of thinking. It led
ultimately to a system using only a
single row of transverse ‘C-core’
electromagnets, as shown at Fig. 14(a),
and the ‘Transpo 72° demonstration
was assured of success at only 10 cm
width. But much more was to follow.

In May 1972, the date of “Transpo
72, we were convinced that our track
was no more than a scientific toy —
and a very expensive toy, for it cost
over 220 watts/kg lifted. All but five

[

STABLE IN
ALL AXES

(a)

Fig.14. Single “C-care’ magnetic river
8pparatus in cross-section:

fa/ Return current beneath the core.
b} Return currents led back up each
side of poles.

in the secondary aluminium plate and
the primary windings, making us
realise what a poor system it was when
regarded purely as a motor. But
suppose we took one step back in the
topological chain, to Fig. 14(b}, and
put ‘standard’ windings in what is
effectively just a double row of ‘teeth’,
as shown at Fig. 15. Now the currents
induced in the plate are much better

per cent of the input was lost in heat utilised than those in the crude
R -Y B -R Y -B R =B Y
| e i Wt W e | e,
o o=d ’I-—---l\ ’I-—_-!\ L_—J\ L__.l\ [
s iV A\ v o v
1 X ] I K
s\ 7\ A ras "
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] ] [i (] ) 1 1 (] 1 (]
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=4 t=—d b—-d teoa bewd o
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—-’I,\,\r—"-l’,\\r——s/,\\‘r——'!”\\r——'!/ o f
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PRIMARY ‘C’ CORES ALUMINIUM
COILS PLATE

Fig. 15: The magnetic river seen (pole-face view) as simply a pair of parallel linear motars,
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‘Transpo 72' model — so well used, in
fact, that the machine might operate
at a 90 per cent efficiency (if it were
made large enough). What then
provided the lifting forces?

For a few days it appeared as if lift
and drive could not be had
simultaneously, for we already had
both calculated and experimental
results showing that lift force became
zero at quite a high value of slip, as
shown at Fig. 16. For higher speeds
the lift was replaced by an attractive
force which increased rapwdly with
increase in slip. So who was prepared
to run at half speed and possibly 45
percent efficiency, just to get lift and
guidance?

The final concept came quite
suddenly. In a normal rotary induction
motor, such as might be found in an
ordinary washing machine, there are
two sets of forces acting on the
spinning rotor:

(1} tangential forces producing the
rotation as the result of interaction
between airgap flux and rotor current:

{(2) radial forces arising from pure
magnetic attraction between rotor and
stator iron.

The forces in (2) are some 10-20
times bigger per unit area than those
of induction described in (1). They are
an embarrassment to the machine
designer who finds that, if his rotor be
only a fraction of a millimetre out.of
centre, the radial unbalance of these
enormous forces bends the shaft. It
has been the lament of engineers since
Boucherot (1905) that they cannot
use these magnetic forces in
conjunction with continuous motion.
But if power was associated with them
pro rata, the washing machine motor
could never exceed five per cent
efficiency, and we know this not to be
so. So long as there js no radial

movement, there is no mechanical
power output and no inherent
requirerment for power input

Linearise the machine and the fact
becomes that, for no lateral or verticat
motion, no power loss is necessarily
incurred. It is necessary only to be
sufficiently ingenious to know how to
build vertical and lateral forces into
the design. Then there remains oniy
the problem of how to convert
attractive force into repulsive force at
high speed.

In a conventional rotating machine
the rotor is subject to a radial pull
which is proportional to the square of

the flux density and inversely
proportional to the free space
permeability.

This is expressed mathematically as

follows:— i

Frp =i per-unit area:
21y
where Frp = radial pull.
B = fluxdensity.
Mo = free space permeability..

Few realize that this formula. is
incomplete because, as primary and
secondary cumrents flow in opposing
directions, the field coil and the rotor
repel each other with a force
proportional to the square .of the
current loading per unit length of
airgap times the
permeability.

The formula for this repulsive force
may be expressed as:—

_ Mo J2
A
where F. = radial pull.
J = current loading per unit
length of airgap
Ho = free space permeability.

Thus the full formufa for attractive
force between the rotor and stator is

free-space-

e

LIFT FORCE

|-

SPEED

Fig. 16.Lift force veriation with speed

the difference of the two forces. That
is —

B2 o, J2
STy 2

In- a commercial washing machine
motor the repulsive forceis only a few
percent of the radial attractive force
and hence isusually neglected.

But the basic-rule of linear motors
where airgaps are much larger than in
rotary-motors, is to use wide slots and
narrow teeth so that J is big'and B is
small. Since each term in equation (1)
involves the square of the variable,
lite re-adjustment -of B and J is
necessary. before - the. first term
becomes but a fraction of the second
and the equation may be written in
terms of the repulsive force thus:

{uoJ2/2-B2/210).

Thus by correct-design, the linear
motor may. provide tift as well as
propulsion without extra power input.
While the worid’selectrical machine de-
signers argue about whether feedback
amplifier magnets or cryogenic coils or
aircushions are best for the suspension
of high-speed vehicles, the sparkling
jewel ‘lies exposed: for. all to see. We
can now design linear motors to give
lift and guidance without additional
equipment and for no additional
power input.

So what-are--we waiting for — a
miracie? ®

READER QUESTIONNAIRE SUBSCRIPTION WINNERS

A real thank you to alt those readers who took the time and trouble to reply ta our reader
- questionnaire - we received nearly 2,500 of thern and each has been read as far as comments -

are concerned already. The first analysis has already been done and some useful pointars
have become clear. The total analysis is howsver so complex that we are going to use a

computer for the final results.
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PRICE OF ET!
The selling price of ETJ has remained the
sama since the ine was launched in
April 1972 but like atl magazines we have
been subjected to inflationary costs way
beyond thoss generaily rufing in the
country. Paper.in this fime has increased
in cost by 130%, otir printing costs by
about 40%. e
_ We have beén above to hold our cover
_price at 20p during. the last six months
only due to considerably increased sales
and advertising. Our costs have risen 50
consicerably that we have long since
passed the point where absorption is
pussible and we regrst that the cover
prica from the September issue will be
25p. We have gone-into more detail than
is usuat above in giving specific figures
for our rise in costs'in the hopse that
readers will_appreciats the necessity for
this increase. -

SUBSCRIPTIONS -~ -

Existing subsciptions will of coursas ba
unaffectsd. We aiso intend to kesp the
cost of postat subscriptions st £3.60
(U.K.), £4.00 {overseas) for the time
being despite the higher postal charges.
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AUDIO BARGAINS

8 TRACK
ONLY £11 -

Incl. P. & P. and V.AT..

The latest B.S.R. 8 Track cartridge Replay Deck.

Ready to install in your Hi-Fi Sterao System.

This unit comes complete with Hi Gain Stereo Pre-Amplifier,
4-Programme Indicator Lamps, Track Selector Switch, all
leads and plugs, etc. for 230 volt A. C. mains operation.

wn-MIs-Ilcl AMP f

Incl. P. & P.and V.A.T.
Gnly £]-65 CGrder Code I.C.A. T
on P.C. Board.with all components or

2 on one board for £2.86.
Order Code 1.C.A.1/S.

These amps. are supplied with a free booklet on connecting
up, specifications and easy to build projects using the |.C.A.1.

S & I0W AMPS

b &7 SWony£1.98
4 10W ony £2.49

incl. P. & P. and V.AT.

These matchbox size amplifiers have an exceptionally good
tone and quality for the price. They are only 21 7% 3m,
The 5W amp will run from a 12V car battery making it very
suitable for portable voice reinforcement such as public
functions.

Two amplifiers are ideal for stereo. Complete connection
details and treble, bass, volume and balance control gircuit
diagrams are supplied with each unit. Discounts are avail-
able for quantity orders. More details on request. Chaapest
in the U.K. Buift and tested.

Now availahle for 5 &10WAMPS

Pre-assembled printed circuit boards 2*x3” availabie in
stereo only, will fit - 15 edge connector.

Stereo Pre-Amp 1 (Pre. 1). This unit is for use with low
gain crystal or ceramic pick-up cartridges £1.21.

Stereo Pre-Amp 2 (Pre 2). This unit is for use with mag-
Netic pick-ip cartridges £1.69.

Stereo Tone Control {STC). This unit is an active tone
control board and when used with the right potentiometers
will give bass and treble boost and cut. £1-21.

Instruction leaflet supplied with all units. Post and packing
and V.A.T. included in prices

3W Amps/ i W AMPS
...Stereo Pre-Amps 1,
.Stereo Tone Controls

1 enclose £

.8 Tracks/....

P OW AMDE/

e e S1E7EO Pre-AMpPS 2. ;

I [Please insert quantities and defete those not applicabla}
NAME

l ADDRESS... l
Dept. H, 222/224 West Road,
l BI' . Westcliff-on-Sea, I

Essex SS0 9DF.
Co. Rogn No.B20919 14, 5o uthend {0702) 46344,

\-—_----_ﬁ
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TOPQUALITY PF’
HI-Fl KITS FROM

ELECTRO SPARES

FM VARICAP
STERED TUNER

Featured in the May 1973 issue of ‘Practical

Electronics’, this superb Hi-Fi tuner is

available as a kit for the incredibly low

price of £28-50 including VAT and

postage. Electro Spares supply everything

from the slim-line cabinet down to the last

nutand bolt, and you can assemble itin just

one evening! it's that simple. Incorporating five pre-set
stations you choose yourself, with no difficult drive cord and
pulley systems - spot on station selection every time,
Construction time has been reduced to a minimum through
the use of new pre-set Mullard modules for R.F. and I.F.
circuits. Positively no alignment needed —justasimpled.c.
voltmeter adjustment. Moterola I.C. Phase Lack Loop
Decoder gives perfect stereo reception. Guaranteed first
time results — or send it back, and we'll returnitin perfect
order {for a nominal handling charge).

£28.50 inc. vAT 3ndp ¢ p.

Please send SAE (preferably 9 x 4 minimum) for full details,
Full constructional details ont ly 100 post free.

All parts sold separately.

Only “design approved’ kit available.

SR L
‘GEMINY
STEREO AMPLIFIER

Make this superior quality Hi-Fi unit at
home, using simple step-by-step instructions.
With a specification equal to many commercial amplifiers
costing far more, the “Gemini' built from our kit has a
guaranteed output of 30 watts RMS per channel into 8 ohms.
Full power THD is a mere 0-02%, and frequency response of
—3 dBfrom 20 Hz to 100 kHz into 8 or 15 ochms. Regulated
power supply, 2A, 55 v continyous, 6A instantaneous.
Electro Spares have already sold 100s and 100s of these kits —
and no wonder —they give you a fabulous amplifier which is
virtually the ultimate in Hi-Fl reproduction. In fact, we've
never heard it so good! We supply everything except the
case —and give you various choices of some components.
That's why the total cost, inc. case, can vary from £55 to £60
inc. VAT and p & p. All components as specified by original
authors, and sold separately if you wish.

Full constructional data book with specification graphs, fauit
finding guides etc. 55p plus 4p postage.

Price list only. Please send S.A.E. (preferably 9 x 4 minimum)
for full details.

Get it all together from

ELECTRO SPARES

The Component Centre of the North

288 ECCLESALL ROAD,
SHEFFIELD, $11 8PEA
Tel: Sheffield (0742) 668888.

VISITORS WELCOME EASY PARKING
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RADIOPHONIC

WORKSHOP

Electronic technology evolves its own art forms,

{TOP): Synthi 160 Electronic Music Synthesisér b
(ABQOVE): General view of one of the Warkshop areas showing bank of tuned oscillators.
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A CONVERTED skating rink in the
heart of london’s Maida Vale is the
home of the highly specialized B.B.C.
department, picturesquely known as
the Radiophonic Warkshop.
Responsible for virtually all the
incidental electronic music and effects
for BBC radio and television, it is
unique in that all of its output is
commissioned.  Furthermore, this
output s the product of a small but
dedicated staff  of musicians/
techriicians — the Workshop is not
generally open to outside composers
nor for the production of electronic
music as an end in itseff.

The BBC has, however, issued two
collections, selected from the
- Workshap's sizeable output, that offer
a fascinating insight into the extent to
which electronic
evolved its own art forms.

The two discs highlight different
modes of working, with some common
ground in the manner in which the
final tracks have been realized i.e. by
the synchronized playing of a number
of separate musical tracks.

The individual tracks were physically

separate in the case of the LP “BBC

Radiophonic Music” (REC 25M) —
each completed musical part was laced
up on a separate Philips EL3566
console tape machine and the final
mix  conducted by replaying the
synchronized tapes and recording the
result on a further machine. The
playing of machines ‘wild’ in theory
should not work, but in practice,
synchronization between tracks is
maintained for periods greater than a
minute.

The tracks on the “Fourth
Dimension” LP (RED 935) were
produced on rather more recognized
studio principles with the aid of an
eight-track Studer AB0 recorder.

“’Radiophonic Music”, the earlier
disc, was only pressed in mono, but
notwithstanding, makes highly
entertaining  listening from the
technicai aspect alone.

At least three days concentrated
effort go into a twenty second piece to
produce a final result. After the
compgosition on paper, styled to the
wishes of the programme producer
who has commissioned it, the worker
will explore all possible sounds
suitable for the piece. A dripping tap,
two bricks knocked together, or a cork
pulled out of a bottle, any of these
may fit the bill.

The various sounds are recorded and
after more careful listening and

experimenting, a final selection s

made. -

Provisionally, three well-contrasting -

sounds may be selected; loops of tape

with the selected sounds are played -

continuously on a special recorder
with incremental speed change facility.

technology has .

There are a number of switched steps
between one standard tape speed and
the next and, as reproduced pitch is
relative to the reproducing tape speed,
a scale of notes can be derived froma
single sound. The scale is recorded on
another machine, possibly using filters
to change the character of the notes
and different recording volumes to
give the required dynamic range.

After this comes the exacting task of
piecing together all the notes of one
‘instrument’ in the right order and
taking care to space the notes by
appropriate silent gaps to give correct
tempo.

When the separate musical parts have
been compiled, the final mix is carried
out as already detailed.

At any stage in the process further
tonal modification, reverberation,
envelope shaping or a host of other

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974

Studer A60 8 track
tape recorder.

techniques may be applied to give a
‘different’ sound.

The music? ‘Different’ is one, if
inadequate, way to describe it. Using
natural sounds (though pure electronic
tones are wused when considered
desirable) in this fastidious manner,
unique and quite beautifu! results are

achieved. o,
All the tunes sound fresh’ and it is

possible to identify each composers
individual style. The majority of John
Baker's work has a lively almost
pointillistic arrangement of melody,
counter melody and bass line, each
complementing the pther. He tends to
utilise well-contrasting timbres,
offsetting harsh percussive notes with
more rounded notes with slow attacks.
My personal favourite is “Sea
Sports’’ which features an ethereal
watery reverberation, quite different

Variable speed
Leevers Rich used
to give a chromatic
-scale from a single
note or sound.
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from any effect | have heard before.

To find out more about the basic
sounds he used, | contacted John
Baker; the sound sources he said,
included twanged rulers, bubbles
escaping, plucked undamped piano
strings, metal springs being released
and corks popping from bottles.

The second composer on this record,
Defia Derbyshire, incidentally now no
longer with the Workshop, has a rather
different approach, preferring to
synthesize complex sounds from
electronic tones.

I found her offerings on this disc
highly evocative, especially her “Blue
Veils and Golden Sands’* — it was very
noticeable how tonal qualities and
contrasts have almost a greater role in
her compositions than even the
melody does, although her “Door to
Door”’, with its collection of ‘musical
door-knockers’ shows her versatility
with its infectious foot-tapping lilt.

David Cain is the final compaser on
this disc. Originally qualifying in
mathematics, he joined the BBC as a
studio manager on the drama side. His
works here span a wide spectrum of
styles, ranging-  from Baker's
effervescence  to a  “classical”
Stockhausen-like approach. It is music
for the radio production “War of the
Worlds” was most thought-provoking.

The second record features Paddy
Kingsland's synthesizer work at the

VCS3 Electronic
Music Synthesiser.

Workshop. This stereo disc. contains
twelve tracks composed and produced
by Kingsland for various radio and TV
programmes.

A different style is once again very
evident — on most tracks he uses a
basic  backing of conventional
instruments, drums and guitars with
the melody, and one or more
harmonies produced on voltage
controlled electronic music
synthesizers — these being the British

EMS Synthi 100 and its diminutive,
though nevertheless
versatile, brother, the VCS3.

The Synthi 100, in addition to
numerous sine, square and sawtooth
generators, noise sources;  ring
modulators, envelopé amplifiers, filters
and other signal modifying devices,
contains a three parameter 256 event
digital memory. Programmed by a
conventional keyboard, the recorded
information can be ‘edited’ as required
and the sequence run at any speed in
either direction.

| was rather sorry that Kingsland
placed so much emphasis on acoustic
instrumental backing in view of the
capabilities of the apparatus at his
disposal, but this no doubt must be
partly attributed to the wishes of
those who provide the Workshop with
its commissions.

“Colour Radio” on the second side
has some attractive quasi-vocalisations
but, of this selection ‘‘Flashback’’ and
the title track held my interest most.

In  summary, Kingsland reveals
himself to be a competent and adept
composer and | hope he is given mare
rein to experiment with the Synthi. It
would be an education to hear his
work integrated with an ‘edited-tape’
backing, as featured on the examples
on the earlier disc, instead of the
‘straight” backings he has used here. @
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This article has been based on information supplied to us by
Joe Shelton, Jerry W, Hagood and Ralph L, Norman of the US
Army Missile Command, Redstone Arsenal, and A. T. Chapman
of the Georgia Institute of Technology, Atlanta, Georgia, USA.

ELECTRONS
FROM COLD

EMITTERS

Will this new technique revive valve technology?

IN 1904, Alexander Fleming patented
a device known as the Fleming electric
valve. This valve contained two
elements, a filament that,. when
heated, emitted electrons — and a
plate called an anode.

Later in 1906, de Forest added a
third element This element, known as
the grid, was an open weave screen
placed between the filament and the
anode. An electric charge placed on
this grid controlled the flow of
electrons in the space between the
emitter and the anode.

Such valves formed the basis of ali
radio and ‘electronic’ equipment until
the advent of the transistor in 1948,

Even now, despite the commercial
acceptance of solidstate technology,
valves are still used in many
applications from home TV sets to
high-power transmitters.

In fact a recent survey showed that
the total value of valve sales has
increased steadily despite
semiconductor and IC technology.

Valves fill = applications where
combinations of bandwidth,
high-frequency of operation and

power capability cannot be met by
present semiconductor technigues as
economically, if at all.

Typical of such valves would be the
klystron, the travelling wave tube and
high power transmitter output valves.

HEATED FILAMENTS

Since valves obtain the electrons
required for their operation from some
material which gives off electrons
when heatéd, this material is either

formed directly into a filament or is
indirectly heated by a filament.

At first glance, the heated emitter
appears- satisfactory as a source of
electrons for the valve. However, in
actual devices there are many
problems associated with heated
electron emitters. The emitter heaters
operate at high temperatures and are
very inefficient Most of the input
energy is given off as heat instead of
emitted electrons. The results are
somewhat comparable to that of the
incandescent light bulb where the
input energy is mostly converted into
heat instead of the required light.

Since' the incandescent light bulb is
filled with an inert gas,excess filament
heat is rapidly carried away by
convection; however, in valves
elaborate emitter and/or filament
cooling techniques are sometimes
necessary, especially in higher-power
applications.

The excess heat requires space to be
provided for its dissipation, both
within the valve and the equipment in
which the valve is used.

This is a very serious limitation and
because of this many attempts have
been made to obtain electron emission
from a cold substance.

COLD EMISSION

So far the most promising approach
involves the use of a few million
ultrafine metallic fibres, projecting
from a conducting plate which serves
as the source of the electrons in the
circuit, The electrons are emitted from
the metal fibres when a voltage source
is connected (as shown in Fig.1).
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ELECTRIC
FIELD LINES
S

METAL FIBRE

INSULATOR
s

CONDUCTOR

EFFECT EMISSION ELECTRONS ARE
DRAWN FROM THE METAL FIBRES BY
THE ELECTRIC FIELD FORCE

Experimentally, electrons have been
emitted from single tungsten wires
after appropriate pointing by chemical
means. However, the area of the
individual tip is very small, and
consequently, the current per wire is
also small (less than a microampere).
Many millions of pins of fibres are
required to provide the necessary
electron cumrent to make a useful
device. Further, these fibres must be
spaced so that a million or more are
available per square centimetre of the
emitting surface.

These minute fibres must be
structurally stable under the stresses
encountered in  use,- the high
accelerative forces of a missile for
instance, and under the electric field
forces which are quite high.
Electrically, each fibre must be
conductive and continuous and a
manufacturing  process must be
available to weld the fibres to the plate
which is the source of the electrons.
The final emitter must be designed
such that all fibres project the same
distance so as to subject each of them
to the same electric field forces.

Ideally, one would like a material
similar to that illustrated in Fig. 2. in
this ideal material, in addition to the
characteristics outlined above, each
fibre is approximately the same
distance from all its next nearest
neighbours and each fibre s
structurally supported by a
high-resistance  insulating material,
perhaps a ceramic or glass of high
strength.

The density of the fibres should be
one million to a few million fibres per
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square centimetre surface area and the
size of the individual fibres should be
variable in a controllable manner. The
overall matrix of fibres and the
surrounding insulating material should
be such as to enable its shaping by
common manufacturing processes such
as cutting, grinding, polishing, etc.

Further, one could hope that the
metallic fibres and the insulating
material would differ sufficiently
chemically to enable chemical
processing as well as machine
processing.

UNIQUE COMPOSITES

Recently materials with almost

exactly these demanding requirements
were developed under the technical
direction of Dr. Chapman, School of
Ceramic Engineering,Georgia Institute
of Technology in the USA.,

These materials are a unique class of
composites, called oxide-metal
composites, and contain many very
small metallic fibres uniformly aligned
in an insulating-ceramic matrix.

The composites are produced by
radio-frequency induction-melting

oxide-metal mixtures and using a
technique  cafled  unidirectional
solidification.

Early experimental results at Georgia
and elsewhere indicate these new

materials perform well, Currents of
severa} 100 milliamperes per square
centimetre have routinely been
obtained Maximum currents of 0.5
amperes per square centimetre were
drawn from this same emitter.

These results predict the appearance
of a whole family of new valve devices.
With the elimination of the emitter
heater, circuitry and manufacturing
complexity decrease. The total
absence of the excess heat eliminates
cooling equipment and allows device
packaging in a smaller envelope.

This device has another characteristic
not yet discussed which is extremely
valuable in many electronic
applications — it is truly “instant on”’.
Several TV manufacturers advertise
that their sets are “‘instant-on’’;
however, they achieve rapid activation
of the set after it is turned on by
keeping its valve emitter filaments
activated to some 40 per cent normal
power. This lower power level enables
the emitters to produce electrons very
rapidly after the set is turned on.

Since the new emitter operates at
room temperature, it will give both
picture and sound instantly. It will not
require power during the time the set
is not in use.

It is predicted that this new vacuum
device will replace many present

INSULATOR

METAL FIBRES

- i

CA Yy A

3

AN

OXIDE-METAL COMPOSITE MATERIAL FOR
FIELD EFFECT TRANSMISSION

electronic valves, especially those
utilized in high-power equipment, that
its useful lifetime will be longer than
the heated emitter valves and that it
will result in an overall cost reduction
for the consumer,

The research efforts were sponsored
by the US Defence Advanced Research
Projects Agency: ®

MAPLIN ELECTRONIC SUPPLIES

P. 0. Box 3, Rayleigh, Essex. Tei: Southend-on Sea (0702) 44101

VAT Please add 10% to the final total. Post and Packing
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INTERNATIONAL 422
STEREO AMPLIFIER

m PROJECT 422

This exciting new amplifier
produces a full 50W {rms)
per channel!

SINCE publication of our 100 watt
guitar amplifier, in February 1973,
several thousand have been built and a
surprisingly large quantity of these
have been for home stereo use. People
have used two of these together with 3
separate preamplifier for stereo, and
would you believe it, we know of a
few people using four in a
quadraphonic system!

MEASURED PERFORMANCE OF

This is not as way out as it sounds
for many present-day speakers
sacrifice efficiency to gain quality.
Many high quality speakers need at
least 50 watts (‘rms’) to drive them
satisfactorily.

There is an obvious need for a high
powered amplifier, and in response to
many pleas, we have designed an

PROTOTYPE UNIT

POWER OUTPUT

Both ehannels driven BOW rms
+ 88 Ioads
FREQUENCY RESPONSE
20Hz-20kHz 10,548
CHANNEL SEPARATION
- At rated cutput and 1kHz 4548
¢ HUM AND NOISE
2 With respect to rated cutput
Tape, Tuner and Aux. inputs —78dB
Disc input (re 10mV) —674B

INPUT SENSITIVITIES (for rated output)
Tape, Tuner and Aux. inputs
Disc at 1kHz
Main amplifier

2.1mV

TOTAL HARMONIC DISTORTION

100Hz
1W output 0.14%
5W output 0.17%
10W output 0.16%
50W output 0.27%
TONE CONTROLS
Base +13dB
Treble *13dB
DAMPING FACTOR >70

210mV into 47k

500mV into 10k

inta 47k

1kHz 6.3kHz
0.11% 0.12%
0.13% 0.15%
0.11%  0.13%
0.38% 0.60%
at 50Hz
at 10kHz

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974

inexpensive amplifier that will deliver
a genuine 50 watts rms per channel,
both channels driven, into 8 ohms.
Since most modern speakers are 8
ohms impedance, we have not
designed the amplifier for 4 ohm
operation. Such an amplifier would
require a much larger transformer and
would be considerably mare
expensive, s0 we have decided to

tnternal view of the compliéted amplifier.
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satisfy the many, rather than the few.

As well as being designed to provide
high power at low cost, the amplifier
has been kept simple from the
‘constructional point of view. It uses
the preamplifier from our ETI420
fourchannel amplifier with only a few
minor changes. Tape-in, tape-out and
main amp in/preamp-out facilities have
been provided. Tape monitoring may
be achieved by pressing,
simultaneously, the tape bution as
well as that for the desired input.

A new main amplifier board is used.
This carries the components for both
main - amplifiers (apart from those
mounted on the heatsinks) and the
power supply components, All
components are mounted on a simple
pan-type chassis which slides into the
same wooden case as was used for the
four channel amplifier.

CONSTRUCTION

The construction has been kept as
simple as possible so that a person

with only average electronics
experience should have no problems in
building the amplifier.

The printed circuit boards carry the
majority of the components apart
from hardware items such as switches,
potentiometers and the transformer
etc.

The boards should be assembled with
reference to their component overlays

'making sure that all components are in

the correct position and that they are
orientated correctly.

It is preferable that pins be used to
connect all external wiring to the main
amplifier  board, as this  will
considerably facilitate wiring up the
board at a later stage.

The components  should be
assembled onto the heatsinks with the
aid of Fig. 7 and Fig. 8. Note that a
mica washer should be used on both
sides of the heatsink for each of the
2N3055's so that the BD139-140
transistors may also be insulated from
the heatsink.

a0y

€1 c13
1000t O o

i

The PN3643 transistor, Q13, should
be glued into the heatsink in the
position shown in Fig. 7 and the wires
which connect to the flying leads of
the transistors should also be secured
to the heatsink with glue. The new
quick-dry epoxies are ideal for this
application.

The chassis hardware should be
assembled in the following order:—

1. Fit all the pheno sockets (tape in,
tape out etg), the two-pin DIN sockets
for the speaker outlets and the power
outlet socket.

2, Fit the rear panel escutcheon using
the fuse holders, the main-preamplifier
connect toggle switch, -the earth
terminal and the 3<ore flex “and
grommet, to secure it to the rear
pane!.

3.The heatsinks can now be fitted
by passing the wiring through the rear
panel holes {which should be fitted
with grommets) and securing them
using 12 mm long %" screws. The
screws will screw directly into the

TO HIGHT
SPLAKER
OUTLET
_-\_w
- — % —F
20l -"VW"“—-E%_—-——-—-ﬁ 2
Y e A b E J
O LLF i HEAD PHONF
RNE = SOLXET
owtkur g HST AN K52
FO LT ARE MOUNTED
SPEAKER O SOEKE
OUTLET

Q1 2NE1ES

Q2.Q5.Q7 2N3IGAS,PN3IGAS BCLYY
Q9,017 8010

Q1,Q15 BD139

Qi3 PNIELI

Q1y MI29SS

Q. 2N 3055

RIGHT CHANNEL QNLY SHOWN®
LEFT CHANNEL IS IDENTICAL
EXCEPT COMPONENT NUMBERS
ARE THE EVEN NUMBERS

Le. R16 15 THE SAME AS R15.

e ———

BOTH
& CHANNELS
Rag COMMON

Fig. 4. Circuit diagram of the rnain amplifier foie charne! on ly) and the power supply
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STEREO AMPLIFIER

heatsink-fin spacing which is designed
for such a mounting technique.

4. Fit a cable clamp to the 3-core
power flex and terminate the cable
into a two way terminal block and a
separate earth screw.

5. The power switch and the selector
switch should now be mounted using
12.7 mm spacers.

6. The front panel can now be
mounted. It is secured by the
potentiometers, LED and the phone
socket.

7. Mount the preamplifier board
after connecting coax. or hookup wire
where applicable. The board should be
supported on 6 mm spacers.

8. Mount the power amplifier board,
also on 6 mm spacers, the power
transformer and the bridge rectifier.

9. The interconnection wiring should
now be carried out with the aid of the
schematic wiring diagrams. Note that
the earth lugs of the phono sockets for
right channel PRE-OUT and MAIN-IN
should be linked, and so should those
for the left channel. There is no tink
between left and right and all other
sockets have independent earths.

10.All exposed 240 volt wiring
should: be taped up to provide safety
against personal contact. The capacitor
C18 shoutd be mounted on the power
outlet socket and similarly taped up.

SETTING UP

The only setting up required is the
adjustment of bias current in the
output stage. For this a milliammeter
havinga 100 mA range is required.

Rotate trim potentiometer wipers
such that they are closest to the front.
This adjusts bias current to its fowest
value. :

Remove both fuses from the right
hand channel and the top fuse of the
left hand channel. Connect the
miiliammeter across the left channel
fuseholder from which the fuse has
been removed.

If a variac is available wind the ac
line supply wup slowly whilst
monitoring the bias current. If a variac
is not available the amplifier will have
to be switched on, if there is any gross
fault the remaining fuse will blow but
no other damage should result.

The bias current should be adjusted
to about 25 mA. If it is adjustable, but
too high, increase the value of R21 to
820 ohms. If it is adjustable but too
low, decrease the value of R21 to 330
ohms.

_ i it is not adjustable at a/f check for
errors in the layout or wiring. In a
normal amplifier the range of bias

26

Fig. 8. Printed circuit-Goard pattern: for the main amplifier and power supply (full sizel.
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adjustment offered by the trim
potentiometer should be entirely
adeqguate.

Switch off and replace the missing
left channel fuse together with the

noTES

ALL LA Y IO Q1 AG kM
8§ 7007 Oh

ROUIVALINT WIAE

30C8ET A
wriaet a0 T 0 reQma 1 PN |
30& CONRECT-OM FROW-Trd
6 ATISNKS AnD FC 08D 3LE =1

Fig. 8. Power wiring diagram of the complete amplifier.

Fig. 6. Componént overlay for the main amplifiers and power supply.

Fig. 7. Details of heatsink asssmbly. Note
particularly the orientation of Q13

AYB143/9149
MICA WASHER

tower right channel fuse. Using the
milliammeter across the top
right-channel fuse holder, adjust the
right channel bias current to 20 to
25 mA as for the left channel.

INSULATION INSULATION

Fig. 8 Method of assembly of power and
BD139-140 transistors to the heatsink.

fi e

HOURLGIL OF
IrmEe RS
TweSTEQ

Fig. 10. Signal wiring diagram of the complete amplifier.
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HOW IT WORKS —
PREAMPLIFIER

The output level of a magnetic
cartridge may be as low as 1 mV and
this must be amplified and equalised
before being applied to the tone
controls.

Transistors QI, 3 and 5 form this
equalizing amplifier. The gain is
controlled by RI11, and the
frequency response by R15, R17,
C11 and C13. This complex network
provides the correct RIAA

— e

HOW IT WORKS —
MAIN AMPLIFIER

The input signal is fed via Cl1 and
R1 to the base of Q3 which, with Q7,
forms a differential pair, Transistor
QS is a constant current source where
the current is [5.6V (ZD1) — 0.6
(QS5)1/2700 (R7) — that is about 2
mA. This current is shared by Q3 and
Q7. Transistor Q9 is alsc a constant
current source supplying about 10
mA which, if no input signal exists,

equalization, the desired signal source
and appropriate network being
selected by SWi, 2 and 3 and 4. The
signal is then passed to Q7 which
buffers the output of the volume
control and drives the tone control
network.

Transistor Q9 and Q11 form a high
gain amplifier in which the gain is

determined by the 1elative positions
of the bass and treble controls. The fowsgthoush QL kandBOLESIRE

gain at 1 kHz is approximately 2. differential pait controls Qi1 and

thus the voltage at its collector. >
= = - ————

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1874 27



INTERNATIONAL 422 STEREO AMPLIFIER

HOW IT WORKS
MAIN AMPLIFIER (Cont'd)

The resistors R19 and R21,
together with potentiometer RVI1,
control the voltage across Q13 and
maintain it at about 1.9 volts. But as
Q13 is mounted on the heatsink, this
voltage will vary with heatsink
temperature.  Assuming that the
voltage at points 5 and 9 is equally
spaced about zero volts (ie % 0.95
volts), the current will be set at about
12 mA through Q15 and Q17. The
voltage drop across the 47 ohm
resistors (R25 and R3]} will be
enough to bius the output transistors,
Q19 and Q220, on slightly to give
about 10 mA quiescent current. This
quiescent current is adjustable by
means of potentiometer RV1.

Local feedback is applied to the

output stage by the network R33,
R35, R39 and R41, giving the output
stage a voltage gain of aboutr four.
The overall feedback resistor, R1S5,
gives the required gain control,

Protection to the amplificr, against
shorted output leads, is provided by
fuses in the positive and negative
supply rails to both amplifiers.

Temperature stability is obtained
by mounting Q13 on the heatsink.
Q13 will thus automatically adjust
the bias voltage. Frequency stability
is ensured by C9/R13, C5, Cl11 and
G

Although the power amplfier itself
does not produce a thump .in the
loudspeaker, when switched on, the
preamplifier does. This is because the
preamplifier uses a single power raii
and has to stabilize. To reduce this
thump to an acceptable level, Q1 is

vsed to short the inpur for abour 2
seconds on swirch-on and
immediately after swiich-oir.

The power supply is a convenronal
full-wave brdge with cenire 1ap,
providing + 40 velis and — 40 volrs.
Diode D1 is used 1o rectiiv 2 second
negative supply which s used 1o
control the FETs. Due io the
resistance in series with the diode.
the charge of C24 is slow., In
addition, during the charge period,
C23 is also being charged incieasing
the delay. On swiich off. however.
C23 cannot assisi the voliase on 24
and the off-timing is much shorier
than the on-timing.

The power supply for the
preamplifier is derived by an 18 vol:
zener which is fed Trom the +40 vok
rail via an LED power-on indicator
and R50.

PARTS LIST — Preamplifier

R59 Resistor 100 Ya or oW 5%
R25,26 w229 " v
R11|12 1" lk 1" e 1]
R37,38,43 "  2.2k" o
RA44,57.58 "  2.2k" ®
R19,20 " 3.3k Yo W 5%
R55,56,61,62 '° 5.6k "
RENETNE e 1 ) LR S
R27,2853,3a 1ok v v
R39,40 RN 1) e e A T
.R35,36,41,42 " 15k "' " "
R47 28 R
R63'64 2] 39k " " 1
R3’4 7 3 " 47k " L) 1)
R53,54 2 5 6 Al
R17,18,45 e, 100k ' S
R46,49/50 " 100k * v v
R1.2 S HEAR e o
R9;10,13 0 220Kk v
R14,51,52 ' 230k » » »
R25,30,31,32 "' 470k * " ™
R15.16,23.24 '* 1m " v =

R V1 Potentiometer S0k tog dual r'tary
v2 e 100k lin dual r'tary

pe)

RV3 q 50K lin dual r'tary
RVa U 50K lin rotary
Capamtor 33pF ceramic
ca 252 3pF ceramic
Ci3.1 - 8200F ceramic
C11, 12 25 W 0.0033UF poly-
ester
C26,33,34 % 0.0033LF poly-
ester
C27,28,29,30 ’” 0.033[F poly-
ester
C1,2,19,20 L 0.47F 35V
tag tantalum
c21,22,31,32 L 0.47[F 35V
tag tantalum
C9,10,35,36 g

10 lev
eg;trolytic ¥

C37,36,41,42 " 10UF tag tanta-
fum

8%54,16 Ca p:?citor 22,UF 16V elect"y.tic’

C39 ’"
C17,18 Lt

* PC mounting or tag tantalum

Details of case, metalwork and front/rear panels wiit be published in ETI next month.

»3,4,7 Transistor BC109, BC549~*
1 Jdz2 v i

CS,'B w BC179,BC559
* can be BC108,548 except for Ql.,Q2

SW1-4 Switch assembly
PC board ETi 420 B

PARTS LIST — Main Amplifiers
and Power Supply

R43,44,45,46 Re5|$tor Q. Sohm
7,38 10

R3 1w 5%
R27 128,29,30 " 33 " 1w 5%
25.26,31,32 3 47 " oW
11,12,51, s 220 ” 1w
R33,34,35,36 " 220 " 1w "
R39,40.41 4. o 220 " 1w
R17.,18,23,24 e 470 " W "

R21,22 M 560 2!
RSO Rl lk " 1w L
R13,14,19,20 12k wwh
R1.2 Resistor 1.5k W 5%
R7,8 s 2.7k s
R9,10 4 3.3k Ly
R5,6 i 5.6k dr W
R3,4,15,16 G 10k %
R48 £ 47k feai gt
R4ag 1 100k Pl
Ra7 R 220K 1L
RV1,2 Potentiometer 470 ohm Trim
type
C11,12 Capacitor 27pF ceramic
c7.8,9,10 pFE
C5,6 £ 0 0033

polyester
C13,14,15,16 4 *Z
Ccls g

C24 Capacitor luF 35V electro!yhc L
Cc1,2 7LF 10V

623 [y 10 25V d

Cc3 i 100LF 10V 2,

C19 20,21,22 Capacitor 2500 50V
electroiytic

* should be PC mounting type

Q1,2 Transistor 2N5485
Q3,4,5,6,7,8 " 2N 3645, BCl77
Q9.10.17.18 o0 BD 140

0.1
Q.14JF 250V ac

Ql11,12,15,16 ' BD 139

Q13, 14’ PN 3643
Q19 20 AY 9149, MJ2955
Q21,22 ' AY 8149, 2N 3055

D1,2 dicde IN 914,
ZD1 zener diode BZX70C18 =~

** 20V or 16V will do if 18V ungbtain-

able

DB1 diode bridge 100V, 2A
T1 Transformer 56V CT 1.5A

PC Boardg ET| 422

F1-F4 miniature 2 AMP Fuse and
holders

SwW1 Mains on/off

4 covers for TO3 transistors

4 insulation kits for TO3 transistors

4 extra mica washers for TO3

PARTS LIST — Genefal

Chassis

Front pane}

Rear panel

Wooden box

12.7 mm spacers 4 req.

6.4 mm spacers 9 req.

3 small knobs

1 large knob

1 stereo phone jack

1 LED indicator

2 heatsinks

Miniature DPDT toggle switch
Earth cinding post

3 core flex and cable clamp

3 rubber grummets

6 Yz'' Whit 1'* long screws

17 178’ Whit 3/8" long ¢/s sCrews
4 178 whit 3/8" long c/s screws
17 178" whit 3747 long r/h screws
coax cable

23/0076 cable

10/0076 cable

—
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’ GIRO NO 331 7056
C.w.O.only. P 10p on orders below £5

Expurt Order enguiries welcome VAT lree)

O’ﬁcul Orders accepted from
Educational & Government Departments

ALL PRICES INCLUDE VAT

SPECIAL RESISTOR KITS (Pricet include post & packing)

10EI2 + W KIT: 10 of each EI2 value. 22 chms—IM, a :otal of 57Q{CARBON FILM 5%). £3 65 net

Discounr: £I0-IO°/. £20 15% (except netitems) | 10EI2 W KIT: 10 of each E12 valye, 22 ohms—IM. a total of STQ{CARBOM FILM 5* 3, €3 85 net

25E12 }W KIT_ 25 of each EV2 value, 22 ochms— 1M, a total of 1425(CARBON FILM 5%), £8 35 net
25E12 W KIT: 25 of each E12 value. 22 ohms— 1M, a total of 1425(CARBON FILM 5%.), £8-45 net

20E12 3W KIT: 20 of each EI2 value, 22 ochms—2M2. 2 tocal of 1220 (METAL FILM 5%;, £11 05 nec

ALL QUANTITIES SPECIFIED ABOVE ARE APPROXIMATE.

MULLARD POLYESTER CAPACITORS C280 SERIES

250V P.C. Mounting: 0-01xF, 0-Q154F, 0 022uF, O 033uF. 0-0474F. 3ip. 0-068uF.
0-iuF. 43p. 0-15uF, 42p. 0 22uF, Sip. 0-33uf, 8p. O 47.F, 9p. O- SBnF T12p. 1uF.
1Sp. | -5uF, 23p. 2 - zyF 26p.

MULLARD POLYESTER CAPACITORS C296 SERIES

O 22uF. 84p. 0 33;1F 12p.0-47uF, 1dp.

5p. 0 22.F. 5p.0-33uF, 6ip. 0 47uf. 8ip. 0 6BuF, 12p. 12, 14p
MINIATURE CERAMIC PLATE CAPACITORS
24p. each. 0- 1,0V, 44p.

POLYSTYRENE CAPACITORS 160V 5%

4700, 6800, 10,000, 8¥:p.

400V: 0 001 uF. 0-001SuF. 0 0022uF, 0-003IuF. 0-00474F. 25p. O 0068uF, O-01uF,
Q-015u4F, 0-022uF, O 033uF. 337p. 0 047uF, 0-068uF. ¢ IuF 4ip. O I5.F, &ip.

160V: 0 O|uF. 0 0154F. 0 022,¢F. 3p. 0 047uF, 0:068uF. 3ip. O-1uF. 45p. 0-15aF,

RESISTORS
CF—Migh Stab Carbon Film, 5%, MF—rligh Stab Metal Film, 5%

. W. Tyoe Range 1-99 i00-499 500999 1000 Size mm
L GER 22 i 075 0 60 0 55 2-4.7-5
& CF 222M2 i ¢ 75 0 60 0 55 19x105
i CF 22.1M ! 075 9 &0 0 55 5 5x1é6
¥ MF igaM7 2 I 54 132 [ 3x7
; ME 10.2M2 2 | 43 121 0 99 422108
I MF 10-10M ) | 98 [IR:1] I 65 6 6213
2 MF I9.10M 45 15 3 08B 275 Bx175

For value mixing prices, please refer to gur zaialague.
VALUES AVAILABLE—EI2 Series anly

iprice in pence each}
INet prices above 100)

50V: {pF) 22, 27, 33, 39, 47 56, 6B, 82. 100, 120, 150, 180. 220. 270, 3130, 190. 470.
560, 680, B10 LK, IK5. 2K, 3K 3, 4K7. 6K8, (4F) 0-00_0-015, 0 022. 0 033, 0-047,

(pF) 10, 15, 22. 33. 47, 68, 100, 150, 220, 330. 470, 680, 1000, 1500, 2200, 3300.

B H c 0 M Po N E NT FACTO R s LTD Tel. : Cheddingtoh 668446 i5td. Code 0296+

PRESET SKELETON POTENTIOMETERS

MINIATURE @ 25W Vertical or ror.zontal 6p each 1K, 2K2, 4K7, 10K. etc.
upto |M

SUB-MIN O 05V Vertical. 100 (! to 220K 02 5p each

61 CHEDDINGTON ROAD, PITSTONE.
NR LEIGHTON BUZZARD, BEDS. LU7 S9AQ

PLEASE WRITE FOR FREE CATALOGUE

Aaasas Ty

iniature E Iyti VEROBOARDO 1 0-15 | POTENTIOMETERS

[ ¥ Hl‘,‘lhrd it 2i x 28p 28p | Carbon Tuck 5K} to2M Q. iog or lin. 5rng|= I6;p Du.ﬂ Gang 469 Lo. Singig weth switch 26p
voey ein g tovee [BXhe R R ] ST R IR i ot ot S oy

M Y 1 -

2 IWF 63V 63p  1004F 1avelp | 31 %3, Jee J32 I Diopes | pLucs ELECTROLYTIC CAPACITORS. Tubulsr & Larze Cans
3:-3uF & &ip 100uF 25V 63p 2 x b 7p 7p | IN4DOI 6;p | DIN 2Pin 120 | (uFIV.: 1125 2F7%. 4125 4 7,10, 5i25. 8:25, 10/1D. [0 50 1625,
4:0uf 40V &4p  100af 63V ldp | 510 o~ (p1yin) — 14p | INS002Tip 3 Pin 13p | 22163, 25125, 25750, 3225, 50 25 10C,10. 100125. 6 p. 50 50. 8p.
4-7uf 63V 6ip  1504F 16V 6ip | 31 33 (plain) —12p | iN4007 9p | 5 Pin 180° ISp | 100750.200725. ilp 250,50. 18p. 500.10. Ilp 500725, 15p.
6-8uF 83V &ip 150uF 63V 150 | 5°.733% (Plain) ——22p | IN4004 9;p [ Std.fack t4;p | 500/50. I8p. 1000°10. 15p 1600125, 220 100,30, 40p 2000-10.
8-OuF 40V 63p  2204F 6 aveip | P 7% U500 59p 59p | IN4005 13p | 2.5mmjack lip | 20p 1000/100 90p. 2000'25. 30p 2000:100. 95p 2500725 38p
‘ug,‘; {gx : P %}gu; 123 65;. Tre Coay 44p 44p | (N40O0E 14p | Phono 5;p | 2500.50. 62p. 3000/50. B0p S000/25, 66p 5000 50.€1.10

WOLE 63V &ip  2204F 63valp L runs Pk 25 10p 10p | IN914 Tp | SOCKETS HIYOLY: 41450 14p 3350 1% 8 :50 10p 16:350. 225
I5.F 16V 63p  1304F 16V 12p L. ,zg DIN2Pin 100 | 16/450. 23p, 321350, 33». 50i 250, 20p. 100°500. 8

n [

E T O Igﬁ;‘i‘,?cggfm 120 | @45 425 | 5 pin 160+ 120 | METALLISED PAPER CAPACITORS

DL ey 0 o D20 M BRI 2Ol 2o CBC 2130 KT b ey Lol Sediitacks RlapmRi RSO0 oI SRR F on Rt e o s
I BV elP aotE TNl I ACier T BERiEC 15p | ©A8! 116 | 2 5mm fack Sip | 0 025.0 05, 6p © .6p.0 25.7:p O S 9p }000V:0 01! np.
B34F GOV 6ln  SBOLF 4ov1sn | BCI08 128 OC44 18 | OA200 8p | Phono Sip | 0 022 13p.0 047, 0 1. 15p. 0 22.23p G 47.28p.

AIuF 16V &3p 1000uF 16V 20p | BCIO9 (3p OCT! 1lp [ integrated Screened Wire. Metre 55-9 NEW KIT 5E12 W METAL
33.F 40V 63p  10g0uF 25V 25p | BCI48 12p OC8! 16p | Circuits Twin Screened Wire, Hetre 19p | FILM 5% ULTRA [OW NOISE
12uF 63V &ip 1500uF 6-4 15p | BC149 12p OCI70 23p | ,A709C 50p | Sterec Screened Wire, Metre 12p ] NEW RESISTORS WITH FULL
47uF 10V &4p 1500uF 16V 25p | BCI82L llp TIS43  33p | ,a74IC S5p | Connecting Ware, A1l colours, Metrs 2.0 | €EOLOUR CODING 5 EACH

47uF 25V 64p  2200uF 10V 25p | BCI183L 12p 2N2926 llp | 4A723C £1 | Neon Bulb, 50V Wire Ended S for 24p | ET2 VALUE 10R-1M, TOTAL
h47uF 63V ap 33004F 6-4 285 BCI84L 13p IN1702 Hp | ZNata  £1.32p | Panel Neon. 240V Red Acmser, Clewr 20p | 305 €2.75

The SPARKRITE MK 2 is 3 full capacitive discharge electronic system.
Specifically designed to retain the points assembly — with afl the
advantages and none of the disadvantages. No misfire because contact
breaker bounce is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the
points bounce open at high rpm. Contact breaker burn is
eliminated by reducing the current 10 about 1/50th of
norm, thus avoiding arcing. But you can still revert

& normalignition if need be. In seconds. If points

go {very unlikely) you can get replacements
anywhere. All these advantages.

@®Fitted in 15 minutes. ® Up to 20% better feel
consumption. @Instant all weather starting. ® Cleaner
plugs - they last 5 times longer without attention.

@ Faster acceleration. @ Faster top speeds.

® Coil and battery last longer. @ Efficient fuel
burmning with less air poljution.

The kit comprises
éverything needed

Ready drilled scratch and rust resistant case, l
metalwork, cables, coil connectors, printed
circuit board, top quality 5 year guaranteed
t-ansformer and components, full
instructions 10 make positive Or negative
earth system, and 6 page installation
instruction leaflet.

WE SAY IT IS THE BEST SYSTEM AT
ANY PRICE!

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974

SFHRARITE Mk II
A

Electronic Ignition... Betteronall points
Because you keep your points!

Sparkrite MK 1 ~ fuil capacitive discharge clectrome
Fystem — nO! jull 3 transistoried mdoctive discharge booster.

PRICES

D.LY. Kit only £11.62 incl. VAT and P & P

Ready Built Unit £14 85 incl. VAT and P & P

{8oth to fit &l cars with coii/distibutor ignition up 10

8 cylinders).

We can supply units for any petral-engined vehicle {boat,
motorcycle etch with coil/contact breaker ignition.
Derails on request. Call in and see us for a demonsiration.

rORDER NOWTO- T 1

ELECTRONICS DESIGN ASSOCIATES
{Dept ET 8 ) 82 Bath Street, I
Walsali WS1 3DE Phone 33652

Please supply:

Sparkrite Mk.2 D.1.Y. Kit{s] at £11.62 each incl.

VAT and P & P (Will make pos. or neg. earth).[]

Sparkrite Ready Built Neq. Earth Unitls)
at £14.85 each incl. VAT and P & P

O
Sparkrite Ready Buiit Positive Earth Unitls) I
at £14.85 each incl. VAT and P & P [m]

NAME . - l
ADDRESS ..— T e

s L T e ;l

1 enclose cheque/P.0. for £__
Send SAE for brochure.

S K ——_—
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METER

Solid-state meter displays temperatures — even from distant points

AN ELECTRONIC temperature meter
is an extremely useful instrument, and,
is far more versatile than the mercury,
or aicohol-in-glass types. For example,
the temperature sensing element does
not have to be located with the meter
and thus, a remote sensor could be
used 1o monitor swimming pool
termperature on a meter readout
located within the house.
Additionally, several sensors may be
used, e.g. monitoring temperatures of
pool water, outside air and air inside
the house. This is simply achieved by
running separate sensor leads back to
the meter and using a switch to select
the appropriate sensor.

Many devices are capable of being
used as temperature sensors. Examples
of these are the thermistor, - the

The completed temp-
erature meter. Note
that the sensing

dioda isshown
mounted on the board.
This would normally
be located remotely
with a pair of leads
running back to the
board,

thermocouple and the semiconductor
diode junction,,

The voltage across a forward biased
diode junction, whether it is part of a
transistor (e.g. base emitter) or a
discrete diode, has a negative
temperature coefficient. This means
that with an increase in temperature
the voltage across the diode drops.
This effect is normally detrimental to
stable operation of other circuitry but
may be used, as in this circuit, to
measure temperature..

CALIBRATION

The meter is calibrated by adjusting
the meter at two known temperatures.
The temmperatures of melting ice and
boiling water should be used as
reference points.

With the diode sensor and the
thermometer immersed in melting ice,

+9v

t PRESS TO
READ

R10
330

adjust RV1 to read 0°. Then insert the
sensor into boiling water and adjust
RV2 for 100°, A kettle is ideal for the
boiling: water adjustment or some
vessel that restricts the steam to some
extent, Do not use an electric jug
having an exposed heater element.

A known ambient temperature can
be used as the low reference if desired
by first adjusting RV1 such that the
meter reads 0° with the sensor .at
ambient temperature. Then with the
sensor in hot or boiling water adjust
RV2 such that the meter reads the
difference between the two
temperatures. With the sensor back at
ambient (allow time to cool) readjust
RV1 to read the actual ambient
temperature.

Recheck the meter at both set points
for which ever method of calibration is
used. @
e . oo e
SPECIFICATION
Temperature Range 0-100°C
Sensor silicon diode
Scaling reasonably linear

over 0-100°C
AT e e T

HOW IT WORKS

The negative temperature
coefficient of a diode is of the order
of 2 mV/®C, and in our circuit, this
voltage is measured by a differential
amplifier Q; and Q3.

The diode has an offset voltage of
0.5 mV which is compensated for
by RV1. A differential amplifier is
used so that vapations in transistors
due to temperature do not affect the
calibration. .

As there is no instrument warm-up
time, it is suggested that a
push-to-read button be used to
switch on power in order to extend
battery life. Battery drain is about 10
mA when the meter is operational
hence, if continuous readout is
requited, a small power supply
should be used.




What to look for in Septembers ET?

GREATETI
READER
OFFERS

Full spec, new, numerical displays with a
decimal point. These LEDs can be used
with this month's CT5001 chip {(circuits

will be given). Thesa devices are 50 cheap
that they can be used for hitherto unecon-

omical functions: switch indicators for

instance. Price Includes VAT and postage.

7-SEGMENT 0-33” LED DISPLAYS

dufilg

DIGITAL CLOCK
KIT

A superb digital clock

kit which has only just been
introduced and which is now
being sold for £32,62.

The finished product looks
excellent as it is housed In
an award-winning designed
case. For ETI readers only,
the price for a limited period
will be:

£2150

‘OTHER FEATURES
INCLUDE:
PRODUCT TESTS, ETI
MUSIC SYNTHESISER

BYTING THE SCENE

Computers today can be fed with a lot

maore than punched paper cards, tape

q etc. and can accept visual scenes as
long as these are converted to digital

form. How this is done, and what

tields it opens up, are discussed in

next month’s ETI.

=S

may affect the final contents.

SEPTEMBER ISSUE — ON SALE AUGUST 16th
The features mentioned here are, at the time of this issue
going to press, in an advanced state of preparation. How-
ever, circumstances, including highly topical developments,

IGNITION TIMING LIGHT PROJECT

Several years ago you were able to set your ignition timing simply
by listening to the engine. Today's improved petrols make this
impossible. By using our ignition timing light described in next
month’s ETI, you will be able to set the ignition accurately and
easily, ensuring the best perfermance and petrol consumption.

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974

ALL AT SEA

In a recent issue we had a feature dealing

with electronics on the surface of the sea.
This covered navigation etc. A compaqion

article in September's ET1 will cover the
use of electronics undernsath the surface
of the sea.

electronics

today ~r-enevonn
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inclair ambridgerlv(ivt.v
Was £27-45.

Nowonly

£14-95!

{INC VAT)

You save £12-50!

An advanced 4-function
calculatorin kit form
The Cambridge kit is

the world’s largest-

selling calculator kit.

It’s not surprising — no other
calculator matches the
Sinclair Cambridge in
functional value formoney;
and buying in kit form, you
make a substantial saving.

Now, simplified manufacture
and continuing demand mean
we canreduce even the kit price

by a handsome £12-50. For
under £15 you getthe power
to handle complex calculations
in a compact, reliable

package — plus the interest

and entertainment of building
it yourself !

Truly pocket-sized

With all its calculating capability,
the Cambridge still measures just
41" x 2" x3%". That means you can
carry the Cambridge whereveryou
go withoutinconvenience —itfitsin
your pocket with barely a bulge. It
runs on ordinary U16-type batteries
which give weeks of normal use
before replacement.

Easy to assemble

All parts are supplied —all you need

provide is a soldering iron and a pair of

cutters. Complete step-by-step instructions are
provided, and our service department will back
you throughout if you've any queries or problems.

Totalcost? Just £14-951}

The Sinclair Cambridge kit is supplied to you
direct from the manufacturer. Ready assembled,
itcosts £21-95—so you're saving £7 | Of course
we’'ll be happy to supply you with one ready-
assembled if you prefer —it's still far and away
the best calculator value on the market.

Features of the Sinclair
Cambridge
¥ Uniquely handy package:
1"x2"x1%", weight 3% oz.
¥Standard keyboard. All you
need for complex calculations.
+=Clear-last-entry feature.
#Fully-floating decimal point.
Algebraiclogic.
X-Four operators (+, —. %, = ).
with constant on all four.

2= Constant acts as last entry

in a calculation.

% Constant and algebraic
logiccombineto actasa
limited memory, allowing
complex calculationsona

calculator costing less
than £15.
¥%Calculatesto 8
significantdigits.
¥Clear, bright 8-digit
‘ display.
d %Operates for weekson
~.. four U16-type batteries

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974



A compete kit!

The kit comes to you packaged ina
heavy-duty polystyrene container, It
contains all you need to assemble
your Sinclair Cambridge.

Assembly time is about 3 hours.

Contents :
1. Coil.
Large-scale integrated circuit.

2.

3. Interface chip.

4. Thick-film resistor pack.

5. Case mouldings, with buttons,
window and light-up display in
pasition.

. Printed circuit board.

. Keyboard panel.

. Electronic components pack
{diodes, resistors, capacitors,
transistor):

. Battery clips and on/off
switch.

. Soft wallet.

This valuable book — free!

If you just use your Sinclair Cambridge for
routine arithmetic —for shopping,
conversions, percentages, accounting,
tallying, and so on ~then you'll get more
than your money’s worth.

Butif you want to get even more out of it,
you can go one step further and learn
how to unlock the full potential of this
piece of electronic technology.

How ? It's all explained in this unique
booklet, written by aleading calculator
design consultant. In its fact-packed 32
pages it explains, step by step, how you
can use the Sinclair Cambridge to carry
out complex calculations.

— g e — |
Sinclair Radionics Ltd, London Road,
St lves, Huntingdonshire

Reg. no: 693483 England
VAT Reg.no: 213 8170 88
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Why only Sinclair can make you this offer

Thereason’s simple : only Sinclair—Europe’s largest electronic calculator
manufacturer — have the necessary combination of skills and scale.

Sinclair Radionics are the makers of the Executive —the smallest electronic
calculatorin the world. In spite of being one of the more expensive of the small
calculators, it was a runaway best-seller. The experience gained on the Executive
has enabled us to design and produce the Cambridge at thisremarkably low price.
But that in itself wouldn’t be enough. Sinclair also have a very lang experience of
producing and marketing electronic kits. You may have used one, and you've
almost certainly heard of them —the Sinclair Project 80 stereo modules.

It seemed anly logical to combine the knowledge of do-it-yourself kits with the
knowledge of small calculatortechnelogy.

And you benefit!

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

The Sinclair Cambridgeis fully guaranteed. Return your kit within 10 days, and
we'll refund your money without question. All parts are tested and checked before
despatch —and we guarantee a correctly-assembled calculator for cne year.

Simply fill in the preferentizl order form below and slipitin the posttoday.

Price in kit form: £13-59 4 £1-36 VAT. (Total: £14:95)
Price fully built: £19-95 4 £2-00 VAT. (Total: £21-95)

e

To: Sinclair Radionics Ltd, London Road,
I St lves, Huntingdonshire, PE17 4HJ

Name

| Please send me = =
["1a Sinclair Cambridge Calculator kit at
£13-59 -;- £1:36 VAT (Total: £14-95) : = e
[1a Sinclair Cambridge calculatorready a4

I Buiit at £19-95 + £2-00 VAT dress
{Total: £21-95)
*| enclose cheque forf—— __, made -~ — =
out to Sinclair Radionics Lid, and
crossed.

I *please debit my *Barclaycard;Access

i
b

e — RS

account. Account number

ETI/8/74. PLEASE PRINT
A O e T N G L S e e S (I S S

*Delete as required.



Signetics PLL, National
linear and digital, ECL
from Fairchild etc. ?
Devices like the 95H90 -
a decade counter at 220
megs. £9.05. Or the AF
amplifier LM380, by Nat-
ional for only £1.00.

See our new A4 size data-—
logue for details of our
full range of devices,
modules, and our unigque
datacopying service.

3 . & o
The AMBIT catalocgue is
full of data - get your
COopy now

Did you know we supply

iNoyeRil

Lomponent
atorager

A TREMENDOUS CFFER OF
QUALITY STEEL UNITS AT
= BARGAIN PRICE,

F26-06

A 6 drawer metal cabinet with poly-
styrene drawers, each drawer front
filled with twin label holders for
indexing and easy identification. This
flexible filing system accepts a 9
section insert for component storage
giving 54 compartments measuring
75 x 103 x 26mm.

PRICE OF CABINET
(excluding insert trays)

9 compartment inserts are 56p
each incl. p and p and VAT.

F26—06 and F55—03 Insert trays
can be purchased separately minimum
quantity of 6 each,

F55-03

This unit offers facility for 45 com-
ponent storage compartments meas:
uring 72 x 57 x 55mm.

PRICE OF CABINET

{excluding insert-trays)

15 compartment inserts are

80p each incl. p and p and

VAT. :
DELIVERY: Please allow £8.48
approximately 14 days. b

PLANETRON SYSTEMS
Dept. 24
76 CASTLE STREET,

FARNHAM, SURREY,
(MAIL ORDER ONLY)

34

BUILD THE

TREASURE
TRACER
) MICHI

AS SEEN
ON BBC-1

TV

® Genuine 5-silicon transistor circuit,
does not need a transistor radio
to operate,

® |ncorporates unique varicap tuning
for extra stability.

® Search head fitted with Faraday
screen to eliminate capacitive
effects.
Loudspeaker or earphone operation
{both supplied).

@ Britain’s best selling metal locator

kit.

Kit can be built in two hours

using only soldering iron, screw-

driver, pliers and side-cutters.

Excellent sensitivity and stability.

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 stampad, self-acddressed envelope
or litarature.

Complete kit £g 80
with pre-built
s Plus 35p Post :

search coil finc. VAT)

‘ Bum,tested £13 75|

Pi P
'Guaranteed (l::::VSXT,OSt

MINIKITS ELECTRONICS,
35d Langley Drive, Wanstead,
LONDON ET1 20N

{Mail order only)

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974



bTo001 GRLGULATOR GHlP

LIMITED TO THE FIRST 500 ORDERS

Suggested displays are:

i) Hewlett-Packard HP5082/7731
0.3" red LEDs; ii} Minitrons-
3015F; iii) Opcoa SLA 11R, 0.33"
green LEDs; iv) Litronix DL707R
LEDs.

There are only 500 of these
chips available and orders will be
dealt with in strict rotation. It is
emphasised that this chip is offered
mainly for those wishing to experi-
ment with a calculator chip, rather
than for those wishing to build a
practical calculatof.

The CT5001 offered here is a full spec
Cal-Tex calculator chip with a 12-digit
capacity. We are not doing this as a
normal constructional feature and the
circuits shown here are intended only
as a guide. Those purchasing the 1.C.
will be sent a spec sheet which gives
lead configurations etc. as well as
additional information.

The chip can be used with LEDs
and Minitrons; circuits are given for
both. The displays must have a
right-handed decimal point,

NOTES

1. The signal from the chip keeps the digits
off for most of the time. If power is applied
to the digits and not the chip, ali displays
will g0 on and will disSipate about sixteen
times the normal power. it is advisable to
appty power initially to the I.C. and then to
make temporary connection to the digit
power supply to ensure all is well before a
permanent ¢connection i5 made.

2, Counter. a) Connect the % pinto Vpp.
b} Electronically key the ‘1' key. Thel.C.
will count and display the number of ones
keyed. The number is displayed whenever
the ‘1’ key is up. The maximum pulse rate
is about S0Hz. To reset press the Clear key.
The ¥ pin can be left connected to VDD
whilst resetting. See Fig.8.

3. Timer/Counter, Using the I.C. as the
counter described above, it ¢an, with the
addition of some TTL circuits, be made
into a frequency counter. The freguency
to be measured must be divided by a

Continued avarleaf

.
|
&VS5 & ;
F CECTINY ) oo LR
i LI y B
i g
= VREF g
2.2k —J;Z
1 1
VGG
B1-D4 1N4DD1 for & 2 brdss
Finitrons, TN914 for
LEDs 9 < vl SO
Vg = e ;
- oo
[ | o

Fig.1. Circiit diagram of the input. The transistors can be almost any silicon type
such as 2N3708, 2N706. All diodes are 1N914 or simifar, Capacitors can be any type
except ceramic.

For Minitrons + -24V:unsmoothed 01-05 1AGG0V . Q1 BFXS8 ete, Q2.03 2NI702 ate. l o Vss
DIE 100 VGe (—21V) 1BV
—l g / - = ude ;
I +
Yy HE
D1 § v
—— ==
24V ac. ’ Vop
100mA if driving YoB (13 +
cakculator only, ——
1A | driving ! F v
Minitrons. D4 =
T
VGG and

TTvss (ov) MINITRON POWER

Fig.2. Powsr supply circuits. On thedeft is the one for meins,.on the right for batteries.
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ETI/SINTEL CT5001 OFFER,
. 53 Aston Street, Oxford OX4 1EW.

Please find enclosed my cheque/P.O. for
£3.00 for my CT5001 {cheques eic. to
be made out to Sintel). 1 also enclose a
saif-addressed, stamped envelope for the
raturn of my monay should the offer be
over subscribed.

To:

Oftfer closes August 31st,1974

|
|
This offer is limited strictly to ons I.C. per |
coupon. Readers may order more than |
one device but a separate coupon must be |
enclosed for sach. i



D1

Digit Drivers
{one per digit}

CT5001

D12 |

Sapr———— e —

DISPLAYS

Sg

D.p.
i

e
Segment Drivers
{one per segment plus decimal point}

Fig 3. Basic arrangement for the display.

b -IDIGIT DRIVER
VREF
Digit A
pin on N9
5001
33k
Q2
VGG
To Minitrd& v
unsmoathed Z4V
SEGMENT DRIVER
Vet
To pin Q4
on 5001
[
3k
To segments via diodes
VGG
—
Pin 59
CT5001

2N3708 ete.

Voo
Fig.8. Electronic ‘1’ key,
see notes,

NEXT MONTH’S

READER OFFER:
FIVE 0.33” LED

1 .
f—a— s
b
g
1 16
b 4 = 4 F
= 14°
4 t=——o3
BIT o] ki
= 11
&7 —
1] L LL{ | ToDigit Orivers
Th .1 &
q o
o

Fig.5. Connections for Minitrons. All diodes
are IN914 or simifar. Connections te [ EDs
are the same but the diodes are not required.

DELAY CIRCUIT

Q1,03,04 ZN3702 etc.

Q2 BFY51 etc.

SEGMENT DRIVER

Continued from previous page
convenient number, using the TTL, so
that the output is less than 50Hz, and
this output must be gated into the chip
for a known period.
4. Stopwatch. instead of electronically
keying ‘1" as in note 2, any Other number
(up to 9) may be used. The maximum
rate is less than SOHz for larger numbers.
Hawever, if ‘2's’ are keyed in, the 50Hz
rate is still usable. Thus if a 50Hz signal
derived from the mains ar a stable ascillator
is used to key *2's” in, the I.C. will indicate
time elapsed in ane hundredths of a second,
accurate to one fiftieth of a second.
S. Accurate Long Delay Generator. if, say,
THz pulses are obtained to activate three
monostables so that each pulse causes
electronic keying af the ‘1’ key {or some
other digit) and then the minus key, the
calculator will automatically ¢count down
from & number initially loaded into it.
When the total in the i.C. gets to minus 1,
there will be an output from the negative
pin to activate some device.
6. Counting Faster than 50H2. If numbers
larger than ‘1’ are keyed into the I.C., 2
countin%_rate over SO0H2z can be achieved.
Some TTL counter, gates, etc, can be
arranged to key '9' into the tatal at about
25Hz as pulses of about 250Hz arriva.
When the end of count time is reached,
the TTL can be arranged to key the figure
from a butfer counter into the 5001, In
this wafy it is possible to achieve count
rates of up to abaut 250Hz.
7. Keyboards. We have successfully used:
a) Surpius microswitches, b) Eagle SW5
push-buttons, c) Surplus reed relays with a
magnetic pen, d) A keyboard. The cheapest
methad is probably using the surplus reeds.

DIGIT DRIVER

IN {D1-01
ents)

1
|
I

Q5

Fig.4. Digit driver, segment driver
and delay circuit for use with

Minitrons. These are connected
from the chip to the arrangement

~
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Vgsg i
D1.D4 IN4001 ..!
|
Q3 |
2 5 ||
S A A1
144 sv TR
To delay ! 1548 |
11 1 circuit 15
connections — |
of digit driver Ji % I
|

in Fig.5. The delay circuitis to
switch on the digits after the 5007
to protect the Minitrops.

NUMERIC DISPLAYS

FOR £3.301

These LED’s are ideal for use
with this month’s offer but
different segment and driver
circuits are needed. These

will be given next month.
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Fig.7. Segment and digit driver circuits for 0.33” LED displays.
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TWO YEARS AGO there were small electronic calcula-
tors about, but you had to think in terms of at least £70
and the choice was very limited. Today there are masses
to choose from with several costing less than £20.

In Britain we are just beginning to see mass sales of
calculators, In Japan and the U.S.A. this point was
reached some time ago and it is this situation, rather than
the local one, that has pulled the prices down. It is
difficult to predict if prices will fall as dramatically as
they have done in the last eight months, Sconer or later
there is bound to be an £8 calculator but it may not be
for a very long time.

The variety of types is daunting, even to those who
try to keep up with these things. In the preparation of
this: feature we managed to track down considerabiy
more calculaters than those shown but they have not
been included for a variety of reasons. The main reason
for not being included is that current models are shortly
to be replaced and stocks were now selling out., A
number of calculators are not widely available and have
not been included for that reason.

We have been very loose in our interpretation of
‘hand-held’. Relatively few are true pocket size and
many of the small ones are designed primarily for desk
top operation. We have not dealt with the larger mach-
ines, print-out types or non-portables.

Although this feature has been planned for some time,
the final information has been gathered very recently to
make it as up-to-date as possible. However there are
continual changes and readers will be well advised to
check prices before buying; current trends mean that
these will normally be lower.

We have included recommended ' retail prices oniy.
Some calculators are available at considerable discounts
while others are only sold at the recommended price.
We have included VAT in all prices. Avoid being
impressed by high percentage discounts - these are often
on fast year’s recommended prices. It is only what you
pay that matters.

ANALYSE YOUR REQUIREMENTS
Before you even look at prices, work out what you want
out of your calculator. This sounds obvious but we know
of several people who have calculators wholly unsuited
to their purposes. It can be surprisingly difficult to pre-
dict your needs unless you have had experience of using
a calculator.

At ETI we have a company calculator which is used
for the editorial, accounts and advertising. Before we
had it we never felt the need except on rare occasions -

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974

but once you have the facility, your working methoas
alter: you no longer rely on crude estimates for highly
complex calculations as the true answer is so easy to
derive. It is also very quick to double-check figures and
you get in the habit of doing this.

If you are doing a lot of financial calculations such as
percentage discounts and VAT, a constant facility and
percentage key are very useful although on even the simp-
ler calculators you quickly get used to doing without
these if you have to.

If your calculator is going to be used ih one place for
several hours a day a mains power supply, or at least
rechargeable batteries, have obvious advantages.

A number of people are put off an otherwise satisfac-
tory calculator by entry methods which are unusual.
With some calculators for 3 — 2 = 1 the numbers are
entered 3+ 2 — = 1, This appears awkward at first but
one rapidly becomes used to it and it is not a serious
drawback.

Calculators with a memory have obvious advantages
but they are considerably dearer and if the occasions on
which it is required are few and far between this facility
may be wasted {you can always jot the number downl).

SCIENTIFIC CALCULATORS

There are a number of scientific calculators available,
These can rapidly solve extremely complex problems if
used properly. However, they are a different breed and
are less useful for basic four function arithmetic than
cheap ones. In their own field however they cannot be
compared to the simple types. .

GUARANTEES AND SERVICING

Theoretically, calculators should not go wrong once they
have left the factory but in our experience a high propor-
tion do go wrong in the first month. This is not meant
as an indictment of the manufacturers but as advice to
purchase your calculator from a reputable source.

The consumer protection laws mean you are well pro-
tected legally whatever the guarantee says but it is
obviously better to deal with a company who offer far
more than your legal rights: the British manufacturers
generally are outstandingly good in this respect,

‘FEEL’

A variety of keyboard switches are used, most are excel-
lent but some have a very unpleasant feel and are not
positive. We have not listed these as ‘feel’ is very sub-
jective. For this reason, if you are considering a calcula-
tor make sure you try it out first.
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A.D.M. Business Systems Ltd.,
ADM House,

Windmill Road,
Sunbury-on-Thames,
Middlesex TW16 7HR.

Photopia Ltd.,
Hempstalls Lane;
Newecastle,
Staffs, STH OSW,

Imperial Typewriter Co. Ltd.,
Imperial House,

133/149 St. Nicholas Circle,
Leicester LE1 4LE.

Bowmar Instrument Ltd.,
Calculator Division,
43-45 High Street,
Weybridge,

Surrey, KT 13 8DB,

Advance Electronics Ltd.,
Calculator Division,
Raynham Road,

Bishop’s Stortford, Herts.

CBM Business Machines Ltd.,
446 Bath Road,

Slough,

Bucks, SL1 6BB.

Dixons Photographic Ltd.;
Prinz House,

84-88 Pinner Road,
Harrow, :
Middlesex, HA1 4LF.

Office & Electronic Machines Ltd.,

140/145 Borough High Street,
London, SET 1LH.

Hanimex (UK) Ltd.,
Hanimex House,

Dorcan,

Swindon, SN3 5HW, Wilts.

Sumlock Anita Ltd.,
Anita House,
Rockingham Road,
Uxbridge,

Middlesex, UB8 2XL.

Sinclair Radionics Ltd.,
Calcutator Division,
London Road,

St. lves,

Hunts, PE17 4HJ.

Hewlett-Packard Ltd.,
224 Bath Road,
Slough,

Bucks, SL1 4DS.
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J. J. Silber Ltd.,
11 Northburgh Street,
Lendon, EC1V OAU.

Litton Business Systems Ltd-,
Litton House,

27 Goswell Road,

London EC1M 7AL.

Bosco Ltd.,

8 White Hart Parade,
Riverhead,
Sevenoaks, Kent.

AML Distributors Ltd.,
AML House,

72 Green Lanes,
London N13 6BE.

Sperry Remington,
Sperry Rand Ltd.,
65 Holborn Viaduct,
London EC1P 1AB.

Broughton & Co. {Bristol) Ltd.,
6 Priory Road,

Clifton,

Bristol, BS8 1TZ.

Uni-Com Electronics Ltd.,
36 Clarges Street,
London W1Y 7PJ.

Emihus Microcomponents Ltd.,
Clive House,

12/18 Queens Road,
Weybridge, Surrey.

Decimo Ltd.,

Park House,

96-98 Park Street,

Luton, Beds, LU1 3EX.

Calcutronics International (Nig Banda) Ltd:;

403 Edgware Road,
London, NW9 QJA.

Automatic Business Machines Ltd.,

A.B.M. House,
11 Wyfold Road,
Fuiham,

London S.W.6.

Sanyo Marubeni {UK} Ltd.,
Sanyo House,

Bushey Mill Lane,

Watford, Herts.

D. Geller (Business Equipment) Ltd.,

15 Percy Street,
Tottenham Court Road,
London W1P QEX.
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TWO TRENDS are clearly emerging in
cassette recorder development.

The first of these is for designers to
produce big and expensive machines
that — sometimes successfully —
emulate the performance of their
reel-to-reel counterparts.

The second trend is towards smaller
decks — at a much lower price —
which nevertheless offer the features
that the great majority of people want
in a cassette machine.

Pioneer's CT-5151 reviewed here is in
this second category. It is in many
respects very simiiar to the CT-4141,
reviewed by Electronics Today
International in  April 1973 but
has a number of changes that have
significantly improved performance.

MECHANICAL
CONSTRUCTION

The deck is divided into three main
areas. At the back there is a sloping
raised fascia of black plastic. This has a
satin brushed aluminium inset —
fortunately finger mark resistant. This
inset panel contains, from left to right,
a three digit tape counter plus reset, a
tape run bezel in the form of a circular
rotating light, yellow during play, and
illuminated with red during record,
and two small bezels  which
respectively indicate Dolby selection
and tape over-recording. To the right
of these bezels are two fairly small
V-U meters.

immediately below the V-U meters
are a row of push buttons of which the
one on the extreme left is a skip
button. This operates electronically,
disconnecting the regulated motor
drive to increase play speed. The skip
button s only effective in the play
mode and allows the tape to run at
twice the normal speed with the
playback head engaged. This facility
makes it possible to find a passage in
the middle of a tape without the
inconvenience of having to stop and
revert between play and fast rewind to
find the exact point on the tape that
you are looking for. The facility could
also be quite handy for dictation
purposes.

Next to the skip control is a memory
onoff switch which, on rewind,
returns the tape to the 999 position

42

MEASURED PERFORMANCE OF PIONEER CT-515% CASSETTE RECOROER
Record to Replay Frequency

Response: ovu
{with BASF CrO cassette} -10 VU
-20 VU
{with BASF LH-C90 cassette) 0VU
-10 VU
-20VU

Total Harmonic Distortion:

60Hz to 8kHz =3dB
B0Hz to 13kHz £3dB
50Hz to 15kHz =3dB
40Hz t0 4.5kHz %3dB
B0Hz 10 10kHz *3dB
50Hz 10 13kHz +3dB

{at TkHz) 100Hz 1kHz 6.3k
oOvyu 22% 09% 0.6%
1oVl 045% 04% 0.1%
intermodulation Distortion:
(at TkHz and 960Hz) OVvU .085%
-1oOVvU  .08%
.Signal-to-Noise Ratio at Linear dB(A} weighted
0 VU re 1kHz: with Dolby  47dB -57dB(A)
{using Cr0g) without Dolby-46dB -51dB{A)
Erase Ratio:
{(1kHz signal recorded at 0 VU} -69dB
Cross Talk at Q0 VU: 1kHz  40dB
Wow and Flutter: start of cassette .08% weighted
middle of cassette .055% weighted
Line Input Sensitivity for: ovy  40mVv
Line Output Sensitivity for: oVvUy 045V
‘Microphone Input Sensitivity for 0 VU  0.5mV

Price: £158.83 plus VAT.

indicated by the three digit counter.
To the right of the memory switch are
four black push buttons for Dolby
noise reduction onoff, separate bias
and equaliser selectors for normal or
chromium dioxide tape, and at the
extreme end a limiter on-off switch
whose function it is to prevent
overmodulation of the recorded signal.

The largest section of the recorder
deck lies in front of these controls,

and consists of two sections. To the
left, is a large cassette well with clear
plastic cover. This is one of the best
that we have encountered, in that it
facilitates instantaneous and positive
identification of the cassette.

The pause button, unlike most
others, is not a lever switch but a
polished aluminium button. This
facilitates  identification and, in
keeping with the latest trends, offers
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SUMMARY:

The CT-5151 is a most worthy successor

to the CT-4141. It has performance comparable with a
number of much more expensive machines,

{t is 2 remarkable indication of the almost breath-
taking speed of cassette recorder development, that this

moderately priced machine has an overall performance
that equals most good reel-to-reel machines.

And that is a statement we could not have made of
any cassette machines until a few months ago.
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The drap out shawn on the top graph (OVU)} was due to a characteristic of the test tape

used — not the racorder.

two levels of operation — pause at the
intermediate level, and a lock-pause
mode when fully depressed.

Slider controls are provided for
fecord level and playback tevel.

Two standard tip and ring sockets are
provided for  high impedance
microphones, together with a socket
for eight-ohm headphones.

Phono-type coaxial type sockéts are
provided for line input and line
output, and one DIN socket for record
playback.

The case of the unit is a composite of
veneered wood and plastic,

‘USING THE MACHINE

Operation of this unit is simple and
straightforward. The designers have
overcome many of the pitfalls of

previous cassette decks through the
use of a number of simple design
features. The first of these is that the
drive system uses a dc motor. This
overcomes the need for interchange-
able pulleys to cater for 50Hz or 60Hz
line frequency operation. The second
is an improvement in heads and their
configuration in order to extend the
frequency response beyond that of the
previous CT-4141 deck. Now, the
performance is so good, that, with
normal gamma ferric oxide cassettes,
performance is equal to that
previously achieved with chromium
dioxide tapes. With chromium dioxide
tapes performance is aimost
comparable with reel to reel machines-
We tried a number of cassettes of
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vartous brands in the machine and
found that, provided the controls are
set as recommended in the excellent

16 page handbook, the frequency
response is more than acceptable for
most discerning users.

Unlike the CT-4141 where we found
it  necessary to optimise the
performance for various tapes, the CT
5151's frequency response was quite
goed enough (on most brands of tape)
not to require this form of
optimisation. !

In keeping with the CT-4141,
Pioneer have again provided a limiter
switch with a relatively sharp transfer
characteristic which clips the signal
quite effectively, at +2.5 dB. When
this limiter circuit is not used the peak
overload light comes on, at +3 dB, to
indicate overmodulation. The use of
the limiter, as well as reducing
overmodulation, significantly reduces
second and third order harmenic
distortion — the most unpleasant
feature of overmodulation (or
excessive recording tevels).

It is interesting to note that the
overall shape of the freguency
response curve obtained with the
CT-6151 is very similar in the low
frequency region to that provided by
the CT-4141 previously tested, but the
mid-frequency linearity and high
frequency response particularly with
the gamma ferric oxide tapes, are
substantially improved.

The performance achieved with
chromium dioxide is remarkably flat,
and a credit to the machine. This
improvement is a result of the record
bias, as well as the record equalisation,
now being switchable for chromium
dioxide and gamma ferric oxide tapes.
The previous lack of this facility was
our main criticism of the CT-4141. Its
rectification is the single most
important  improvement in  the
CT-5151.

Wow and flutter was found to-be
0.08% {weighted} at the beginning of
the cassette and 0.055% in the middles
This performance is exemplary.

In most other respects the
performance of the new machine is
very similar to that of the CT-4141 —
our measured results are tabulated in
the performance chart. ®
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THE VERY FIRST IMPRESSION that
the Harman/Kardon 330A made when
it was unpacked for testing was that
the designer has succeeded in giving it
looks which balanced nicely between
the quietly subdued and ‘Star Trek’
modern. As the table of performance
figures shows, the manufacturers have
not omitted to give it performance
to match its good looks. Too often
in reviewing so called Hi-Fi equipment
one meets situations where good looks
are used to cover up rather poor
performance and it was a pleasure to
find a piece of gear where this ruse
had not been used.

The output power of the H/K 330A
at 22W per channel is just about the
minimum that can be used to drive
the modem low efficiency speakers
to obtain a satisfying sound in medium
to large rooms. In this respect, the
330A is the ‘baby” of the Harman/
Kardon range but nevertheless it seems
to share with its larger kin a pedigree
that shows itseif in a good clean sound
and ease of use.

In common with many recent de-
signs, the Harman/Kardon 330A is
equipped with a fiiter that is auto-
matically adjusted with the volume
control to compensate for the varying
sensitivity of the human ear to bass
notes reproduced at different levels;
as the volume control is reduced a
degree of bass boost is introduced.
Like many people who spend a great
deal of their time listening to Hi-Fi
| have some reservations about this
system which, though it sounds good
in theory, the practical results seem,
to my ears at least, to leave something
to be desired. Fortunately the “‘Con-
tour’’ control (as it is known) can be
switched out of circuit.

Another and much more useful
facility with which the H/K 330A is
equipped is two sets of loudspeaker
terminals, separately switched to the
output of the amplifier by a couple of
front panel switches. This enables
two separate stereo setups to be pow-
ered from the same main amplifier
and could be used to provide correct
stereo coverage in both a lounge and
‘say’ an adjacent dining room.

The third and final unusual facility
that this amplifier can boast of is a
couple of links on the back between
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the preamplifier stages and the main
power amplifier which can be used to
insert a quadraphonic decoder of the
matrix type {and you have the other
two channels worth of amplifier and
loudspeakers.)

All these features add up to a very
flexible unit which seems to be de-
signed to meet almost any situation.

The bandwidth of the amplifier
section was very wide and it was not
possible to measure the bandwidth to
the point where the rated distortion
could just be maintained at halfpower
(the half-power bandwidth) because
the frequency range of the notch
filter on the THD distortion analyser
was not wide enough. At the bass
end, the frequency range was extended
down to 7Hz at only 1dB down on
the output at 1kHz which accounts
for the very good damping factor and
the consequent good contral of a
loudspeakers bass resonance.

One area in which this amplifier
did not acquit itself well was in the
way in which it handled a high fre-
quency square wave when working into-
a capacitive load designed to simulate

an electrostatic loudspeaker; the add-

ition of 2uF in parallel with the 822
load caused a loss of stability in the
amplifiéer and the resultant output
was a most impressive set of osciila-
tions {shown in the photographs). In
defence of the amplifier it must be
said that the input squarewave had a
rise-time of better than 200nS but,

even allowing for this in an amplifier
of this quality ore does not expect to
find a deficiency of this type, espec-
ially as the manufacturer’s “‘blurb”
uses the phrase “unconditionally stable
with all loads”,

The accuracy with which the amp-
lifier equalised an RIAA signal fed
into the amplifier was as accurate as
any | have met and in fact to obtain
a really accurate deviation curve, re-
sort has to be made to a preemphasis
network that had very recently been
calibrated to 0.1dB standard. Using
this standard the network in the amp-
lifier equalisation circuit was found to
be within 1dB from 20Hz right up to
100kHz which is remarkably good.

Distortion and sensitivity of the
inputs were all within the manufac-
turers specification though it must be
said that trying to squeeze even an-
other 0.5W beyond 22W (both channels
driven) or 22.5W (with a single chan-
nel driven) resulted in distortion fig-
ures that were worse than those ob-
tained at rated output by a large
margin and in one case with an over-
load of only 1W distortion of 1% was
measured.

The distortion measured at rated
output was mostly low order harmon-
ics with second and third order har-
monics making up most of that.

The signal-to-noise ratio quoted by
the manufacturers was not met on the
test sample but the figures that were
obtained still do the H/K 330A credit
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SUMMARY:
A good middie-of-the-road tuner amplifier having few
vices and a number of virtues,

3 - CONTOUR

e ]
12 naje :

10Hz 100Hz 1kHz 10kHz 100kHz

Frequency response with controls flat and at maximum settings.
The response of the ‘contour’ control is shown in black.

10Hz 100Hz 1kHz 10kHz 100kHz
Deviation from RIAA response.

MEASURED PERFORMANCE 0F HARMAN KARDON 330A

AMPLIFIER SECTION

Power Qutput
22W into B ohms, both channels driven
138W into 4 ohms, both channels driven
15W inte 16 ohms, both channels driven
Frog#nc{ Rasponu (_ dB)
P

Channel Se aratlon at TkkHz: 60dB
Hum and Noise with respect to Rated Output
Plckup: —56dB
Othars: —75dB
Input Sensitivities for Rated Output
ag. P.U. 3mVvV
Caramic P.U, 160mV
Aux. . 160mV
Total Harmonic Distortion 40Hz
Rated Qutput 0.5%
¥z Rated Output 0.11%
Watt 0.2%
Tone Controls: See Graph
Damping Factor for 8 ohms:
Daviation from RIAA Response:

TUNER SECTION

Harmonic Distortion:
Channel Saparation:
Capture Ratio:
image Rejection

Sansitivity: é,lv
Sighal/Nolss Ratio: 58
AM Rejection: 0dB
Pilot Tone Rejection: 53a8
RECOMMENDED RETAIL PRICE {inc. VAT)'

53d
£137.50.
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Severe ringing at 10kHz into 8 ohms plus
2 UF to simulate an electrostatic speaker.

as deoes the stereo separation of the
amplifier at 60dB (with one channel
running at rated output and the other
undriven),

In the tuner section of this equip-
ment, virtually all the performance
figures show that this is a receiver of
quality; the listening tests confirm
this. Stations were received at good
strength and what might be termed
entertainment quality from a wide
sweep around including some over
150 miles away in France. As can be
expected in what is essentially an
American unit, the input for the FM
aerial is of the 3002 balanced variety
and no provision is made for the use
of the co-axial type of cable common
in this country,

In conclusion, this is a fine unit

‘but wanting in one or two small

details and at £137-50 not bad value
for money. It must be said however
that it does tend to fall between the
two schools of cheapness and quality,
being neither very cheap and yet not
quite having that last word in per-
formance. A good middle of the road

tuner-amplifier having few vices and
a number of assets,



THE IMPRESSION CREATED by the
Sinclair 4000 Tuner is of a well cons
structed unit. The case is made of
extruded aluminium sections spot-
welded together. At first sight this
seems to be rather an expensive way
to build the case for what is a very
reasonably priced FM tuner but it did
provide good shielding for the circuitry
and no doubt contributed to the good
immunity from interference at iF
frequencies.

The tuning scale is unusual in that
instead of having a pointer, a moving
band of colour is used, similar to
some car speedometers. The tuning
scale is visually attractive but with the
engraving of the scale every 200kHz,
the result was rather difficult to read.

AFC., Squelch, Mono/Sterec man-
ual over-ride facilities are all catered
for by a group ot push buttons on the
front panel. An unusual facility pro-
vided is one to work with remote
tuning unit, made possible by the use
of a varicap tuning unit. Connection
is via a DIN socket at the rear of the
tuner. No remote tuning head is
provided though the construction of
one should present no problems as the
only requirement is for a 1M linear
pot connected by a 3-core cable.
Suppression of noise and spikes picked
up in the cable is provided by a smail
capacitor permanently wired to the
back of the tuner.

Aerial inputs are provided for both
75 ohm coax connectors and for 240
ohm twin feeders. The mis-match
when using 300 ohm feeder will be
insignificant.

The output is also via a standard
DIN connector, though no connector
lead is provided and one must be either
‘purchased separately or made up.

As can be seen from the test re
sults, virtually all the manufacturers
specified parameters were met and
some were exceeded by a fair margin.
While testing the tuner for the “use-
able sensitivity”’ parameter {IHF) and
plotting the sensitivity against output
signal graph, several anomolies were
encountered.

With the squelch circuit switch out
of operation, a fairly normal locking
output audio and noise versa RF
signal input graph was obtained but
ope which suggested that the manus
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facturers were being extremely con-
servative with the sensitivity, However,
when the test was repeated with the
squelch circuit switched /n, the dotted
curve was obtained.

Moreover this curve confirms the
sensitivity that the makers claim for
the 30dB signal-to-noise ratio condit=
ion. Also from these graphs, the
squelch circuit can be seen to have a
progressive rather than a sudden action
and to provide only 12dB of noise
muting {at 0.2uV signal potential dif-
ference). Over the range of RF input
signal strengths from 10uV to below
1uV, the operation of the squelch
circuit degraded the performance of
the tuner with respect to signal-to-
noise ratio by anything up to 15dB
suggesting that in this region the
squelch circuit should not be used.
The onset point of the squelch circuit
was 8 to 10uV across the 75 ohm input

MEASURED PERFORMANCE OF
SINCLAIR 4000 TUNER

2.8V across 7682 at 400Hz,
75kHz deviation; squelch on:

65dB weighed to
CCIR curve A,

AM Rejection: 45dB
Pilot Tone Rejection:

Sensitivity:

Signal=to-Noise Ratio:

36dB

0.15% at 25kHz,
deviation 1kHz.

36dB at 400Hz
{34dB at 1kHz)

Harmonic Distortion:

Channel Separation:

" Capture Ratio: 2.0dB
Image Rejection:  60dB
Output: 150mV

Price: £43.95 including VAT.

pleasant to use but one which lacked
some of the basic refinements. Some

which tied up with the 104V quoted
by the manufacturers.

The IHF “‘useable sensitivity”
shown in the test result table was
measured with the squelch circuit in
operation at 2.8uV confirms the man-
ufacturers gquoted performance speci-
fication, Without squelch, 30dB signa!-
to-noise ratio was reached at an input
signal of only 1.2uV which is remark-
ably good when the cost of this tuner
is considered.

In general the unit is well made and

a8
0 mee =33 1 Frem —[ ——— Without Sgquelch
e e Loz i ——— With Squelch
<17t
1N
o8 L -+ -F (2.8:V1
h\r\ k] Stereo Seacon on (3 ¥
i 1
"\

—40 B
-50 Bes a8

-'—-—.—.L____' Noise
—60 =
270

0.7uV 10V 10V 10V Tmv

means of ascertaining the correct tun- -
ing point (such as a tuning signal
strength meter,) would have overcome
one defect. The AFC pulled weak
stations slightly off the tuning point
for minimum distortion and tuning by
ear was rather difficult without the
use of AFC.

However the Sincalir System 4000
Tuner represents fair value for money
though a pound or two more for a
tuning meter would make it excellent
value.

ELECTRONICS TODAY INTERNATIONAL-AUGUST 1974



R

oUBSGRIPTIONS

1f you have any trouble obtaining ET from your newsagent, that's
the obvious place to get it, However four out of tha last five issues
have been sell-outs and early analysis of the reader questionaira has
shown that one in three readers has trouble in buying ETI.

If you are one of those having trouble, why not take out a sub-
seription.. Normally you receive your copy a few days before our
official publication. Note also that atthough the cover price of ETI
will be 25p from next month we are nhot raising our subscription
ratas for the time being.

|

| To: SUBSCRIPTION DEPARTMENT |

| ELECTRONICS TODAY INTERNATIONAL |
36 EBURY STREET,

LONDON SW1W OLW. :

:Please find enclosed £3.60 which includes post-
age (£4.00 overseas) for my annual subscription
Ito ETI starting with the next available issue.

1 .

(NanTe ST S T o Y

:Address...........;.....
i
i
|
i
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UNITS. From £48.50, All units comp-

mains operation, SAE for all details.

£1 WORTH OF ‘UF5', Six Brand Now capa-
citors all between {5Y and 100V, Total capaci-
tance not less than 7.000mid. P. & £. 459.

CAPACITOR PACK 50 Brand new compo-
nents only 54, P. & P. 17p.

POTS 10 different values. Brand new. Sp.
P.&P. 17p.

COMPONENT PACK consisting of 5 pota
various values, 250 registors % and I watt
atc., many high stabs. All brand new. Fins
valus at S0p per pack. P. & P. 27p.

DELIVERED TO YOUR DOOR 1 cwi. of
Electronic Scrap chsssis, boards, eic. No
Rubbish. FOR ONLY £3-50. M. Ireland £2
extra.

P.C.B. PACK S & D. Quantity 2 sq. ft.—no
tiny pieces. Sip plus P. & P. 20p.

FIBRE GLASS as ahove £1 plus P. & P. 200.

$ CRYSTALS 70 to 90kHz. Qur choice, 25p.
P. & P. 139.

NEW - LOW PRICED 12" DISPLAY| TRIMMER PACK, 2 Twin 50/200 pt nlc;

coram|
2 Twin 10/60 pf cevamic;: 2 min strips with 4

e A ‘| preset 520 pf on each; 3 &ir spaced preseat
letely cased, transistorised EHT, Standard| 30/100 pf on ceramic base. ALL BRAM

NEW Z5p tha LOT. P. & P. 10p.

ROTARY SWITCH PACK—§ Brand New
switches: (1 ceramic; 1-4 poie 2 way aic.},
Sép. P. & P. 20p.

POTENTIOMETERS

| COLVERN 3 watt. Brand new, 25; 0k all
| at 13p ea.

MORGAMNITE Special Brand new, 23 10;
1007 230; SOOI 1 In. sealed, 17p ea.

BERCO 2; Watt. Brand new, 5 10; %0; 250;
ohms: 1; 2-5; 10; 23; 50K at 15p ea.
STANDARD 2 meg. log pots. Current typs
15p ea.

INSTRUMENT 3 in. Colvern 3 ohm 35p ¢a_;
50k wnd 100K S9p ea.

BOURNS TRIMPOT POTENTIOMETERS,
20; 50; 100; 200; 500 ohms: 1: 2. 2-5; 5 10;
25X at 35p ea. ALL BRAND NEW.
RELIAMCE P.C.B. mounting: 270; 470;
500 ohmg; §0K at I5p ea. ALL BRAND NEW.

red, linear. As new, £3.50 ea. P & P 37p.

3 MODERN TELEPHONES type 706. Two-
ALMA precis. . "

998!'(. 1’*&752“&;”:.%%&.‘%:1 tone grey or black. £3.75 ea, Type 7006
013 p ea. two-tone green £3.75 ea. P & P 25p ea.
IDEAL EXTENSION TELEPHONES with
standard GPO type dial, bell and lead
type coding. £1.75ea. P & P 25p ea.

Vast quantity of good quelity components
—NO P, ING TRADE—30 wo o
LBE. of ELECTRONIC GOODIES
for £1'38 post pald.

12" LONG
PERSISTANCE TUBES
Ideal for SSTV; educational purposes.
Type 120P7A. Connections, voitages etc.
Brand New Bozed £7-30 each including

carriage and VAT,

PHOTOCELL equivalent OCP 7, 13p sa.
MULLARD OCP7 fap each.

BECKMAN 10 TURN DIALS ONLY.
Brand new, £2.25 ea. P & P 10p.

METERS BY SIFAM type M42, 25-0-25
microamp Scaled 25-0-25 green; 250-0-250

REPLACEMENT TUBES for Cossor 1035

METERS. Ernest Turner. Model 402, |Mk 1 & 2 anc Cossor 1049 Mk 1,2,3 & 4,

100 microamps. Brand new. Lovely shape,

lousy scale - hence £2.25 @a. P & P 25p.

ELECTROSTATIC VOLTMETERS from
0-300 Vohs to 0-10KV. S.AE with your

Tested and guaranteed. £3.00 ea. P&F 37p.
FIBRE GLASS PRINTED CIRCUIT

BOARD, Brand new. Single and doubie
sided. Any size 1p per sq. in. P & P 10p

requirements. per order,

€ VOLT 2 AMP
LOGIC (1.C's) POWER
SUPPLY

Standard Mains In-
put. £2,75 each,
P & P.25p,

MAKE YOURSINGLE BEAM SCOFE INTO
A OOUBLE WITH OUR NEW LOW PRIC-
ED SOLSD STATE SWITCH.

2Hz to 8 MHZ, HoOK up a 9 volt battery and
connect to your scope and have two traces
for ONLY £5.50,
AVAILABLE our 20MHZ version at £9.25
P & P, 25p.

& P, 25p. STILL

20HZ to 200KH2
SINE AND SQUARE WAVE GENERATOR

In four ranges. Wien bridge oscillator thermistor stablised. Separate
independent sine and sguare wave amplitude controls. 3V max sine.
6V max square outputs, Completely assembied P.C. Board, ready to
use. 9 to 12V suppiy required, £7.85 each. P & P 25p. sjne Wave

only £5.85 each. P & P 25p.

each P & ©, 25p.

TRANSISTOR INVERTER

12V to 1.5 KV 2 MA, Size 1%z x 2¥2 x 4In. Multi tapp-
ed secondary and output tevel control makes possibie
large range of voltage and current cutput combinations
without modification. Very flexible unit at £2.95

5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GMZ) up to 15 MHZ sweep wid-
th. Only 3 controls, preset RF level, sweep width and frequency. |deal for 10.7 or
TV IF allgnment, filters, receivers. Can be used with any general purpose scope.
Full instructions supplied. Connect 6.3V AC and use within minutes of receiving.
All this for only £5.75 P & P 25p.

NEW WIDE RANGE WOBBULATOR

- ——

Always available range of;- Oscifloscopes; signal generators; valve voltmeters: ERT PowsF units; EHT capacitors; EHT transformers; etc.etc.

Unless stated—please add £1.50 carriage to all units.
VALUE ADDED TAX not included in prices—please add 10%

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., othérwise Cash with Order
Open 9 am to 6.30 pm any day {later by arrangement.)

CHILTMEAD | |

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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The largest selection

BIB HI-FI ACCESSORIES

EX COMPUTER BOARDS
Packed with transistors. diodes. capacitors
a5d mdmn—CO!?ONENTVALUF £1-60.
3 for ONLY §5p + p & p 30p

SPECIAL, As above PLUS Pawer Translstors
ONLY S5peach + p & p 15p

STABILISED .POWER MOD
Complate I‘lﬁb elrenlt dlagrama, etc. 99p
each + b & p 16p

PAXOLIRE BDABDG 1% x 95 spprox.
ifor 30p + ¢ & p 20D,

FIBRE-GLASS PRINTED

CIRCUIT BOARDS
3 x 47 approx. 2 for 55p

DECON-DALO 33pC Marker

De Luxe Groov-Kleen
Model 42 £1.84
Chrome Finish Mode$ 60 £1.50

Ref. 36A. Record/Stylua Cleaning KIt 28p
Tef. 43. Record Care Kit 42-35

Tef. 1. Cansette Head Cleaner 3dp

Ref. 32. Tape editing Kit #2-54

Mo-del 5. Wire Stripper/Cotter B3p

Ref. P. HI-FI Cleaner 31p

Ref. 32A. Btylus Balance 41-36

Ref. J. Tape Hesd Clesning Kit 51p
Rel. 34. Casectte Case 81-27

Ref. §6. HI-Fi Stereo Hinta & Tips 82p

WORLD SCOOP!
JUMBO SEMICONDUCTOR PACK

Transistors-Germ and Silicon

Rectifiers-Diodes-Triacs-Thyristors

I,C’s and Zenners ALL NEW AND CODED
APPROX 100 PIECES!

Offering the amateur a fantastic bargain Pak and

dc rasletant printed areatt macker pon | ANTEX SOLDERING IRONS PLUGS AND SOCKETS an enormous saving—identification and data sheet
: X25. 25 watt £1-93 ;gcfg:u T : e in every Pak
VEROBOARDS CCN 240, 15 watt 2218 N 2 Pin (Ipeaker - 2 & b 20
AR AR §0s0. dna. varioun | Model G. 18 wart #2-15 11:: :g gr[:' ::: 1800 ::}2 ONLY g
s e 3 3E2. Eit £2-80 PS 38 DIN 5 Pin H0° = =}
REPANCO CHOKES & COILS || 5TANDS: ST1 £1-21. ST2 77p P8 39 Jack 2-5tm Bwitehed 0-09 &
gglc;w:;l.nu PO SOLDER: 183WG Multlcore Joz 82p PS 40 Jack 3-5mm Switched 0-10 = P
3 P 298WE 7oz 82p. 188WG 220t 2Bp PS {1 Jack 3* Switched 017
S TR - e JIWG Trbe 22p PSAZ  Jack Stereo Switched 028 BY THE BOXFULL !
COILS = = i P9 43, Phono Sipgle ¢-08 i 3
DRX1 Crystal set 86p DRRI Dusl mare 45 | ANTEX BITS and ELEMENTS | 55 | ol o10] 20 Boafds packed with Semiconductors and eother
COIL FORMERS & CORES |2 e PS 45 Car Aerlal o0s | Electronic Components. Each board approx. size
NORMAN * Cores & Formem 7p UL S e o) by Rty D 08" x 77 All known type no. and easily recognisable
3~ Cores & Formers 89 104 Por mode! x” P | BB 47 Co-Axis] Flosh 14
1100 For mode1 CCN240 4" i FANTASTIC VALUE AT £2.20 per BOX p & p 52p.
SWITCHES 1101 For model OCN240 3 asp | INLINE SOCKETS
DP/DT Togste 260 SP/ST Torele 18p 1102 For model CON240 3° 88p § 321 D.LN. 2 Pin (3peaker) 013
1020 For model 6240 gy a3y | PB23 D.IN.3 Pin on] SPECIAL PURCHASE by BI-PAK
FUSES . 100mA, 200ma, 250ma, | 1071 For model G240 4- T e o17|2N3055. Silicon Power Transistors NPN
Ay e B 1022 For modsl G240 % a8p N. : e i
DUICK-BLOW 4p ea. ANTI-SURGE 52 ca- | 80 Ror madel X25 4 a9y | P25 Jack 2:6mm Flastic o10 | Famous manufacturers out-of-spec devices free from
BT For model X23 §° a8y | F9 26 Jack 3-mm Plastie o2¢| open and short defects—115 waits TO3.
EARPHONES 52 Por model X256 &° 39y [ F327 Jack i Plastie 024 Metal Case.
Crratal 2-8mm plug 34p - P38 28 Jmek §* Screened 0-28 3
Crystal 3-0mm plug 33p ELEMENTS PS 29 Jack Stereo Plastic .00 OUR SPEC|AL PRICE 8 for £1-
8 ohmes 2-5mm plug 2 0-28
plug 22p ECN 240 41-18 ECCN 240 $1-32 A T et i e e s
BICEmE N Sramip o6, 225 E6 240 21-18 EXESEC 831 Phono Sereened v14| LOW COST CAPACITORS , ROOK BARGAIN
DYNAMIC MICROPHONES | ANTEX HEAT SINKS 10p P332 Car Aerlal 0-15 | -01 ur" 400¥ 3p each 3peach [ pyNDLE
131233, 200 ohms Dios on/sff switch and P3 33 Co-Axial 0-17 | 500 uF 50V Elect. 1OP each
2.5mm and 8-6mm plugs £1-80 Yy AT freinded in oll prlcen Plenns add e — o e Tooota
Lp F. & P. (K. onlyl. Overseas ordenn— | PLUGS R 1 mso & Flectronic coloar code and
T ey o e ST e w1 pinamaean om | e A e s
Hiolz & NEW COMPONENT PAK o L] o-ﬁ 77 EP. 188° X 7° x £ (50 records) £2:10 |3 Other constructional books o
- . o= L1837 x 74" x 1237, . EM Tuners, etc.
2-WAY CROSSOVER AL P$ ¢ D.LN.5 Pin180° 0rag | 14T LT- 198 X T X 124 (B0 records) 295 { ATS0 1 Gremeral congiructlon book
NETWGRK ;3""“, vk Price | 2% & D-LE.5 Pin2s0° 015 CASSETTE CASES VALUE £3. OUR PRICE
K 4007, 80 chmis Frap. Insertion 1048 34B £1-21 § oy sy A notlrs 6 DLN. 6P 0-15 53 p & p 10p.
L . A C1 950 R“w:'hymfdb e worox f g 7 DN, 71ia 0.15 | Holds 12. 16" x 31" x 5. Lock & Handle R PR A G
= 14 s 4
TRANSISTOR EQUIVALENT { . .00 oo " " 08 "6 6 Jack 2:5mm Scoreened o10f $1-20 Equiralents & Babstitater
BOOK count by welght gEF 55 | PB 0 Jack 3-5mm Plastic 008 FEER AT T EPS  Handbook of Radlo, T.¥. 4
8th EDITION P8 10 Jack 3-5mm Screened 012 8- RIDG Industrial Tubt & Valve
o €3 50  Preclston Reslstors mixed valuen o ¥ CASES Equl #*
pages of eroas rererenca und equivncnh “ PS 11 Jack }” Plastic 013 d
for E 214 % 0-55 - : 5 ., | EP3  Handbook of Tested Tran:
PS12 Jack §- Boresned 0-18 | Halds 14. 13° x 5° x 6. Lock & Handle. e ik 2
transirtors. Appmxlmate]y 4 DDO types with fO4 75 ith W' Rerlstors mixed pn:lermd P8 13 Jack Stereo Screensd 0-29 41-95 BP  International Handbook of
mors than 645,000 substitotes bave been values 0-55 5 - = - = »
included. The tablea were compiled with the F8 14 Phono 0-p6 | Holds 24. 138" x 87 X b¥". Lock & Handie. the World's Short Wave
utmost care from | manufaetorcrs owa fO° °  Fleces assorted Ferrite Rods 085 | poyo cor aenia ity far e bl ans
speclocation. The most  comprebennive {08 2 Tuning Gangs, MW/LW VEF0'58 | p3 15 CorAxial PR et o L e (o Fledsc | 0Ps  Handbosk of Simple Trace
ArivalEes ook o O'N"l‘_"v"'*:‘i'dé-‘; €T 7 Pack Wire 50 metres sagorted R 35p
: colours 055 | CABLES - I e ey Gl A B
lN’STRu‘MENT CA§55 C8 10 Reed Switches Q55 | CP 1 Bingle Lapped Screen 0-06 ALL PR I CEs BP8 Bound and Loudspeaker
€9 3  Micro switches 055 [CF 2 Twin Common Screen 0¢-08 I L D E VAT Sapual 0y
Cl015  Assarted Pota & PreSeta 085 | b, 5 Drereo Screencd L) NCLU RS AU A O R
e CP 4 Four Core Common Screen 023 coustructer 36p
c s -Tlgt M'ﬁ."ﬁﬁcﬁ ygfm 20 5’; PC 5 Four Core Individually Screened 0-30 | CARTRIDGES ‘BPI0 Modern Crystal and Tran-
- CP 8 Micyophone P“flrﬂuldedcableo-m ACO3 GPO1-1SC.20UTEY at 1-Pems/sec £1-16 amol:mrs:z Clrouits for
(Black Viosl d S0 iR e Pain e e t7pes JOP 7 Three Core Muins Cable 0-07 | \CoS GP93-1.280mV at lemfeec  £1-€6 | BRI1 P:Eilml Transistor Noveaisty
Lengin WiOth__ Reghe Prios AR $$5Jep & Twla Oval Mains Catle 0:08 | 408 GP96-1. 100mV at lemjsec 2265
BVl 8 x 1 L o= C1320  Electrolvtics Trana types 055 [cp o Spazker Cable 0-04 | ~r¢ ym005. = /B3 Output 96p BP13 Bl;-‘.mnlc Noveltles for the
BVZ 11  x & 5" 41-20 ¥ Sipptal - Motorigt
x C14 1 Pa@lmte‘d gmrdn:r;e—u ey CP 10 Low Loss Co-Axial 0-10 F 1 .20 106 Crystal 15 Qutpue Cempatihlle BP14 BeIt.::ond book  of Trmistor
P . (romm .. quivalents
QAI;LL?EINIL’I‘M BHOXE"S e C13 4 MainsSlideSwitches, 2 amp 0-55 | CARBON TTC J.900 C8 Stereo/HI Outpat 5160 | 8215 Comsructory ,:;m’u, 2,:;
BAZ 4+ X 4°  x 1f 41p |C1A20  Assorted Taq Strips & Panela 055 | POTENTIOMETERS TTC J-2105 Ceramic/Med. Qutput  £1-64 b (S or
'g:-: ;i' ; i_l : {: :;-P C1710  Assorted Control Knobe 085 | Loz 2nd Lin ——— 12¢  Universal Gmm Motor Sp«d
BAE 4 * 24 x o8 41: Ci8 4  Roteay Wave Change Switebes0-56 47, 10K, 22K, 47K, 100K. 220K, 470%, | CARBON FILM RESISTORS 133 Eow to make FM and T.V
BAs & e feac (o b e s el o BRI Fhe E12 Kange of Carbon Film Eesistors. erlals Bands 1/2/S 18p
BAT 7° >SRN 0 e o B 2 o 66 iy perating 055 | vC1  Single Less Bwitch 0-14 § § watt avaflable in PAKS of 50 pleces, [ 141  Radio Servicing for Amatenrs
RS & X & X 5 EHpic0 4 8hects Copper Laminate approx. [ VC2  Singie D.P. Switch 096 | 5sorted Into the following groops— 209
x 54p 10" x 7 055 | vC3 Tandem Lens Switch 0-44 | 81 50 Mixed 100 ohms-820 chms 40p | 146 Hlehl !’!d=hty Iand-pnker
; VC & 1K Lin Lesa Switch 0-14 | E2 50 Mixcd 1K ohme-8-2E ohms 0D |15g T stor Ci.n:u! mw
PLEASE NOTE: ALL OUR PRICES INCLUDE V.A.T. |vcs 100K Log anti-Log 014 | B3 80 Mired 10K cims-82K ohms  40p ol d < i
MODEL AMTRON KIT B4 50 Mixed 100K chms.1 Meg. ohuws 40p 180 Coll d"‘n and Construction
L S pnce | HORIZONTAL CARBON THESE ALE UNBEATABLE PRICES— |1, gbousl . o o 8%
TRes Ro-ﬂimple transintor testar £ .53 | PRESETS LESS THAN lp EACH INCL. V.AT. iy g luaboek D
UK  Amplifier 1-5% £437]01 wart 008 anch = ! o2 BiE
L Signal Injector e K 220, 470, 1K. 22K. 47K, 10K, 225, | BI-PAKSUPERIOR QUALITY |55 i srest 2onipment &
UESS  Mice h_m'empum © 803 | +7K. 100K, 220K, 470K, 1M, 2M. 4-7% LOW-NOISE CASSETTES o mm‘c-&x I!;f:g;lw s Auﬁo
UK300 4-channel Radin Control Transmitte £ 785 Cho, 32, 8 120, 52
TENO ot Contonslin Sontrd 7 €39 SELENIUM BRIDGE i B 50 e AL oo
UES25 :ggig:%nm: lp{::ﬂng un;: 1'233 & 2,000 Hz f: g-ﬁ RECTIFIERS Gulde—Book § 30p
UEDDO Snperbetmdnr:ec gmlumllﬁecd?e:joo e £ 7.85 | 18Y. 24. Hdeal for those bullding battery, SEEOURCO TNPLETE RANGE k1= Howog' wnmmn g‘m:l;'l:jnsrnlc’{f‘:
UKG2S VHF Tuncr 120 to 160 MHx £14.93 | chargers. 15p ench. 10 for 65p v
UESSS  Radtlo Control Field Strength Meter £12.74 ~ PRACTICAL ELECTRONICS, § 145 Aﬁfﬁlﬁ‘%i?ﬂ“quﬂg
DH7US  Windacren Wiper timer L 838 | REPANCO TRANSFORMERS | PRACTICAL WIRELESS, | = chartfor Constructors 15
Fenrn e o et aetor £1275 | 2407. Primary. Secondary voltages uvailable | RADIO CONSTRUCTOR, [0  Bandbook of Sractical Ela
UEB3S  Guitar pre-amplifier £ 5,67 JIrom selocted tappinga 4V, 7V, 8V, 10V, | EVERYDAY ELECTRONICS, 201  Practical Transistorised Nowe
UES875 Capacitive Discharge Electronle Ignition for Internal Combustion Engines L17.41 § 14V, 15V, 17V, 10V, 21V, 28V, 51V, 33Ve WIRELESS WORLD elties for Hi-Fi Entbunissts
40V, 507, and 25V-0-25V. asp
VISIT OUR COMPONENT SHOP e . lme e PxP| QRSEND 10p FORTHE |** TSRS o0
18 BALDOCK ST., WARE. HERTS. (A10) e i wp| FULL LIST OF ALL BE-PAK [, pSobtitam = ° %
OPEN MON-SAT 8 a.m. to 5.3 p.m.  Late Night Sbopping until  Fri. Tel. 61595 | MTS072 2 £330 a0p: PRODUCTS Calculstor 10
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RS E > NOW WE GIVE YOU 50W PEAK {25W R.M .S.} PLUS
| 74 Series T.T.L. 1.C’S THERMAL PROTECTION! o
l 'BI-PAE 8TILL LOWEST IN PRICE FULL SPECIFICATION The NEW ALG0 Hi-Fi Audio Amplifier
GUARANTEED. ALL FAMOUS MANUFACTURERS 5 < £3 9 5
s & . ®Max Heat Sink temp 900 @Thermal Feedback -
1 28 100+ L 25 100+ 1 23 100+
400 018 G137 016 M4 ER £107  £L05 | 7122 £1s0  £145  £140 .F”‘](H“cy Response 20Hz to @Latest Design Improvements
-2 R e S B e T 434, 8or16 oh
02 1 7 - “ m
sl S LR n oM HEAs gg ad k| 90U% Do 2 Rt e
1 ¢ - 27 1 - . I3 .
e BB BN SN[HE 5 B MIME R AN A | SDaprontenertuntma Shwmlionoemt M0
1406 4/ 0-27 4 1 - 3 5 .
S R B R L Sorile Sipm s 105hin 1
& 1= e - o L
C TR e R R | b e
M \ 5 ) g - . K p q q
2311 oz 027 026 | 7476 044 033 04z | 74160 £x10  £200  £150 | Especially designed to a strict specification. Omly the finest Dty
7“% 039 gg-{ 031 ;ﬁ? o Jg e | el 21 £200  £i%0 | components have been used and the latest solid state circuitry 'k ko
7 -, - - 4. = s
L o4F ne 04> |42 098 093 034 | 74163 fide  fe1s a5 mco}porated in this plm\erful little amplifier which should "
HE ol d o el o ogn am|nE QR Be R | lesetetal AR ot canT
7420 - - A 3 4] £2:20 3 ! u EED
7422 055 053 030 | 7483 3-50 130 | 74166 £32 £3-10 £3-00 agd ARA
Fut2; 255 053 0-50 | 7486 0-35 o+ 033 | 7174 £2-50 £2.40 £2.30
7428 058 053 0-50 | 748¢ £400 £3.75 £3-50 | 731178 £1-75 £1-65 £1-55
7426 0-50 0-46 044 | 7490 0-74 071 064 | 74176 £1-88 £1-15 £res A I L E D
7437 050 036 0-34 | 7491 £1°10  E1.0% E£100 | 74197  £185  £1-18 £1-68
B ooy saiin en ten MR g aR nb
3 £4.5 5
7432 050 D46 044 |7498  0RS 082 075 |74i82 £200  £190  £L78 MODULE SPMB80 £3:25
7433 078 073 0-70 § 7495 083 0-82 075 | 74184 £3-20 £310 £3-00
Bi7 070 068 0-65 7496 0-96 0-93 0-86 | 74190 £2-15 £2-10 £2.00 APE0 is especially designed to power 2 of the AL30 Armplifiers, op 10
7438 0-70 068 065 174100 £1-50 £1-45 £1-40 [ 74191 £2-15 £2-10 £200 13 watt (r.m.4.) per channel dmnlhneoulh—' This module embodies the
<430 018 017 016 174104 £1-07 £1.04 £1-00 | 74192 £2.15 £2-10 |atest. components sad circult ¢ shurt
7441 074 071 0-64 {73105 £1.07 £1.04 £1-00 | 74193 £218 £2-1 £2.00 elrenit protection. With the addition of tue Mains Transiormer MTHO,
7442 04 0-71 364 | 74107 044 042 0-40 | 74194 98 £2-86 £2:75 the unit will provide outputs of up to 1-5 ampe at 35 volt. Size!
— £1-20 £1-15 £1-10 | 73110 060 0-55 050 | 74195 00 £1-95 £1-90 s3mm X 105 mm X 20 mm. Thess units epable you to build Andio
7444 £1-20 £1.15 £1-10 | 74111 £1-33 £1.27 £1-21 {74196 £1.95 £1.90 £1.85 Systcms of the higheet quality a4 a hitherto unobtainable pHee. Also
445 £1.98 £1.95 £1-90 | 74118  £1-10  £1-08 £1-00 | 74197  £].95 £1-90 £1.85 ideal for many other applications Including: Disco Systems. Public
7446 £1.20 £1-15 £1-10 | 7411 E1-50  £1-40 £1-30 | 74198 £5.00  £4.75 £450 Address, Intercom Unita, ete. Handbook available, 10p.
744} £1-10 £1-07 £1.05 | 14121 0-50 048 045 | 74199 £5.00 £4-75 £450
DEVICES MAY BE MIXED TO ALIFY FOR QUANTITY PRICE& 74 SERIES ONLYIDATA IS »
AVAILABLE FOR THE ABOVE ERIESOFICQSINBOOR FORM. PRICE 35p. TRANSFORMER BMTSO £2 15 p' & p' 25p
HTEGRATED CIRCUIT PAES
Manaofscturers “Fall Quts'* which include Functional and Part-Functicoal Talte. Theuc src classed a5 ‘out-of - —
spec’ from the maker's vers rigid specifications. but are ideal for learning about 1.C's and experimental work. -
Pak No. Contents Price Pak No. COontents Price Pak No. Contents Price Tv PE PA1 00
TIC0=12==7400 058 VICiG =3 X 7446 056 TICY) =0 X 7450 o858
TICOl=12x 7401 0-58 UIC48 =0 x 7448 C-5% TICH =5 X 7401 0:88 § Built toa specification and NOT s price, and yet stlll the greatest value on the market,
177002 =12 x 7402 0-88 TIC50 =12 X 7450 068 TICH2m B x 7402 055§ the PA100 stereo pre-amplifier has been concelved from the tatest cireult techniques.
TICO8=12x 7408 055 VISEl =12 %7451 0:88 TVICY3=B X 7403 055 Designed for nse with the ALS0 power amplifier systern, this quality “made unit
CIC04=12x 7504 0-58 TICs3=12x 7483 088 UICH =0 X 7484 0-58 N jncorporates no less than cight silicon planar transstors, two of these are
YIC05 =12 % 7405 0-58 TICHd — 12 % 7464 058 UICIE =0 % 7485 0-58 | selected low naise NPXN devices fof use In the {nput staxcs.
UIC8 =8 x 7406 Q68 T1Co0=12 x 7460 085 UICHEmB x 7400 0-58 switched stereo fnputs, and romble and seratch filtera are features of the
TICOT=8XT407 058 TICT0=8X 7470 085 TICL0D = B X 74260 085 PA100, which also has & STEREO/MOXNQ awlich, volume, balance and continuoualy
mmecuaas b | fEmoans o | EREeE o |l
TIC0=12% 74 4 =8x g =X 74141 -
TIC30 =~ 12 X 7430 055 TICTA-BXT474 0-58 TICIB1~5X 74161 088 | SPECIFICATION:
TEC40 =12 % 7440 055 TIO78=8% 7478 055 TIC164=8%74164 0-85 | Prequency response 20Hz—30kHz +1dB (e e ;tlsdﬂ at 20Hz
TICH wmbx 7441 055 VICBO =5 X 7450 0-58 TIC193=8x 74197 0-38 onic distertlon better than 0-1% Treble control +154B =t 20KH2
TICA2 =5 x 7442 0-58 UICA1 =8 x 7481 0-56 TICI9% =3 x 74180 0:65 | Inpots: 1. Tape head 1:25mV into S0KGT Fllters: Rumble (high pass) 160 Hz
TICid =5 X 7445 0-58 UIC82=5X 7482 088 9. Radlo, Tuner 33mV into 50K6) Herateh (low pass) SkHz ’
TIC34 =5 XT444 0-56 TIC83 =5 7485 ¢85 TICXI—25 Ansorted 74's 1-08 a. Mageetic P.U.  1-8mV !nto SOEQ Bignal/nolse ratio better than + 8548
TICIS =0 X 7448 0-88 UICBE =B x 7488 055 All Input voltages are for AR oRIput of 230mV. Ioput overioad +2¢dB
Tape and P.¥. inputs equalised to RIAA curve Supply +4-35 volta at 20mA
Packs cannot be split, but 25 assorted pisces (our mix) is available ss PAK UIC X1. within £ 14B from 20Hz to 20kHz. Dimentlons 202 % 82 % 35 mm
SPECIAL COMPLETE KIT MK50 COMPRISING 2 AL50's, onl £1 31 5
LINEAR L.C's—FULL SPEC. fg’al"cml SCE,'“ES DUAL-IN-LINE SOCKETS. | 1 SPMB0, 1BMT80 & 1 PA100 ONLY £25.30 FREE p.&p Y
- 1 23 s e
ln}.‘ 15 ose oan v fopp 1 43 - S‘U :.L {?a l',.lcP:% S?é&cu_’_gglb us; with ]_2 L3 0 OD LES
DIL M 035 033 030 by . o~z L5 ANges
DIE 13 043 483 040 ﬁ:-_::_‘ g_:: :-:: 0.1« | PROFESSIONAL & NEW LOW COST. AL" OIA OIA g 0 AU DI AMPL":IER M U
; - RS o1 a5 o | PROF. TYPENo. 1-24 2599 100up.
.15 .1 ‘I‘SO g The AL10, AL30 and AL30 units wre
SJJ :.:s ols l p' ype 3 ggg gzg mimilar in thelr wppesrance and in thelr
.16 Y ot 1'024 1p 0p 68p genera)] specification. However, careful
0.30 (3] .25 selection of the plastic power devices hag
a3 0.4 o1z | LOW COST No. requlted In & range of cutput powers from
o 0 6.z3 BPS 8 fm ype 3p 12 1ip 3 to 10 watts R.M.8.
"7: ::"' :T" IIPS 16 :.6',9 ;g" ll;" The versstility of their design makes them
WA, (=1 b i 14¢al for use in record players, tape recordera.
a3 043 0.4 stereo amplifiers and casscite and cartridge
. . 15 .43 P NUMERICAL tape players in the car and at home.
N5 Bt N4 043 040 045 041 [T INDICATOR TUBES
ELt LI ] Topr Descripton
b T13 Mo 7 Negient
dicator 5 £1.50 Pa Candit,
3 TERMINAL BOSITIVE VOLTAGE BI-PAK MAN 9 7;:4"';_"":7?"" i = = - =l =
RECILATORS \(lacactrns ! g = 2
T3 Vu Fnamabotion 13 15 e | CATALOGUE AND LISTS G | et T AN O D TR Ol e e P SR ATTH =LK H Sy G525
NG Y o VI A = : . =
I A SRR T Send S.A.E. and 18p. L ToAD [bRDANCE = =1
INPUT IMPEDANCE {-1KXHz W00k
teak veneerep | The STEREO 20 FRRQUENGY REAFONGE & 25 romawars | some-wwr
CABINETS for: SENSITIVITY for RATED O/P Va=25V. BI-60 {~1KHz | 75m¥. Ru5
The 'Btereo 20' ampiifier is monnted, ready wired and tested T o e o T m—— ¥ = = =
JEIERED 20 on a one-plece chassis messuring 20 em X ldem X §-5em. DIMENSIONS kT § x 24" x T
TC 20. £3-95 p&p 30p. This compact unit comea complete with onjoff switch —
volume control. balance. bass and treble controls. The above table relates to the AL10. AL20 and AL30
MK 50 KIT Tr-nun-tinlrmler;::':l s'-:xaly -ndEl PU‘T nnp;- modules. The following table outlinea the
TC 100. £6-50 4up. Af tively nt penel end match- in their eonditi
: R ing control knobs. The -Etereo 20" han beca ; b S :
= esigned to it into most turmtabdle plin
Smﬂi‘nﬁzfg:::d:";::f :lltkhout llnc'ierlerlm( with the me:hnnis;x{:n or. Parametar ALL0 ALeo AL30
v i & t ¥
;::c;r. [:lcg;dmgz ip;fa:l;ers. 0“;':,3 é"é"'{;él"“’}" ;u;fl’;;;:; o (&mi') Maximum Supply Voltage 25 30 30
etail Price Per pr. 300m q. res. L5Hz-25
GUR SPECTAL PRICE £35-50 Input 2 (Auz.) 4nV into 30K. Harmonic P"l']';i ,_..-,:5; ff': ‘ﬁ‘ %‘,‘,'D' sn ;‘-sth ;;;z;m_ g:g;.;:m
per pair p&p £1. ONLY WHILE distortion. Bass cootrol +124B st £0Hz
STOCKS LAST! typically 0:25% at 1 waei. Treble con. £1 4.45 P E 220 £2.89 3
4 144B at 14kHz. RIC - b - £3-
FRONT PANEL, 4 knobs. Headphone Socker, PA 12. PRE-AMPLIFIER SPECIFICATION o No S§8 085
?g{'ﬂ&“é‘fg and neon for PA 100/MK 50. §The PA 12 pre-amplifier has been designed to match into | Prequency response— 2 g ; g s '
most budpet stereo syatems. It s compatible with the ﬂggin lGOKHx (—S4B)
AL 10, AL 20 and AL 30 aundio power amplifiers and It
TRANSFORMERS can bs supplied from thelr lated power suprilea | ;o oni m* 124B at 80Hz 2 »
T451 (Use with ALI0) 4188 P a P 15p There are two stereo inputs, one has been designed for use 4 1448 pt 14X Hg 4
-;38 s(;hf) with s Azhn 7 AL!; &u!‘“lﬁv with *Ceramic cartridges while the suxiliary input wil | *Inpat I. lmped.l.nce »
(SRR e il suit most tMagnetic cartridges, Full detatls pre given in 1 Meg. ohm
the apecification table. The fonr controls are, from Jett to 1z mg.en[-l:xlvny SOOmV
OWER SUPPLIES right: Volume and onfoff awitch, balancs, bass and treble, | 17 o i D ) B0 G AR =

P212. (Use with ALI0 & AL20) 88y
{Use with also AL30 & Aug} -

BFX B0.

Blze 152mm x B4mm x 36mm. > = i o
FRONT PANEL FPI2 with knobs £1:20. fabiea orde: 55p

30 K
PRICE £4-35 Bensitivity 4mV
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THE ARRIVAL on the domestic mark-
et of the MOS/L.S] chip has brought the
electronic clock well within the reach
and ability of the home constructor.
No longer is it necessary to employ
two dozen or more digital chips to
achieve the counting circuitry; seven
segment LED or fluourescent display
further ease the problem by eliminat-
ing the need for 125V drives to Nixie
tubes (or similar discharge displays}.
The range of on chip facilities
available is increasing with every new
chip on the market. Basically, how-
ever, the facilities include 50/60Hz
input {all current chips use the mains
frequency as their basic counting in-
put), 12 or 24 hour display option
{usually with leading zero suppression
for 12 hour mode), fast and slow

The Bywood 5314 Jumbo Evaluation Kit.

time advance controls for initial dis-
play setting and time hold to await
an accurate time indication (such as
the Greenwich Time Signal).

Other options found include alarm
circuitry used to trigger a buzzer or
switch on an external radio, 6 digit
counting, snooze alarm (i.e. turn off
alarm buzzer for a further 10 minutes
sleep} and mains failure indication.

A word of warning - all of the chips
used are delicate and some can be
damaged by finger-borne static elect-
ricity. The pins should never be
touched and a PCB socket is advisable
even if the kit does not include one.
If a socket is not used an ultra-
miniature iron bit should be used
with very thin solder. Finally make
sure the soldering iron used- is well
earthed.

BYWOOD

Readers of ET| are familiar with
the name of Bywood who specialises

50

in the supply of clock chips and
associated circuitry.

The unit supplied for review, the
5314 .Jumbo is an evaluation kit de-
signed to provide detailed knowledge
about the working of the chip and
displays.

The kit includes the MM5314 clock
chip and second IC (RCA CA 3081)
acting as a display driver for the
seven segment displays. Also included
are four 0.6 LED displays {DL747)
for hours and minutes and two 0.3
LED displays (DL707) for seconds
indication.

A nicely produced and neatly an=
notated printed circuit board com-
pletes the Bywood contribution. The
user is required to furnish 16 resistors,
a couple of diodes, 3 capacitors and

PEA’s Kit O.

6 LED switching transistors. BC213,
2N4403, or any similar transistor that
happens to be available can be used.
The kit supplied with manufacturers
background information and a 4 page
constructional guide. Clear details are
given for component assembly with
particular attention paid to ensuring
that the displays are aligned and level
on the PCB. A list of modifications
(such as 12/24 hour select, display
inhibit} is provided as expected with
an evaluation kit and a fault tracing
table is included.

Not only does the Bywood kit
provide a ready means of evaluating
clock circuitry, but is also forms the
basis for a usable clock. Constructors
requiring a case ready cut out for the
displays etc. are asked to telephone
Bywood to enquire as to current
availability.

PEA

The “Kit O electronic clock from

PEA ({Postlewaite Electronic Associ-
ates) provides a 4 digit time display
only although on chip alarm logic is
available. Push buttons are provided
for hours and minutes advance and
instructions are given as to the ad-
dition of a time hold switch.

The display is made up with 7-
segment filament indicators which give
a clear white easily read illumination
and have a continuous usage life of
twenty eight years. The instructions
suggest trying a filter over the displays

-and for close reading a green or red

shading certainly gives a display more
pleasing to the eye.

The finished unit is mounted in a
black ABS case (5’ x 4" x 2'') with a
white screened perspex front which
contains a PEA logo and a clear

section behind which displays are fit-
ted. When the reviewer's unit has
completed, some transistor cases were
visible through this clear section and
some wiring could be discerned behind
the white perspex. This was overcome
by using some black non-conducting
paint.

_ Once the see-through is cleared, the
PEA Kit O is a neat and compact unit
that has been admired by all who
have seen it in use.

Assembly is straightforward if a
little fiddly because of the small nat-
ure of the PCB and some components.
The two page instruction sheet is
brief but clear and includes a wiring
diagram and circuit diagram. The
first job is to fix the miniature trans-
former, mains lead, two switches and
three PCB stand-off pillars to the base
of the case.

Attaching the components to the
PCB requires a miniature iron, thin
solder (supplied with the kit) and a
good eye since despite its small size
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{about 3% x 2%") it holds the IC,
four 7-segment displays, 11 transistors,
34 diodes and 29 passive components!

Fortunately the component side of
the board is clearly screen printed
with component locations and orient-
ation where applicable. The roller
tinned PCB tracking takes solder well
but care is needed to ensure that no
fracks are bridged. The IC is soldered
=rzctly to the board and as well as
requiring the usual care in handiing,
=~ecessitates an earthed iron.

Coming complete with mains cable,
grommets, interconnecting wire and
solder this kit is a very interesting one
evening project.

TRAMPUS

The "“Real Time Digital Readout

‘The Heathkit Electronic Clock Kit.

Clock” from Trampus Eiectronics is
something of an electronic jigsaw in
terms of instruction deciphering, elect-
ronic construction and mechanical
assembly.

The kit is supplied with a white
plastic case but this is not drilled or
cut for any fittings. |t is not too
difficult to drill for the time-set swit-
ches and mains cable but producing a
neat rectangular cut out for the LED
display is not easy. The LEDs present
the first of the wiring problems since
the user has to produce his own vero-
board layout and then decide how to
connect it with the PCB. The board
itself is double sided but does not have
through-hole plating. This means that
components have to be soldered on
both sides of the board which in turn
means they require standing off from
the board susface. The 'soldering of
the IC on both sides is so delicate
that the instructions recommend the
use of a socket for the IC and yet a
socket is not included.

The instructions for construction
of this clock are a mixture of inform-
ion gleaned from manufacturers litera-
ture {and meéznt only as background
material) and Trampus notes. Before
constructing this kit the user would be
well advised to read all the instructions
carefully, delete the irrelevant com-
ments and coliate the non-contiguous
references to specific points.

All kit suppliers are presently
suffering from difficulties with com-
ponent supply and many of the kits
reviewed in this series arrive with
amendment sheets. Trampus however
have chosen to amend the multilith
master used to print the instruction
sheet and the reviewers copy had too
many alterations and amendments.
Trampus would be well advised to

1 Conitimiing his seri f electronic kit revies, Jeff Maynard
looks at some Digital Clocks.

display is easily read even in bright
sunlight and at sharp angles.

With the alarm button depressed the
display is advanced using the time-set
buttons and the set time remembered
on-chin logic. When the actual time
matches the alarm time an in built
bleeper is activated - pressing the
snooze alarm at this stage gives a
further 7 minutes before the alarm is
reactivated. Following a power supply
failure the display reads all eights to
avoid erroneous time readings.

The finished unit presents a good
looking, functional, state-of-the-art
clock. The only problem remaining
for the would be constructor is act-
vally putting it all together. Those
who know Heathkit will realise that
this does not really present any diff-

5314 Jumbo Kit

Kit O

Readout Clock
GC 1005

DIGITAL CLOCK KITS 1

Real Time Digital

ALL PRICES INCLUDE ¥AT,

Bywood Electroaics, 181 Ebberns
Road, Hemel Hempstead, Herts.
Price £25.08.

P.E.A. Limited, 35 High Street,
Woelwyn, Herts. Price £25.30.
Trampus Electronics, P.O. Box 29,
Bracknell, Berks. Prica £22.00.

Heath {Gloucester) Limited, Bristol
Road, Gloucester, GL2 6EE, 3
Price £31.90. ?

review the layout and content of
their kit and its instructions.

HEATHKIT

Clear, concise and foolproof instruct-
ions coupled with easy to read dia-
grams are maintained in the 30 page
construction manual supplied with the
Heathkit Electronic Clock Kit. The
kit is conventional in that it utilizes a
MOQS/LSI chip to provide all the nec-
essary counting and memory circuitry.
Discrete components are used for the
power supply and readout display
drive circuitry. (21 transistors in
total). The clock is housed in a black
plastic case with {optional} wood grain
effect covering; as usual it looks more
than good when finished.

The constructor has the option of
12 or 24 hour display when wiring up
although the built in alarm is once a
day only in either mode. The alarm
display (push button operated} con-
tains an AM/PM indicator. The 6 digit

ELECTRONICS TODAY INTERNATIONAL-AUGUST 1974

iculty even for the first time builder.

A separate instruction is given for
every component of the clock inciud-
ing individual display tube pin holders.
Each instruction refers to a di@grém
of the circuit board currently being
worked on to indicate component
position. The orientation. of semi-
conductors is shown both in the in-
struction manual diagram and on the
circuit board itself.

All interconnecting wire required
is included in the kit (together with a
pack of solder) and the instructions
include details of the exact length to
which various pieces should be cut
(helped by a scale along the bottom ot
each page!). Cutting exact lengths
prior to instatlation certainly makes
life easier and total construction time
is about 3% hours.
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ELECTRONICS
-it’s easy!

Capacitance and inductance — the basic concepts

SO FAR we have concentrated on
circuits which are composed of pure
resistance only.

The relationship between current,
voltage and resistance in such circuits
follows Ohm's Law E = IR.

Ohm’s Law is a linear relationship,
that is, if we graph current against
voltage for a particular value of
resistance we obtain a straight line.

In practical circuits however we find
that, when the current is varying with
time, Ohm's Law does not adequately
explain all the things that happen. This
is because resistance is not the only
basic property that an electronic
circuit has, and the response of a
circuit to a varying signal may be far
from linear.

All electronic circuits have two
further basic properties {other than
resistance) which are evident only

whilst current and voltage are
changing. These two properties are
known as INDUCTANCE and
CAPACITANCE. They are of extreme
importance in electronics.

Both of these phenomena enable
energy to be stored in a circuit An
inductance stores energy in 3 magnetic
field. Capacitance stores energy in an
electrostatic field. -

in this part of the course we will
study the nature of capacitance and
inductance, how components having
given quantities of these properties are
constructed, and additionally how all
three basic components behave when
subjected to transient signals.

THE TRANSIENT

The word transient  describes
comparatively short-tived conditions
that may exist in a circuit

AT T

when some form of electrical
disturbance is appffgd — a sudden
voltage change for instance.

The ftransient behaviour of the
resistors, capacitors and inductors is
fundamental to numerous electronic
technigues — as we shall see.

Basically the way a transient signal is
modified by a component depends on
the energy storage capability of that
component. Previously we have seen
how a switch may be used to turn a
source of power on and off causing a
current to flow in the load — e.g. a bell
or lamp. If however we were to
examine how the current in the circuit
changes with time for the bell and
lamp, we would find that the current
does not, in fact, change from zerc to
maximum instantly, but changes in the
manner shown in Fig 2a and 2b
(respectively). The initial part of these

SWITCH
y
TRANSIENT g}i#g"’
REGION
| REGION
G FINAL //’
CURRENT iy | VALUE
BELL ,/’
CIRCUIT /
/ g
= . TIME
| 0 yoan <
5 Fig. 2a.
&
TRA ] T g "
N'S 4y MAXIMUM
ShuALLE STEADY
INITIAL e _SITE_
IC!S[‘:VE::T N : FINAL
A
CIRCUIT AT
LAMP
I
o] = s
Fig. 2b.

CURRENT

A
|

oL—J.__....— TIME

TURN
ON

l|'+

OSCILLOSCOPE
1
SWITCH \vl’ =
o & /
& y
Fig. 3.

Q\§w1

CONDUCTING i
PLATES

Fig. 1. Basic circuit far switching bell or lamp etc.
Fig. 2a. Typical switch-on characteristic for a bell.

Fig. 2b. Switch-on characteristic for a lamp.

Fig. 3. A step in voltage applied to a resistor will produce a step voltage across. That is the

shape is not changed in any way.

Fig. 4. The basic capacitor consists of conductive plates separated by an insulating space or

matersal,

CHARGES FLOW
WHEN SWITCH
CLOSED

=

Fig. 4.
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two curves is the transient region.
Once the signal has stabilized to a
constant value it is said to be in the
steady state condition.

In the case of the bell the current rise

is slowed by the electromagnetic effect:

of the coil (used to attract the metal
armature). The coil of the bell is in
fact — an inductor, and energy is
stored in the electromagnetic field set
up by current flow in the coil.

Current in the lamp, when first
switched on, varies for a different
reason. In this case the current
immediately rises to a maximum value
that is determined by the cold
resistance of the filamsnt But as the
lamp filament heats up, its resisiance
increases, causing the current to
decrease to a steady-state value which
is less than the initial value. Again it is
the storage of energy — in heat form in
this instance, that produces the initial
ransient resp onse.

RESISTORS AND TRANSIENTS

We know that pure resistors cannot
store electrical energy — they can only
dissipate it in the form of hezst
Consequently, a properly designed
resistor, for use in electronic circuits,
will not modify the time behaviour of
an electronic signal. A square-wave
applied via a switch, as mentioned
above, will stiil remain a square wave.

This is illustrated in Fig. 3 which
shows the waveform developed across
a pure resistor in response to a
step-change input Such a test is catled
a step-response test.

Any kind of waveform when applied
to a resistor {sinewave, sawtooth, pulse
etc} will be handled without change of
shape in the time dimension.

However although waveshape will
not be affected, the amplitude will be,
the output value will depend upon the
voltage drops occurring in the resistive
circuit and is easily calculated using
Ohm’s Law.

In  ordinary electronic circuitry
practical resistors behave like pure
fesistors and hence we need not worry
about transient conditions.

But, as the operating frequency of a
circuit is raised, to around 50 MHz or
beyond, the resistor may have
inductance and capacitance as well as
its designed resistance value. For such

work, special component design
technigues must be used to minimize
these undesirable {in this case}
side-effects.

CAPACITANCE

Every electronic circuit will have
current carrying conductors  or

components running next to other
conductors or components. Where
adjacent parts of the circuit are
operating at different potentials, there
will be an electric field between the

two parts. This is a basic physical
principle.

It takes energy to set up a field and it
has been found that the amount of
energy stored in an electric field for a
given voltage difference is proportional
to the area of the acjacent surfaces,
and inversely proportional to the
distance between them. That is, the
capacity to store energy is inherent in
the physical arrangement — the larger
the - conducting surfaces and 1the
smaller the distance between them —
the higher the energy storage capacity.
Little wonder then that this
characteristic of a circuit is known as
CAPACITANCE.

In practical circuits the inherent
capacitance between components and
leads is very small and, unless the
circuit is operating at very high
frequencies, of little importance.
However capacitance is useful, and we
can put it to work by building

i POLYESTER 4
= CAPACITORS — &

s
=t

Fig. 5. Typical capacitors as used in
electronic circuitry
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components which have definite
known values of capacitance.

The basic construction of such a
component is illustrated in Fig. 4.
There we can see that a capacitor may
be constructed from electrically
conductive plates separated by an
insulating material. The electrical
insulator, known as the DIELECTRIC
may be air, oil, insulating paper,
plastic film, ceramic layers or special
fluids. depending on the properties
required.

Assuming the capacitor in Fig. 4. has
no initial charge, the voltage source
causes charges to flow, the moment the
supply switch is closed, creating a
charge imbalance between the two
plates {negative charges on one side
and positive on the other). The charge
imbalance will create an electric field
in the dielectric between the plates
and a voltage across the plates which
opposes the source. Thus chargss

<,
[ am
CERAMIC )
CAPICITOR i
o |
VARIABLE
TUNING
CAPACITOR j
TRIMMER
CAPACITORS

For aa o

ELNA

30y 2500
CEDZW

ELECTROLYTIC
CAPACITORS
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continue to flow until the voltage
across the capacitor and that from the
source are equa’

If the supply switch is opened, the
charge remains, together with a voltage
across the capacitor that depends on
the quantity of charge stored. In this
condition the capacitor is said to be
charged.

Any resistance connected across the
plates will provide a path for the
charges to flow towards neutrality.
Practical dielectric materials and
mounting insulators are unable to
provide  an infinite  insulation
resistance and hence all capacitors
have a finite value of resistance. The
charge storage time, therefore,
depends upon this resistance which is
known as the LEAKAGE
RESISTANCE. Quality capacitors
have very high leakage resistance and
are able to hold charge for many days,
but their extra cost is not always
warranted.

As mentioned earlier, physical
principles tell us that the storage
capability of the capacitor is given
by:—

A
CSilonr
where k equals dielectric constant

A equals area of plates
d equals distance between plates

! R

1L

Ll

Fig. 63. Circuit of an RC network.,

t-632%

Fig. 6b, The transient behaviour of the RC
network of Fig. 6a.
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The dielectric constant (‘k” in the
equation above} is a number
dependant upon the material used.

For example air is the standard
dielectric having a constant of 1.
Barium titanate has a dielectric
constant of 1143, therefore a
capacitor with barium titanate ‘as a
dielectric would have 1143 times the
capacitance of an air dielectric
capacitor with the same plate spacing.

The wunit of capacitance s the
FARAD and is the value of
capacitance by which an applied
voltage change of one volt per second
produces a current flow of one
ampere.

In practice the FARAD is a far larger
value than is normally encountered.
Instead ° the smaller  sub-units
microfarad (uF = 10-¢ F), nanofarad
(nF = 102 F) and picofarad (pfF =
1012  F} are most commonly
employed.

Physical size limitations prevent the
flat plate capacitor, described above,
from providing any more than a few
picofarads of capacitance.

In order to make components having
larger values of capacitance, different
construction methods must be
employed which utilize as much plate
area as possible, have the smallest
possible gap and use high
dielectric-constant materials as
insulation. However, small gaps imply
low insulation resistance and large
values are only obtained at the
expense of increased physical size,
andfor, reduced safe working voltage
levels.

In the so called solid-dielectric types
several manufacturing methods are
used — rolls of aluminium foil
interleaved with plastic film, layers of
deposited materials etc. Knowledge of
the actual construction is of little
importance to an understanding of
electronics however, so we will leave
these aspects to the designer. What
does concern us is that by using this
method of construction, reasonable
working voltages are obtainable, but
for values of 100uF or more physical
size becomes a considerable problem.

A second major class of capacitor,
known as electrolytic, provides an
answer to the size probiem, although
they have other disadvantages which
prevent them from being 2 universal
replacement.

In the electrolytic capacitor the
dielectric layer is produced by
electrolytic action (by means of a
chemical solution or paste} on the
surface of the aluminium feil. By this
means very large values are obtainabtle
in reasonable sizes. They suffer

however from the fact that they are
polarized {meaning that one
connection lead must always remain
positive with respect to the other).
Electrolytic  capacitors can  be
recognized, usually, by the |zads being
marked with polarity. If the polarity is
reversed the capacitor will be darmaged
— it may even explode!

Electrolytic capacitors must not be
used for ac signals unless the signal is
biased with a dc level so that polarity
of the capacitor is never reversed.
{This is not as grezt a disadvantage as
it may seem). Further, the insulation
resistance of electrolytics is usually
relatively low. However, not
withstanding the above disadvantages,

CONDUCTOR
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Fig. 7a. The basic inductor is merely a wire
with current flowing through it.

Fig. 7b. The magnetic field about a single
loop of wire carrying a current.

Fig. 7c. The magnetic field about a loosely
wound coil of wire carrying & current.
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electrolytics are used extensively
because of their large capacatance per
given volume of component.

An assortment of capacitors is shown
in Fig. 5 and more illustrations may be
seen in the trade catalogues mentioned
in the previous article in this series.

As with resistors, capacitors are made
in a wide range of values and may be
fixed or variable types. In the variable
types, those that have a wide
capacitance, range and have a shaft
suitable for mounting a knob are
known as tuning capacitors; those
having a screw driver adjustment are
known as trimming capacitors.

Fixed capacitors are sometimes
colour coded and this code is given in
Fig. 5. Usually however the value is
marked on the capacitor together with
s tolerance and working voltage e.g.,
100 uF £ 10%, 50 V working.

CAPACITORS AND TRANSIENTS

We previously explained that charges
will continue to flow into a capacitor
until the voltage across the capacitor
equals that of the source.

The important thing to realize about
this is that charge flow constitutes a
current flow even though there 5 no
direct electrical path! Further, current
flows only whilst the capacitor 5
charging or discharging. A little
thought will show that if a changing
voltage is applied to the capacitor a
corresponding change in charge
current will occur. Thus if dc is
applied, the capacitor, after an initial
charge period, will block any further
dc current, but an ac signal will pass
through the capacitor. The great
usefulness of a capacitor is therefore in
Separating various sections of a circuit,
as far as dc signals are concerned, but
coupling them for ac signals.

The amplitude-time relationship for
the charging (and discharging) of
capacitors obeys an exponential law
{stated simply, an exponential change
is one which doubles, or halves, for
each unit interval of time} and the
shape of the charging function is
always the same, {see Fig. 6), the only
variation being in the scales used. The
actual time taken for a capacitor to
become fully charged (or discharged)
depends on the size of the capacitor
{i.e. amount of energy to be stored or
released) and upon the amount of
series resistance in the charging circuit.
Fig. 6a shows a basic charging circuit.

As the charging curve obeys a well
defined mathematical law we are able
to characterize all charging and
discharging operations by what is
called the TIME CONSTANT (symbol
Torr).

The TIME CONSTANT s by
definition the time taken to charge to
63.2% of the final value, or discharge
to 36.8% of the final value. These

values are chosen because the time
constant is then simply equal to the
product of the resistance and
capacitance values. That is:—

T = CR

where T = time in seconds
C = capacitance in Farads
R = resistance in Ohms

For example a 1 uF capacitor,
charged though a 1 kohm resistor, will
reach 63.2% of its final voltage in one
millisecond. Note that the actual value
of the applied voltage does not alter the
felative amount of charge stored in a
given time.

A handy rule to remember is that the
capacitor is virtually fully charged {an
exponential charge never reaches the
final value — it merely halves the
charge remaining each additional time
unit} after a time of 3T.

Similarly when a resistor is placed in
parallel with a capacitor that is already

charged it will discharge to 36.8% of.

the final value in accordance with the
T = CR rule. As all capacitors have
some internal leakage resistance
effectively in parallel, they will all
become discharged eventually.

The concept of time constant is
important when capacitors are used as
a means of storing voltages or for
smoothing variations on a dc voltage,
but more about this later.

INDUCTANCE

Previously, we have briefly
mentioned that, when a current flows
through a conductor, there is always
an associzted magnetic field around it,
as shown in Fig. 7a.

We can show that the field exists by
observing the movements of the needle
of a compass when held near it. Again,
this is a physical principle for which
we have no real explanation — we
merely know that it is there and have
learnt how to make use of it. Thus, as
with a capacitor, energy is stored in-a
field. This time, however, it is a
magnetic field, not an electrostatic
field as with capacitance.

The magnetic field around a simple
loop of wire is shown in Fig. 7b. The
field is represented by lines of circular
form around the wire carrying the
current. These lines are called lines of
magnetic flux and constitute the
magnetic field. The closer the lines are
together — the stronger the field.

One way of reinforcing the field is to
wind the wire into a coil, as in Fig. 7c.
The effect is to concentrate the lines
of force through the centre of the coil
and thus produce a denser field. The
field may be still further concentrated
by winding the coil around a soft iron
core and by winding several layers of
wire. By such means we can produce
powerful electromagnets which have
many uses {such as in the relay used in
an earlier experiment).
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If we try to vary the current through
the coil we find that the change is
resisted, ie, the coil tries to maintain
the current at a constant level. This is
because the coil generates a voltage,
called the back emf, which always
opposes the supply voltage change.
This effect is known as INDUCTANCE
(symbol L) and is only evident when
the current tries to change.

The wunit of inductance is the

HENRY and is defined as that value of

BALLAST
CHOKE

":/'

\nr CHOKES =

Fig. 8. Typical inductors as used in
electronics.

oV

—
- CHARGE

632V [-

L

Fig. Ba. The basic resistor and series inductor
circuit.

Fig. 9b. The transient characteristics of the
series L R circuit.
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inductance which will preduce an emf
of 1 volt-across 7t when the current is
changing at 1 ampere per second.

di
Thus e = L —
dt
where e = instantaneous voltage
across coil
L. = inductance in Henries
di rate of change of
4i = currentin amperes/

second

A single piece of conductor has only
a minute amount of associated
inductance. It is so small that it may
be neglected in circuits operating at
low frequencies. However, as with
capacitance, inductance is useful, and
components may be specially
constructed having values of in-
ductance from a few microhenries to
tens of Henries, with millthenry and
microhenry values being the most
commonly used.

The inductance value depends. upon
the number of turns, and {if used) the
iron core. 1t does not depend on the
resistance of the wire. Unfortunately
large inductance values, of small
physical size, can only be made by
using thousands of turns of very fine
wire, and hence, the resistance is high.

Thus an inductor which is required to
carry a large dc current will be bulky
and heavy.

Practical inductors, therefore, come
in many shapes and sizes and may
range from a singte piece of wire to a
millior-turn coil, or a many
kilogram-weight unit as used in radio
ransmitters. Fig. 8. shows a range of
units commonly encountered in low
power electronics. Variable inductors
are also required in some circuits and
these may be produced by arranging
for, a variable air gap in the iron
circuit or, a small slug of ferrite (a
type of ferromagnetic material} which
can be screwed in or out of the coil, or
by using a sliding contact to ‘tap off’
various parts of the coil.

INDUCTORS AND TRANSIENTS

As said earlier, an inductor will resist
any attempt to change the steady-state
field conditions. in other words energy
being put into, or taken out of, the
field experiences a retarding force.
This means that the inductor is quite
happy to pass a dc current but will
oppose any changes in that current.
Hence an inductor is useful where it is
desired to pass a dc current but block
any ac component. This is the reverse
of the effect of a capacitor which
passes ac and blocks de.

In a similar fashion to the capacitor,
we find that the inductor has a
characteristic time constant, in
response to a step function input, and
the current versus time curve also
follows an exponential law.

The time constant for an
inductor-resistor circuit is given by:—

T=L
R

wheré T = time in seconds
L = inductance in Henries
R = resistance in Ohms

The circuit of an LR netwo‘k is given
in Fig. 9a together with the current
versus time behaviour when the switch
is first closed. At the instant the
switch is closed the value of current is
zero but the rate of change of current
is very high. Thus the current increases
rapidly at first, and then more slowly
as it approaches the Ohm's Law value
(E) When the current reaches asteady

state value the inductive effect
disappears.

Thus we see that in any circuit
containing inductance or capacitance
Ohm’s Law only applies during direct
current  (that is steady state)
conditions. Next month we will show
you how the effects of inductance and
capacitance on an ac signal may be
calculated. We will also examine a
special kind of inductor known as a
transformer-. ®
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ELECTRONICS -in practice

Continuing the signal transmission project

THE PREVIOUS ARTICLE in this
series described how to build a
low-frequency mechanical form of
signat generator that could be used to
examine waveforms and signal
transmission.

We now expand this project so that it
may be used as the sending end of,
firstly, an amplitude modulated {(AM}
and secondly a frequency modulated
{FM) telemetry link. (A telemetry link
15 one that carries information ).

AM DEMODULATION
The generator is connected to the
transmission line over which signals are

d 1
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' MECTE R
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to be sent The line can be of any
practical length  providing the
resistance of the cable is kept low. Bell
wire or twin lighting flex is ideal.
Using the AM control, the received
signal will be as shown in Fig. 10. This

signal must be processed
{demodulated) to regain the original
signal — which in this case was the

angle of the AM potentiometer input
shaft

Demodulating an AM signal is very
easy. All we need to do is just average
out the pulses using a smoothing
circuit in which the values of the

20KV MULTIMETER
ON 2.5V F.5.D. RANGE

L Il ]

1
) 12V
L ! i i OUTPUT WILL
---------- TRANSMISSION | AM. DEMODULATOR VARY 0—2.5V
1
1
1

]

: LINE
1

Fig. 10. AM demodulator circuit.
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resistor and capacitor have a
time-constant chosen to smooth out
the 1 Hz carrier frequency but not the
fower signal frequencies. The circuit
shown in Fig. 10 does just that.

The needie of a muitimeter,
connected as shown, will rise and fall
in sympathy with rotation of the AM
potentlometer shaft. If the AM control
is left set you should find that a
frequency change — induced with the
FM control potentiometer — will not
alter the output level, showing that the
AM link is not affected by changes in
frequency.

FM DEMODULATION

This is not as easy to achieve. The
requirement is that the demodulating
circuit provides energy to the cutput
meter that is -proportional to the
frequency of the signal received, not
to its amplitude — as was the case with
AM.

It is accomplished here using several
stages each having a specific purpose —
see Fig. 11,
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Fig. 11. FM demadulator circuit.

The first stage accepts the square
waves as received and produces a pulse
of constant width and height (and,
therefore, constant energy) at each
transition of the square wave.

The circuit ‘used is called a
differentiating circuit for it produces
the differential of the input signal.
This means that changes in the signal
produce an output signal — but
steady-state levels do not In our
circuit, the capacitor is used to let
charge through when the signal is
varying but not when it is steady.

The choice of time-constant decides
thesize of the pulses produced.

The second stage has the task of
removing the negative-going pulses
irom the preceding differentiator which
produces both positive and negative
pulses and, unless one or the other is
removed, the negative and positive
going pulses will effectively cancel out
— resulting in zero output.

The pulse-removing stage consists of
a half-wave rectifier that lets through
positive pulses only.

A more efficient circuit would be a
full-wave rectifier as it would let both
polarities through, giving twice the
energy. '

The original signal has now been
converted to a train of constant size
pulses that occur at a rate depending
on the positions of the FM control
input shaft. All that remains now is to
average these puises with our, now
familiar, capacitor-resistor smoothing
circuit

This circuit is not particularly
efficient and only fractional voits are
produced at the output It does,

however, incorporate the basic
concepts used in  many circuits
without needing the addition of
amplifiers.

The waveforms at each position ar2
given in Fig. 11. If you have an
oscilloscope available you will be able
to observe them.

This circuit will send shaft position
information using FM techniques and
the output signal is not affected for
reasonable variation in AM control.

AC COUPLING

We know that capacitors will pass ac
signals, but not steady dc levels. This is
easily demonstrated by adding two
{electrolytic) capacitors in series with
one ling as shown in Fig. 12. Provided
the values are around those shown, the
AM and FM links will work just the
same. It is quite satisfactory to
increase the size as this improves the
coupling but a reduction in size witl
attenuate the signal.

MULTIPLEXING

So far we have not actually sent
more than one signal along the wire at
a time. If several generators were
available, each operating at a different
frequency, it would be quite possible
to build a multi-channel link,

A simpler way to demonstrate this
instead is to use a dc circuit through
the wires as shown in Fig. 13,
Operation of the light does not affect
the AM or the FM link also working
over the same twag wires. 9

| ¢
fo s 1| -0

SEND RECEIVE

i
NS
100uF I 100uF
25V 25V
{ELECTROLYTICS]

Fig. 12. The addition of capacitors does
not stop the transmission of ac signals
along the line.

O =]
SEND Y RECEIVE
o—{—g— =2
100uF 100uF
2.5V
LAMP
v
==l

Fig. 13 A dc lamp circuit will operate on
the line at the same time as a modulated
signal channel thus demonstrating
multiplexing.
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WILMSLOW AUDIO
g2

The firm
for
speakers/

Baker Group 25, 3,8 ¢or 15 0ohm £ 7.75
Baker Group 35, 3,8 or 15 ohm £ 8.50
Baker Deluxe 8 or 15 ohm . . £10.75
Baker Major 3,8 cr 15 ohm, £ 8.50
Baker Regent 8 ot 15 ohm . £ 7.75
Baker Superb B or 15 ohm . . .£14.50
Celestion PSTB (for Unilex) . £ 2.25
Celestion MH1000 horn 8 or 15
ohm £10.45
EM[ 13 X 8, 3 Or 15 ohm = bR PlE
EMI 13 x 8. 150 d/c 3.8 or 15
ohm £ 2.35
EM| 13 x 8 450 t/iw 3,8 or 15
. £ 3.60
EM| 13xB 3508 or 15 ohm . £ B.25
EM[ 13 x 8 20 watt bass £ 6.60
EMI| 24" tweeter 8 ohm 65
EMI 8 x 5, 10 watt, d/c, roll/s 8
ohm £ 2.50
Elac 59RM109 15 ohm
59R M114 8 ohm . £ 2.65
Elac 6%" ‘cone, 1oli/s 8 ohm . £ 335
Elac TW4 47 tweeter . . . £ 1.21
Fane Pop 15 watt 12" £ 4.40
Fane Pop 25/2 25 watt 12" £ 6.40
Fane Pop 40 40 watt 10" . £ B.50
Fane Pop 50 watt 12 £11.00
Fane Pop 55 60 watt 12% £12.50
Fane Pop 60 watt 15" . £13.00
Fane Pop 100 watt 18", £22.50
Fane Crescendo 12A or B, 8 or
15 ohm £29,00
Fane Crescendo 15 8 or 15 ohm £36.00
Fane Crescendo 18, 8 or 15 ohm £47.50
Fane 807T 8 d/¢, roll/s 8 or 15
6D IR N e S 32 8 5
Fane 801T 8" d/c, roll/s 8 ohm £ 7,00
Goodmans 8P 8 or 15 ohm, £ 4.49
Goodmans 1QP 8¢r 150hm . £ 4.70
Goodmans 12P 8 ¢r 15 ohm . £11.65
Goodmans 12P-D, 8 or 15 ohm  £15,B5
Goodmans 12P-G, 8 or 15 ohm_  £14.50
Goodmans Audiorm 100, 8 or 15
ohm ., . . £ 9,50
Goodmans Axent 100, 8 ohm . £ 6,60
Goodmans Axiom 401, 8 or 15
ohm b £15.10
Goodmans Twinaxiom 8" 8 or 15
oh £ 6,79
Goodmans Twinaxiom 10" '8 or
v £ 7.61
e T RO = O g T Tl S e LTSS
O T R = Bk R = R . T DM
e R O e s e O
e RO e S S ST L)
IKeTSB!1F3 S SR R £11.75
KERDNSESRL LS b S 18 £ 1.92
Kef DN12 AL Sty 7L
Kef DN13 . £ 275
Rlchard Allan CG8T 8" ‘a/c roll/s £ 6.35
C4001G super tweeter . £°6.19
Wharfeciale Super 10RS/DD 8 T ET
& 9.
Fane 701 twm ribbon horn. . £23.00
Baker Major Module . .each £10.75
Fane Mode One . . each £ 9.90
Goodmans DIN 20 4 ohm . each £ 8.75
Helme XLK25 . . pair £18;17
Helme XLK30 . . . .pair £14.95
Helme XLK50 . . . .palir £37.18
ek TE I S S e J C R 22 35,0
Kefkit 3 ., . each £34.00
Peerless 3-25 (3 sp system) each £15.00
Rlchard Allan Twinkilt . . eacih £ 8.25
Richard Allan Triple 8 . . each £13.00
Richard Allan Triple . .each £18.50
Rlchard Allan Super Triple. each £21.50
Wharfedale Linton 2 KIt. . pair £19.25
Wharfedale Glendale 3 kit . palr £34.50
Wharfedale Dovedale 3 kit . pair £52.50

PRICES INCLUDE VAT,

Cabinets for Hi-Fi and PA_, wadding,

vynair etc. Send for free bocklet-
"*Choosing a Speaker”.

FREE with orders over £7-HiFi Loud-

speaker enclosures book.

All units guaranteed new and perfect.

Prompt despatch

Carriage and insurance: Speakers 35p

each, Kits 75p each (£1.50 pair)
Tweeters and crossovers 20p each.

WILMSLOW AUDIO

Dept ETI

Swan Works, Bank Square. Wilmslow.

Cheshire SK9 IHF.
Tel. Wilmslow 29599

{Discount Hi-Fi, PA and Radio at
Swan Street, Wilmslow).
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The completed International 4600 synthesizer.

INTERNATIONAL MUSIC
3600/4600 SYNTHESIZER

External input module, keyboard details — and a keyboard
controller modification.

EXJOT 10~ ® EXT,

i ; INPUT 1 7

i % n T sl ' v co EXT. TRIGGER _
?(;(?k 10pF 47V FROM PATCHBOARD

R20 OFF
A3k @ 0]
ON W2 EXTERNAL TRIGGER

TO ENVELOPE ANO
TRANSIENT 1 AND 2.

Fig. 1. Circuit diagram of
extemal input module.

®EXT.
INPUT 2
QUTPUT

R12
100k
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md-vo:tage 7 tvo8 V) by an external
network — in our case R5 and R7.
Gain of the amplifier is st by
- R7TARI1 +R3)and.sinceRI‘3maybe
 switched I or out, tWo gain ranges
are available. These are 56 dB and
32 dB (voltage gains of 630 and 40).
These, of course, ate fully variable by
means of the mput potentiometer.
~ The frequency msponse of the |
o amphﬁers is 20Hz to SOkHz +)
- —3dB.
~ Input 1 m“prov:ded with 2 tngger
af;ty If the peak negative output
s below the voltage selected by
YS 3, thie output of IC2 (acting as a
oomparator) will go to +6 volts and
- remain there whilst the RV3 voltage
F‘-:s exceeded. At all other times the
output of IC2 will be at —6 volts.
Dunng the positive excursion of
‘ICZ Cc8 charges rapidly to +6 volts
~ and when IC2 goes negative again C8
,Z.dwcharges slowly via K17 to -7
volts. Another, comparator, IC3, will
~ have its output at -6 voits if the
~ voltage on (8 is above O volts, and at
- 36 volts. xf the voltage on C8 is below
- 0" volts, e
The enveiope ﬁ'cm 2 oonvenuonal
~ instrument will usuafly have an initial
attack penod a sustain period and
~ then a decay. With this type of
envalupe the tngget ‘will start high, g
iow whenever the envelope is gteater
'than theptesetbveland then go high
_ again, It will not respond to
: mdmdual cycles. due to the slow
: dxscha.rge of C8 by R17. The release
time is about20 mﬂhscponds

THIS month we provide details ot the
external input amplifier and of a
modification to the keyboard
controller.

Using the external input circuitry,
other electronic instruments {such as
an electric guitar) may. be fed into the
synthesizer modules in order to obtain
new and different sounds. One of the
two inputs has circuitry which
generates trigger pulses from the
external instrument’s signal, thus
allbwing the transient generators to be
triggered.

CONSTRUCTION

As with all other modules, a small
aluminium bracket is used to support
the printed circuit board,
potentiometers and switches. The
components should be mounted onto
the printed circuit board in accordance
with the component overlay Fig. 3,
taking care with the orientation of
polarized components.

The switches and potentiometers
should then be wired as shown in Fig,
4, The input sockets are best mounted
on a panel at the rear of the
synthesizer,

Input levels
Input Impedance
Frequency response
20 Hz-50 kHz
Maximum gain
high sensitivity
low sensitivity

Trigger fevel
Trigger release time

SPECIFICATION
EXTERNAL INPUT MODULE

Fig. 4. Wiring to potentiometars and §,
switches — external input module.
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EXT. TRIGGER
FRO|

ROM p . sl
PATCHBOARD,

2 Fn\/—S V rims
50 k

¥0 -3d8

56 dB

34dB

adjustable 0 to 15V
approx 20 mS

Fig. 2, Printad circuit
patiern for the external
input module;

Fig. 3. Component
overlay — extarnal
input module.




KEYBOARD

Any 48 note keyboard may be used.

.,_,_.‘._.-_.
iy 4 il

We used an F to F organ keyboard but
C to C keyboards may be used, if
desired, simply by appropriately
tiining the oscillators.

The keyboard which will be supplied
by Maplin is a 48-note F to E with
flat-fronted hard-wearing plastic keys.
The keyboard is ready-sprung and
touch adjustable with brass-bushed
pivots for long life and minimum
sidesslop. The whole keyboard is
hinged along its length allowing it to
be lifted at the front for access to the
contacts.

Contact blocks may be used, but
these are quite expensive and since
only one make contact is required per
key, a simple but effective contact can
be made using gold-clad phosphor—
bronze wire,

Cut a 6" x 4" piece of 0.1" matrix
SRBP into five 0.8 x 6" pieces and
mount each one on the keyboard by
means of four %" No 4 self-tapping
screws. These can be screwed into the
hales provided in the keyboard chassis
and the SRBP is held off the chassis
using 4mm long spacers. The screw
holes in the SRBP should be made
w1th an 1/8" drill bit.

The external input module mounted in pasmon

ALL DIMENSIONS

" ARE IN MILLIMETRES

H MATERIAL 18 GAUGE

: ALUMINIUM DR STEEL

PRINTED CIRCUIT BOARD PATTERNS

' ! We had hoped to publish in this issue full-sized patterns of the
——é——— ' GLIHOLEE SRR p.c. boards for this project. Due to the space this would take up

1
¢

B
H i
12|71
2 r: | OSI’I‘)LES&AMI\.G'-. and the limitations imposed by having copy printed on the back,
¢ ] | ' we have changed these plans.
112 b iy é Ganol.sss.amdn The layouts are being printed separately and a complete set
r ! ﬁrr— e, will be sent on receipt of a large self-addressed stamped envelope
M) " 2 1 l {or an IRC for overseas readers): Requests for these should be sent
I i Lh ; : es i to:  Synthesiser P.C. Boards,
o e Fig. 5. Drilling details Electronics Today International,
12l for extarnal input 386, Ebury Street, London SWTW GLW.

mounting bracket. £ . z i
Please do not enclose any correspondence with your letter, just

an s.a.e.

PARTS LIST — External Inputs

ETI601L

Rl2 Resistor 820 YWW 5%
RBEO e o B | £
Rl '1 .13 ” 10!( (2] ”
R34 o R 2K=0 -
R11,32,13 i 100k " Lz
RS5,6 12 150k ™ il
R7,8 re s60Kk " %t
m e ssok ;] "
R16,19 b iM = e
RV1,2 Potentlomct'r 50K Ioﬁ rotary

10k lin rotary
C7,8 Capacitor 10pF coramlc
ca s 0.1 sp ofyest 3
C1,3 20 - 1MF 16V elactroiytlc* »

,6 4.7 =
€2,4,10,11,12 Capacitor 10, 16
= “itrolytlc'__
* PC mounting or tag tantalu
1C1 integrated clrcuit LM381
1C2,3 bt ~ LM301A

D1 Dicde IN914
SW1,2,3 Toggle switch SPDT

-PC board €T1 601L
-Metal bracket to FligoS.

Patchboard Data Precision Type
673-11-024-01
Patcsh pins l]?ata Precision Type

The synthesizer front panal was hinged to allow eese of service. (Maplin Suppiies),
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“THESE COMPONENTS ARE ON

D1
1NG14

0.015.5

2

RS
™

INPUT FROM IC8 PIN 8
ON CONTROLLER BOARD

HOW IT WORKS —
Keyhoard controfler mod.

-Transistors Ql,land3fo:ma$
millisscond time delay for the togger
~_control signal. When a key is pressed
_ the output. of ¥C1/1 (on. existing
- board) goes to +T volts, When this
- oceurs, Cl charges via R, umil, at
‘about 0.6V, (set by R2 and R3)
transistor - Q1 starts to conduct

“ turning on Q2 which by feedback

: torns on Q1 even harder, The result is
- that CI is discharged by QI and Q2
" 30 about —6 volts and Q1 ind Q2 are

RI1. i
R A3Q3ualsotumedon,thconfput
. voltsge falls to —7 volts’when the 5

" millisecond period has elapsed. Now,
when the key is released, the output

of ’C1J1 goes to —7 vols and, dueto .

D1, transistors Q1, 2 and 3 all tum

e

further delayed by RS and-C2 and

IC1/3 where it is. squared up aod
becomes the trigger signal.

* between preming the key and the
. production of the trigger ggmal is

Fig. 6. Circuit diagram of keyboard controller
modification. Areas under tone penels are part
of original board.

. . “heid on due to the current through B

then passed back to the CMOS gate S
The total time lag mtmdacod .

about 20 milliseconds, and the trigger :

_ We now have two sample andhold
circmits. T:zns:swa:Q#andICZfoxm
a tempormary store which is eq@able' bf
for a 10 xmlhsecmld pmod, When |

‘off. The output transition of Q3 is = s

6.

ELECTRONICS TODAY INTERNATIONAL~AUGUST 1974

continues for sbovt 15
milliseconds aftex release. =

 The result of ail this manipulation &
. that the information going into the
- second and maim memory, is always

ot lﬁstimilhsecond: ol and hence

cannot- . be  affected by the
 propogation delay.

'mlﬁvibntor which 8 switched on
‘and off by the output of Q3. The

_:mxmivﬁntor always starts in the
_same sequence. The outputs from

- _xespecﬁvdy ‘to IC1/3 and IC1/4 by
apwiam C6 -and C4. Those gates

=] p them. The output of Q3
controls tben gates dhwtly Cvia
,mfm 8 and IC1/4 pin 13) thws
_ovoreiding the monostable imput,
Tha outpuis of ICI/3 and IC1/4
zcontrolm:'rs Q4 and Q7 (ETI 601e),

& :W&iﬂ_ ble the value of the glide
. potentiommieter may be reduced to

- Gates ICTA and KC1/2 form a
ndwokaﬁ.CBmsm:ﬁmthe'

. ICllz and ICif2 are coupled

" This sampling fochnique increases
ﬂwgdehy ‘of the glide potentiometer
and ‘i thie effect 16 found to be

61
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Cut two 2" pieces of gold clad wire,
lay one end of one piece on the un-
operated nylon key plunger and thread
the other end through two or three
holes in the SRBP board to hold it
firmly in position. Fix the second
piece of wire to the SRBP board in the
same way so that its other end just
reaches the key plunger, With a pair
of wiring pliers put a 90¢ bend in the
wire about % from the plunger so
that this wire lies across the first wire
at 90°. Now gently bend the wire
away from the straight wire until the
point is reached where the first wire
makes with it again when the key is
depressed about two-thirds of its
total travel. The ends of the wires
can be left sticking up through the
SRBP board to facilitate soldering to

the |eads going to the Keyboard Con-:

troller module.

KEYBOARD CONTROLLER

MODIFICATION

A problem has been found to exist
with the sample-and-hold circuitry of
the keyboard controller. The problem,
which was not apparent on our
prototype is that, when a key is
released and another quickly pressed,
the voltage generating circuitry moves
from the previous setting before the
sample-and-hold has released. This is

due to propagation delays in the -

detection circuitry.
The solution to the problem is
unfortunately a little complex, and a

separate PC board is required to. .-

contain the new components.
Note that, on the circuit of the
keyboard controller modification, the

parts in the shaded areas already exist .

on the main controller board.

CONSTRUCTION

Assemble components to ihe PC
board in accordance with the overlay
Fig. 8, again taking care. with
polarization of components., It is
recommended that a socket be used
for the CMOS [Cs.

PARTS LIST — Kayboard Controller

Modification
R4 Resistor 10k 1w 5%
R1,6 % 100k B
R2,3 L] 220k " W
R5.7,8 " ) " "
R9,10 L im T w
ril,12 " lom v "
Cc9 Capacitor 339F ceramic
c3 0.001MF Polyester
Cs,7 o 0.0056,
c4,5 o 0.0082 "
& " 88%3m= "
c8 " r—IJ'F "
clo 2% 4 7}.{ 35V electrolytic

:81 Integrated Cil’cmt 4001 CMOS
LM

Q1 Transistor Bc558 BC178 or slrnllar
Q2,3 L BC54 CIOB

*

Q4 o N§45

* from controller board

D1-D8 Diode fN914

PC board ETi €01

2 by 13mm spacers, 2 nuts, 2 by 20mm
SCrews,

652

_ keyboard showing

‘contacts are fitted.

Side view of the

how the gold-wire

Underneath view of the keyboard showing hov the wire fits to

the SRBPF.

The keyboard controller mod:ﬁaatron board is mounted at the rear of ﬂae main baard as
shown.

We mounted the board on the back
of the controller via two 13 mm
spacers as shown in the photograph.

- Only one additional hole has to be

drilled.
The interconnections and

modifications

follows:—

1. Remove QOB (can be used as new
Q4), R48, C1, R26, D2 and the link
numbered 40 which goes from I1C8
pin 6 to RV17.

necéssary are as

ELECTRONICS TODAY INTERNATIONAL—AUGUST 1974
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Fig. 7. Printed circuit
aattern for keyboard-
controller modification.

2. Connect 'the +7V, OV and —7V to
the new board from convenient
points on the old board. We used
pin 14 (+7V) and pin 7 (—7v) of
IC1 and a point on the outer copper
track for OV.

By!lOOD

The special large scale integrated
gircuit brings you the
Space Age Digital Clock.

Reads: Hours, minutes, seconds.
Bright, clear display.
No moving parts.
Executive styling.

Solid state
reliability.

BYtiooD

BYWOOD ELECTRONICS
181 Ebberns Road

Hemel Hempstead

HP3 SRD

Tel 0442 62757

—t

3. Link point 1 1o pin 3 on IC1/1
(ETI601e).

4. Link point 2 to pin 8/9 on IC1/1
(ETI 601e}.

Fig. 8. Component overiay
for keyboard controlier
modification.

5. Link point 3 to point 40 IC8
(ET 1601€).

6. Link point 4 to point 40 on RV17
(ETI601¢e).

7. Link point 5 to the track joining Q7
and OB (ETI601e). ®

COMPLETELY ELECTRONIC — NO MOVING PARTS

DIGITRONIC {

A totally unique method of time measure-
ment achieved by the use of all solid state
electronies. This clock operates by dividing
the basic line frequency into precise incre-
ments of time.

Payment by:

Cash — Reg. letter.
Cheque, P.0O., M.O.,
Access — Simply
quote your number.

KIT

*Prices exclude VAT,
please add 10% to
total order value.

ELECTRONICS TODAY INTERNATIONAL—-AUGUST 1974

CLOCK

A COMPLETE KIT!

Easy to assemble:

All parts are supplied — all you need provide
is a2 soldering iron and a pair of cutters.
Complete step-by-step instructions are pro-
vided, and our service department will back
you throughout if you've any queries or

problerns.

———

//
Also available as
a fully built clock
for only £4 extra.
We have other clock kits
and chips available —

] phone or send S.A.E. for

further information.
53" Wide

4% Deep
2%" High

Size:

Complete with all
components, case, eic.,
plus full instructions.

£29.65

Buiit, tested and
fully guaranteed.

£33.65°
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ONCE UPON A TIME, in a far away
land, lived a large: Peeceebee. The
large Peeceebee was very happy be-
cause he was one of very few Peecee-
bees of his particular type because
this type of Peeceebee was very large
and very expensive to make. He was
made up from lots and lots and lots
of diodes and resistors and capacitors
and absolutely thousands of trans-
istors. He had been made by men and
women slaving at their work over hot
soldering irons in little stuffy work-
rocoms in big factories in those far
away lands.

The Peeceebee was going to visit
one of his neighbours, another large
and expensive type of Peeceebee who
was unhappy becuase he had just
heard that a new factory was building
a cheaper and smaller Peeceebee that
did more tricks than he could.

"Hello Calculator Peeceebee,’” said
the first, “what’s the news?”,- “Well,
Digital Clock Peeceebee”, said the
second, “somebody has invented inte-
grated circuits and made it much
easier to build us Calculator Peecee-
bees. The new types are smaller and
lighter and need -less power to drive
them, in fact it is rumoured that they
are being built so small that it only
takes two men to move them around,
At least the new types can live on in
the knowledge that if somebody has
put all of our components into anly
a few hundred ICs, nobody can put
ICsinto ICs.”

A few months later Calculator Pee-
ceebee was -uncerimoniously taken
away and dismantled for scrap. If he
had been around only a few years more
he weuld have found out how wrong he
wasl Digital Clock Peeceebee -was
luckier than most of his fellows, he is
still working somewhere but most of
his friends were replaced by the new
TTL clock Peeceebees.

The new TTL Peeceebees boasted
about their lower power consumption
of only an amp or two and how they
could drive different displays - ‘Nixies’,
then Minitrons and even LEDs.

Then, one day the rumours started
again. Somewhere in Texas, where
they do everything bigger, they did
something smaller - the LS! chips
were out, and out in force. The TTL
Calculator Peeceebees were the first

64

to feel the crunch because the new
LS! Calculator Peeceebees needed only
a few milliamps to drive them. The
calculators were so small and light
that a man could carry them with one
hand, and worse yet they couid be
made battery operated, but worser and
worser and much worser still was the
rumour that they would be so cheap
that within a few years there would
be millions of little calculators all
over the world! 4

A tot of the big TTL Calculator
Peeceebees did not worry, “/‘ve got a
memory”, said one, ‘7 can do per-
centages”, said another and another
shouted, “/’ve got both of those and
sines and cosines, and [l've got a
square-roct feature tucked away some-
where.  They'll never beat that!”,
The new little LSl Peeceebees - said
nothing but just smiled as they made
their way to St. Ives.

The Digital Clock Peeceebees were
worried even if the Calculator Peecee-
bees weren’t. You see, they had
already realised that whatever happen-
ed to Calculator Peeceebees would
eventually happén to them. They sat
and waited with horror to the day of
the Digital Clock LSI.

Moral: All that glistens hasn’t happen-
ed yet.

And now, if you are sitting com-
fortably, we will leave the lands of the
24 and 28-pin LS| horrors and intro-
duce you to the latest developments
in the story. The probtem is that LSI
chips are expensive to put into 24 and
28 or even 40-pin packages, TTL is
much cheaper because of its much
smaller physical size. | am not suggest-
ing {or am 1?) that calculator and clock
ICs would sell for 50p by September
if only they were in 14 or 16-pin
packages, but the first small package
units are already available or have
just been announced.

National Semiconductors recently
produced a calculater chip called the
MM5736 in a 18-pin plastic package.
It has an on-beard oscillator, an auto-
matic constant and a multiplexed dis-
play driver and keyboard input system.
It has 6 digit pins, 7 segment pins,
3 keyboard input pins and two supply
pins. It is already used in several

calculators (look for one with no
decimal points) including NS’s own
machine. The interface to LEDs is
simply a 75492 digit driver and seven
resistors, add a battery, a keyboard
and case and you have a very cheap

calculator. Unfortunately NS have
not yet made the MM5736 chip avail-
able in small quantities at a very cheap
price, if fact you could probably buy
their calculator cheaper than the chip
alone. One day soon they might
bring the price down to the £5 or so
that it should cost.

Any calculator chip manufacturer
making a new improved cheap chip
expects to sell millions of them quite
quickly (there are millions around if
you ‘Hunts’ for them!). On the other
hand, until last year most clock chip
manufacturers count themselves lucky
to sell more than a few thousand of
their chips, thus calculator chip prices
are lower than their simpler cousins,
the clock chips. Two manufacturers
are now out for the cheap digital
clock market {known in the trade as
the kitchen wall clock market).

The first is General Instrument
Microelectronics with their AY-5-1224
a P-channel MOS IC for driving Sperry
{'Beckman’} displays or small LED
displays. The spec is basically 12/24
hour, 50/60Hz, four digit clock with

‘no extras, all in a 16-pin package, The

second chip looks a bit more interest-
ing as it has reset to zero and-a 2MHz
internal oscillator {or external quartz
crystal}-for ultraaccuracy. it is désign-
ed to be built into car ¢locks where no
mains frequency is.available. Its two

extra pins (18-pin package) make it
potentially more accurate and more
useful than the G1 counterpart. Well
done NS (again) with the MMb5378
and 5379 (for Sperry} - you appear to
be heading in the right direction.

| once wrote -an article on a design

for a digital -clock chip, three mag-
azine editors rejected it saying that it
was too complicated. Two menths

later CAL-TEX produced the CT7001

almost exactly to the spec that | had-
envisaged. So, how about a‘spec for a

cheap clock chip using enly 18 pins

- we might well be lucky and find it

available by November. (f we first
start with our 18 pins and take off the

digit {4) and segment (7) drives and
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INPUT DIGIT TIME
1 2 3 4
KA | 12/24 hour SET SET SET
SELECT HOURS MINS ALARM
COLON ALARM
KB | RESET she. 7 SPEED ENABLE

the two power supply pins we are left
with 5 pins. One of these has to be a
timing input pin and another could
be a colon drive output pin; if we save
one pin for later, we have two option
input pins. These pins accept inputs
from the four digit drives and are
demultiplexed internally to give us
eight switched options. These are now
subjected to further internal logic to
give Us even more options, e.g. we
have to have one for Set Hours and
another for Set Mins, if both are
pressed it will now Set tens -of min-
utes. Similarly, if -the reset is pressed
it will reset the seconds digits and
hold them at zero for accurate time
setting, if it is pressed with either Set
Hours or Set Mins it will reset the
whole clock to zeros (or 12 midnight).

As can be seen from the option
table above we have also included an
alarm set input and an alarm enable
input, The latter could be omitted if

it were permissable for the alarm to
sound every 24 hours, but in most
cases an alarm is not required on
Sundays. We have also included a
Shift input which will shift the dis-
play register to show minutes and
seconds in place of hours and minutes.
Depending on the way we count down
from our quartz crystal input it might
be possible to display seconds, tenths
and hundreds instead of minutes and
seconds - well, what d’you know - a
stopwatch! If we are working frem a
quartz input we can use the colon
drive to give us 1Hz or {say} 1kHz,
the choice being made on the colon
speed option switch. At 1Hz the
colon would flash but at 1kHz it
would appear to be on all the time,
the colon drive could of course be
used to drive equipment other than a
colon.

We have a pin left on our 18 pin
package and this must be used for an

alarm output. The alarm output is a
2-4kHz signal moduiated at 1Hz and
can be driven through a single tran-
sistor to a small speaker. If a stable
switched output is required in place of
the tone output a simple retriggerable
monostable could be added extern-

ally. .
\o" | vad

Vss =

b1 - ~ SA

D2 = = SB

D3 - - SC

= JM-Kexx L

KA - ~ SE

KB = SF
XTAL — - SG
ALARM = = COLON

ouT

Passible Pin configuration for our new chip.

Just a few more points - direct
drive to common cathode L EDs, etc,
5mA power consumption, voltage
range 3-30V, and a similar chip with
BCD outputs.

Well, there itis chip manufacturers -
no design charge call the chip the
JM-Kxxx.

REFERENCES

1. National Semiconductor {UK) Ltd,
The Precinct, Broxbourne, Herts.

2. General Instruments, 57-61 Mort-
imer Street, London WIN 7TD. @&

secureye

+dimmer

prowler or thief by switching on a light in a room
when you are out of the house during the hours of
darkness, It is designed to switch on the light as

RICHARDS ELECTRICS
ex-stock components

FULL DATA ON ALL DEVICES - SAE OR PHONEUS
GUARANTEED SEMICONDUCTORS-FULL SPECH.

BCIO7 |3p[BFYS5! 18p 2N3702 [2p|2S303 25p
BCIO8 12p{BSYS5A 9Pp [2N3704 12p|OA9I 9p
Secureye fielps to guard your home from the night BCIO? 13p|C444 I13p [2N38I9 34p]IN%I4 6p
BCI82LB 12p{OCP7I 15p |2N3866 25p|tN4004  7p
BC2I12LB 13p[2Ni7I1 30p [2N4058 14p[IN4007 |lp,

darkness approaches and switch it off again wien
dawn breaks,

The ‘Secureye’ is very easily installed, directly replacing
flush or surface switches of similar pattern. No additional
wiring is involved. Just remove the old switch and replace
with Secureye. Fitting instructions included.

(Secureye
Paosition.

BN ra sV

£5.60

Rec.Retail Price+VAT
operate Dimmer. |

S ///.xﬁ\\.\ifi'w//s\\
WOODSTOCK PHOTOSOUND LIMITED,
300 High_Street, Sungn, Surrey 01-643 7277

S

NSRS

40871/2 RCA 100V COMP. POWER IN FLAT PACK 75pec

TIC44 - TEXAS 60PIV -6A SCR INTO-18 PACKAGE 37

40486- RCA 400PIV 4A TRIAC IN 1O-5 PACKAGE 60p
N6OO2 100PIV22A 49p

Bridges imouz IOOPIV 4A 65p

Clock Chip CT7001::: £15.

We strongly advise use of our28 pin dil socket-chipis MOS.
CT7001+ 4x3"LITRONIX DISPLAYS £18; +6DISPLAYS £20
Avtomatic 28-30-3! day calendar ;noise &radio alarm;
snooze facility ; battery standby ;12 or 24hr;4 or 6 digit:
interface for led display; this must be the most versatile
digiclock chip available.SAE or phane for further data:
DIL L.C.SOCKETS 8pin18p;]4pin20p;]6pin22p:28-pi-n £1-25
MIN.TOGGLES 12nmdolly SPST35p: SPDT-38p; DPDT-42p
50W RMS Power Module-superb spec.£9-25 or SAE 4 data.

all prices include VAT

_ALL ORDERS INCLUDING 11p POST & PACKING TO
16 FRIAR: STREET, WORCESTER WRI1 2171l 0905-28550
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COOLANT LEVEL WARNING DEVICE

fIN914

F- 4 .
1PROBE

TEST '_ <

BUTTON l

1]
i
l +72V IGN.

A simple circuit is shown for indicating a drop in
radiator coolant level. A variety of transistors and
relays can be used and the probe can be made quite
easily. The coolant and anti-freeze resistance to earth is
about 100£2 and with the level below the probe, infinity.

On the mechanical side the hole in the top tank of
the radiator was cut with a pair of sharp pointed

- dividers.

VOLTAGE CONTROLLED MONOSTABLE

0 AuF

S

<a i
13

- 12
74121 |

Monostable 1

2 10

This circuit was used to switch a motor on for a variable
period as part of a position control system. Using the
components shown a range of 20mS to 2 seconds may
be obtained, when Vref, is varied between 0 and —bV.
The maximum period is governed by the value of R1
{=0.7R1C1). The minimum by the drain-source resist-
ance of the FET with no gate voltage applied. The FET
acts as avoltage controlled resistor in the charging circuit
of a74121 monostable. The FET used was an N-channel
2N3819. If a P-channel device is used, R2 must be
taken 16 + Vref.
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ARTIFICIAL FULL-WAVE RECTIFIER

This simple circuit can be used as a full-wave rectifier.

If you put a load at the output and adjust the potent-
iometer, you will see on the oscilloscope the two half
cycles have equal amplitudes and they are touching
each other, so its a full-wave rectifier with one diode
only. This is only suitable for low currents.

WATER LEVEL ALARM

BROBES>

SPEAKER
ﬂ 905

D o
> BFY5]

:I
g
~AMA
g8

The disadvantage with battery aperated alarm circuits
is the quiescent current that they draw. The circuit
shown above draws so little current that the sheif-iife
of the battery is the limiting factor - the anly current
drawn is the leakage of the transistors.

The circuit is shown in the form of a water level
alarm but by using different forms of probe can act as a
rain alarm or shorting alarm; anything from zero to
about 1M£2 between the probes will trigger it.

Q1 acts as a switch which applies current to the
unijunction relaxation oscillator Q2. -Alarm signal
frequency is controlled by values and ratios of C1/R2.
Pulses switch Q3 on and off, applying a signal to the
speaker:

Almost any NPN silicon transistors can pe used for
Q1 and Q3 and almost any unijunction for Q2.
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ETI is prepared to consider circuits or ideas submitted
by readers for this page. All items used will be paid
for. Drawings should be as clear as possible and the
text should preferably be typed. Circuits must not be
subject to copyright. ltems for consideration shouid
be sent to the Editor, Electronics Today International
36 Ebury Street, London SW1W OLW.

Such high wvalues of RC frequency determining
: components are made possible by the almost infinite input
0DD RESISTOR VALUES impedance of the basic CMOS gate. This high impedance
places negligible loading on the RC network, a factor that

normally limits the lowest frequency attainable.

cne .H. As the time constant of 200 M2 and 25uF is 5000
compotition @ "¢ seconds, it can be seen that the circuit can be used to
== provide long time delays or an ultra low frequency pulse
generator.

5 — —— Fiiw The gates in the astable multivibrator, shown in Fig. 1b
il 5 are used as simple inverters with the second inputs being
E‘;D]::ﬂ::m, employed to provide an inhibit function. Normally these
film ypa: inputs, pins 2, 6, 8 and 13, are connected to the positive

supply line through two resistors and are at logical 1,
Three gates form the astable Gy, G, and Ga, and the
y fourth gate, G4, performs the function of output buffer.

s G T e A—— ———

If you are faced with finding an odd value resistor, e.g. _the Gy n:lonitors the p(_)tential at the jun_ction of_ th_e -
for multimeter repairs or making shunts for meters, a timing capacitor (c} and resistor (R). When this potential is
simple trick is to take a resistor iower in value than that below the threshold of G, gate 2 connects one end of C to
needed and file it until the required value is reached. ground and Gs connects one end of R to Nigiae
The resistor should be connected to an accurate multi- The capacitor charges through R until the potential at the
meter, preferably a digital type, when being filed- input of Gy exceeds the gate’s threshold. When this occurs,
Carbon composition or film-types may be used, the output of gate 1 falls to 0, G, rises to 1 and G;falls to
The power rating of resistors may be reduced slightly 0. The gates have now connected the resistor to ground and
by the filing. When finished, a coating of modeling the capacitor to Vpp. The capacitor discharges through the
paint or epoxy resin should be given over the area that resistor until Gy again switches off. The circuit therefore
has been filed, to prevent moisture changing the oscillates at a frequency determined by C and R with a
resistor value. mark-space ratio close to unity.

if the circuit shown in Fig. 1c is connected between A and

B in place of R, the two diodes isolate the capacitor charge

and discharge paths. Variable resistors in the two paths, or

Voo +3V the potentiometer shown, allow the mark-space ratio to be

varied over a very wide range.

Grounding the inhibit inputs stops the astable from

. R oscillating and puts the output at either 1 or O depending
upon which inhibit input is used,

TWO CONTROL SIGNALS DOWN ONE WIRE

3R
DT

Many houses have a door-bell push lit up by a small

@

Fig. 1a, The basic circuit of the CMOS NAND gate on which the bulb as in Fig. 1. A second bulb was required to light up
Astable is based. Fig. 1b. The uitra low frequency astable. Fig. Ic. the house number - but the two bulbs together used so
Insert this network at points AB in place of R to obtain varisble much current that the bell trembler was continually

mark fspace ratio up to 5000 : 1. buzzing. Running a separate feed from the transformerf

to the front door was inconvenient. 1

5000 SECOND ASTABLE The solution was to use four small cheap diodes as
An astable multivibrator with RC network values as high in Fig. 2.

25 200 MS2 and 25uF may be constructed using CMOS logic Almost any wire ended diode will work - (0.BA, 50V

gates. A simple modification makes it possible to vary the if in doubt). This idea has many other extensions -

=ark-space ratio between wide limits. Mark-space ratios wherever it is required to send two control signals or

Bagher than 5000:1 can be achieved, two power supplies down a single pair of wires.
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DX MOANITOR

BACK IN THE 30s AND 40s, no self-respecting DXer considered
his aerial system was complete unless he had a formidable array of
knife-switches which allowed him to ground his aerial(s) in a
thunderstorm! The switches were usually mounted just outside the
point at which the aerial feeders entered the house and were solid
constructions of porcelain and brass which very effectively connec-
ted the acrial(s) to the receiver(s) in the normal position but which
provided a low-impedance connection to earth when the'knife’ was
pulled over into the safety position. Recent searches of radio
catalogues and radio shops have failed to produce anything of this
idnd (although they are certainly freely available in the United
States!) apart from some rather flimsy constructions of plastic and
steel which lastcd just a few months in the ever-changing weather
conditions of this part of the world. Should anyone know where
the heavy-grade switches may still be obtained, details will bc much
appreciated as this is a safety factor well worth having, especially

in these days of transistorised gear which can be affected by charges
(and lightning discharges) much more easily than was the case with
the older valve gear.

What prompted the preceding paragraph was the fact that this
article is being written to the accompaniment of crashes and bangs
from an approaching thunderstorm marking the end of a few days
of warm, summer weather and the onset of the monsoon.season!
Whilst knife-switches may be the easiest way of grounding acrials,
it is quitc easy to construct a simple device which will have the same
effect. All that is needed is a piece of insulated material (such as
‘Paxolin’) on which are mounted sockets which will take all the
acrial plugs which terminate the feeders from the acrials themselves.
Those sockets are connected direct to carth and as a storm approa-
ches all that is required is to plug the aerials into suitable sockets
thereby taking them straight to earth and making the likelihood of
damage to expensive gear much less, The entire “device” takes
only an hour or so to construct but can save several hundred pounds
should there be a lightning strike in the vicinity.

The 8th Annual Conference of the European DX Council was held
in Canterbury over the weekend of 31 May - 3 June and was the
first occasion on which EDXC had gathered in the British Isles for
this yearly gei-together of people representing all sides of the
DX-industry - the radio stations, the DXer, the journalists and thosc
who write and present DX programmes. For the second time in
its history, the office of Secretary-General of the Council passed
to a British DXer with Ian Foster assuming the key position from
the autumn of 1974 in succession to Wolfgang Scheunemann of
West Germany. As the first British holder of the office, a few years
back, I wished Ian a very successful year of office within a very
few minutes of his being appointed to the post: a wish I shouid
like to record, publicly, because it involves a grcat deal of work for
the incumbent in coordinating the work of many DX Clubs,
specialised committees, publicity for the Council in the Press and
on the air, the editing and publication of the Council’s own
“Newsletter” and a host of other activities which bccause they are
not ncwsworthy never get mentioned in print. Good luck, Ian, and
may you have a very rewarding year looking after the affairs of a
Council which represents some 15,000 or more DXers scattered all
over Europe!

Since Canterbury has a history which goes back some 2,000 years,
our Editor seemed to consider it fitting that I should attend the
Conference by means of the ETI bicycle (or did he say tricycle?)!
Eschewing his offez to lend me the official ETI bicycle<clips, I
reached the Conference in time for the, by now, obligatory
“informal get-together” which starts off these affairs and was soon
plunged into a whisl of reunions with old friends in the DXing
world - DXers, DX journalists and DX broadcasters werc all there
amongst a total gathering of over 50 which included representatives
of Radio Canada International, Radio Nederland, Adventist World
Radio, Radio Norway, Deutschlandfunk and quite a team from
B.B.C. World Services’ “World Radio Club™. In a thousand or so
words, one can only pick at the events of a solid weekend of
discussions of all aspects of the hobby and for a coherent account
refcrence must be made to the official EDXC “Newsletter”.

Details and subscription rates for this may be obtained from the
Secretary-Genezal, D-6 Frankfurt 90, Alexanderstrasse 122,
West Germany. -

For me - as the writer of 2 magazine feature on DXing, and the
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writer and presenter of a radio DX programme - one of the more
interesting debates in the formal proceedings of the Council was

one concerned with the improvement of relations between the

DXer and the radio stations to which he listens. it was, to mc, not
unexpected to hear the broadcasters expressing the view that the
DXer was, to them, rather a nuisance and that it was thc SWL whose
attention they really sought! T think, though, that thisaimost
amounted to treason to many DXers. The purpose of international
broadcasting is to “‘sell” your country or philosophy to your
listeners and a report from a DXer who is mainiy intercsted in
having heard your station - possibly at very poor strength and
rcadability - is of much less interest and importance than a report
from an SWL which, aithough much less technical in content, gives
his views on the programme material. Dxers often tend to

forget that the majority of international broadcasters have their own
monitoring arrangemerts either through the facilities of an official
monitoring station, or by use of a monitoring panei, which will

give them all the information they require about the technical
aspects of the received signal. What they do need is to know what
the avcrage listener thinks of the material they are broadcasting for
his interest or entertainment. I think it was Jim Vastenhoud, of
Radio-Nederland, who remarked that one of the most useful reports
that a 1adio station can get is the one which tells it that it is no
longer audible on a particular frequency where it is normally weil
heard, especially if that report is sufficiently detailed and
informative to givc the reason as “interference from X", or
whatever the cause may be.

Much of the valuc of Conferences of this kind is the interchange
of views which takes place after the formal sessions are over:
interchanges, which in my experience, get started after a few drinks
have looscned a lot of reticent tongues and which then continue
long into the night. One subject which cropped up was the extent
to which one ought to include DX *tips™ m fearures like this, o
in radio DX-programmes. 1t is, of course. quite easy to filt up
half a page with a lot of information about what one may hear as
an article is being written; in fact, it is tempting to do so. The
problem is that it doesn’t follow that any or all of those stations
will be audible by the time the magazine appears on the bookstalls
and this is especially the case in the summer months when there is
a considerable variation in DX conditions over a few weeks around
the middle of the year. The “presenters™ were, 1 think, unanimous
that including “tips” in features like this was nothing more than
inspired guessing, if you did pot fall back on quoting readers’
reports of what they had heard which would mean they were about
two months old by the time they appeared in print.

We were preity well of a single mind that the best way to get
up-to-date DX information wes to join a DX Club and that DX
features in the Press, and on radio, should normaily confine them-
selves to dealing with the more general aspects of DXing, Of
coursc, there is much more immediacy about DX radio programmes
and some of them have facilities available to them which mean that
they can really include up-to-the-minute DX news -a good example
perhaps, would be B.B.C. World Service’s “World-Radio Club”
programme. If you are looking for a list of DX Clubs, by _the way,
the EDXC has one and you can get details'of how to obtain a
copy from the address given above.

As Isaid easlier, 1 can only pick at a few of the topics which had
a hearing over a very busy _weekend! It may seem somewhat
porpous but mcetings like this are cvents which everyone
interested in DXing, from whatever angle, should attend if they can

possibly manage it. It is one of the rate opportunities afforded to
the average DXer to meet the people who write and talk about
DXing, and to share his views with them and to hear their s_ide
of the DX scene. Now that this opportunity has passed, it is
likely to be some years before EDXC meets again in Great Britain:
next year’s meeting will be in Denmark, a popular venue for such
Conferences owing to the easy access afforded to DXers from so
many West European countries. However, there are other chances
for such-meetings, even if they are ona smaller scale. Most DX
Clubs have some sort of annual gathering and a visit to one of them
is an experience which few, with any interest in the hobby, will
look back on with anything but pleasure in the years ahead.

I’m already looking forward to the 1975 EDXC meeting and [
hope to see you there.
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NEW QUAD SYSTEM

Nippon Columbia’s newUD-4 (that’s
right UD-4!) quad system was recently
demonstrated to a small invited
audience at New York’s Hilton hotel,

The UD-4 system, developed lointly
by Nippon Columbia and Dr Duane
Cooper of the University of lllinais
incorporates both matrix and discrete
quad formats in a single unit.

Nippon Columbia President, Takami
Shobochi claims that the system is
completely universal — for not only
can it handle both discrete and matrix
recordings without the need for
switching — but it is completely
compatibie in both stereo and
mono modes as well.

Currently UD-4 is an engineering
concept-and the main purpose of
the demonstrations was to convince
both equipment and record
manufacturers of UD-4's potential
value and to solicit licencing
agreements. There must-have been
some takers because Takayasu
Yoshida, manager of Nippon
Columbia’s record division has
since stated that the UD-4 system
would be on sale in Japan and
Europe by the end of 1974.

US NAVY DROP
SANGUINE PROJECT

Work has been suspended on the US
Navy's controversial Project Sanguine —
a system intended for communication
with submerged missile-launching
nuclear submarines.

Project Sanguine was intended to
operate at extremely low frequency
and would have consisted of a
massive antenna buried beneath the
surface and powered by a multi-million
watt transmitter.

Although the system has been
bitterly attacked by environment-
alists — who feared the effect of
massive electromagnetic radiation on
plant and animal life — the reason for
the system’s demise has been simply
financial.

Industry sources however suggest that
the Project Sanguine may only be
postponed not totally dropped, for as
they.point out, ultra low frequency

~ transmission is the only known way of

communicating with submerged vessels.

DATA BOOKS

Motorola-have introduced two new

.data books, each costing £1.26 and

available from Motorola djstributars,
The Linear Integrated Circuits Data
Book is the third edition with 800
pages and 300 circuits. The second is
McMOS Integrated Circuits Data Book
covering 68 of Motorola’s 80 CMOS
devices.

ULTRASONIC CANCER SCREENING

Scientists at the I nstitute of Cancer
Research, working with doctors of the
Royal Marsden Hospital’s Department
of Nuclear Medicine at Sutton, Surrey,
have achieved a dramatic improvement
in the definition obtainable from ultra-
sound ‘scan pictures’ used in the early
diagnosis and treatment monitoring of
-certain types of cancer. Definition is
as much as ten times better than
previously possible. Growths as small
as 2 millimetres across can be readily
detected. At this stage of a tumour’s
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development modern drug treatment
is more likely to be effective. Most
success has been in the detection of
liver tumours previously very
difficult to diagnose early.

After several years of intensive
work, the teams of scientists and
doctors have achieved this break-
through by developing a number of
automatic and manual scanning heads.
For the first time these display the
fine tissue structure, which is of parti-
cular importance in cancer diagnosis.
The system’s novelty is in recognising
not only echo localisation, but aiso
‘echo amplitude and size. In the
Polaroid print - or cathode ray tube
display - produced the two are linked
to show a cross-sectional image of the
internal structures of an organ. This
is displayed in varying shades of grey,
rather than the more conventional
black-and-white ultrasound picture.
Because of this, the technigue has
become known as ‘grey scale echo-
graphy’.

Information can also be fed on-line
to a minicomputer for storage or
analysis and displayed on.a colour TV
monitor, One liver'scan produces
about 1% million computer words. 1f
we could characterise a particular area
as having so much attenuation and so
much scatter we should be abie to say
what the tissue is, or what type of
tumour is in it. We have already made

modest steps in the direction of com-
puter diagnosis and tissue identifica-
tion. But there is still a great deal to
be done before positive computer
diagnosis of cancer using iltrasound
can be putinto clinical use.

In clinical use ultrasound has
already demonstrated marked advant-
ages in certain areas of cancer
diagnosis and treatment management.
Isotope studies frequently pick up
something that looks like a tumour of
the liver. Using the new equipment
it is now possible to ascertain immedi-
ately whether it is, in fact, a malignant

growth or a harmless cyst. Similarly,
radiology procedures do not work in
the case of severe jaundice. But with
an ultrasound picture it is possible to
tetl precisely what the jaundice is due
to in a few minutes. The testis also
proving most effective in detecting
bladder tumours and ‘secondary’
infiltration through the bladder wall.
At the present time about 15 patients
are being screened daily by the ultra-
sound equipment, which is being used
as a complementary check to.routine
X-ray and isotope scanning
investigations.

Perhaps the greatest advantage
that ultrasound offers over gither
X-rays or isotope scanning is the fact
that there is no radiation hazard even
from repeated use. This means that
regular screening of patients could be
carried out without risk. In addition
to being highly accurate the new
method is fast: liver scans can be
made in seconds compared with 15 to
20 minutes using other methods, It is
possible not only to pick up local
lesions but, by examination of the
ultrasound picture alone, give a good
indication of the cause. in the past

‘the only way this could be done with

certainty was to perform an autopsy.
Liver, gall-bladder, kidneys and
lymph nodes can be covered in one
sitting, rather than the five or six
procedures previously necessary.
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MEASURING A
PHOTOCELL

REFERENCE PHOTOCELL

One of the most difficult quantities to
measure accurately is instantaneous
vehicle fuel consumption.

Now an ingenious technigue has been
developed by a British engineering
company (Aviatric Ltd, Box 7, Romsey,
Hants). Their recently announced
three-part unit consists of a meter
calibrated in mpg, a flowmeter inserted
in the fuel line, and a pulse generator
driven by the speedometer cable.

A cone-shaped float suspended in the
fuel line is deflected by an amount
proportional to fuel flow. The amount
of deflection is monitored by a light
source and photocell.

To compensate for colour variations
in the fuel, changes in light output etc,
a second photocell is used in a
compensation circuit.

The data from the fuel flow
transduce is integrated with data from
the speedometer-cable driven
distance-transducer to produce an
output proportional to fuel miles-per
gallon.

MONITORING BY IMAGE STORAGE
AND EVALUATION

Numerous industrial processes need to
be permanently monitored, so that
undesirable harmful emissions, for
example smoke from chimneys or
polluted water from discharge pipes,
etc., may be effectively limited or
prevented. A suitable device for this
function is the Telemat A developed
by Siemens, an electronic module
which can be added to closed circuit
teievision cameras. In this module
the image recorded by a compact
camera is digitally stored and

constantly compared with the image
which is transmitted live. |f sudden
changes occur in a stationary television
image a visual or audible alarm is given
immediately.

In the image storage section of the
device the image of the object being
monitored ({ this image can also be
taken at night with very weak
lighting ) is broken down into 3200
dots and digitally stored in a manner
corresponding to 64 x 50 words each
of 4 bits, each in 16 shades of grey.

If there is even a slight discrepancy

at any point between the content of
the stored image and the live image,
the difference signal automatically
causes an alarm to be given which may
be audible or visual as required. In
addition, the points in the image which
have changed are marked by short
bright dashes. Three adjustable para-
meters operating sensitivity, transient

disturbance suppression and sustained
disturbance suppression - allow for
the particular function.

So that variations over a long
period of time (slow changes in light-
ing) do not have an effect the stored
image can be refreshed in a cycle
which can be preselected between 2s
and 20s. The storage process takes
appraximately 1s. The operating
sensitivity is such that a level alteration
of 30% on a coherent surface, carres-
ponding to 0.1% of the television
image, will cause an alarm to be given.

If required certain areas on the
picture can be suppressed. Using a
cross-bar matrix the tefevision image
can be divided into 256 {16 x 16) areas
which can be combined in any way
desired and excluded from the evalua-
tion. For checking purposes, these
sections appear darker on the screen.

WATTS RMS IN USA

The US Federal Trade Commission
is expected to announce soon that the
national standard rating of amplifier
power output will be ‘watts rms’.

The rule provides for standard
test conditions for manufacturers’
measure of power output, All
advertising, print or broadcast,
making power output claims, on such
iterns as radios, phonographs, tape
equipment and component audio
amplifiers, will have to use a standard
of continuous power output capability
{RMS).

This will replace a variety of types
of measurements such as Instantaneous
Peak Power (1PP) and other manu-
facturer rating claims the FTC feels
are misleading. Agency research shows
consumers cah be deceived by the
diverse claims. Customers will, for
example, buy a stereo set advertised

as having 100-watt amplification, in
preference to a 50-watt set, when the
latter might be as good or far better.

The rutes for all radio and TV and
print media advertising are expected
to become effective in October.

Any advertising that makes claims
as to output must also disclose tota!
harmonic distortion, load impedance,
and rated power band or the
continuous average power output in
watts per channel. The standard test
conditions set up in the rules must be
met when any claims are made in the
advertising.

Advertising may refer to other
operating characteristics or specifications
not required in the FTC rule, such as
“music power’’ or peak power, provided
certain conditions are met. When any
extra disclosures of this type are made;
they must be less prominent than the
standard test rating.



LIQUID LEVEL DETECTOR

A thumb-sized electronic sensor that
hangs on the side of a coffee cup to
alert blind people against painful or
embarrassing overspills has been
developed at General Electric Company
(USA).

Battery operated and weighing
1%0z,, the liquid level detector buzzes
when the liquid level rises within a half-
inch of the cup’s lip. It was devised by
Dr. Richard W. Roberts while sitting
next to a blind traveller during a
cross-country airplane flight.

GE (USA) does not plan at this
time to manufacture or market the
device, since the detector is outside
of the Company’s usual product line
but the company is offering a non-
exclusive, royalty-free licence to any
responsible outside firm, with proven
manufacturing and marketing
capabilities, that would agree to use
its best efforts in commercializing the
Sensor.

Loaking somewhat like a lapel
microphone, the two-inch-long liquid
fevel detector was assembled from
off-the-shelf components, including a
‘miniature speaker and two rechargeable
nickel-cadmium batteries.

The sensor is hung over the lip of the
cup by two sensitive L-shaped "feelers,”
which also serve as electrodes for
detecting the level of the liquid. When
the cup is nearly full, the liquid
completes contact between the two
“feelers,’”” and the buzzer is activated.

The inventors say that, with scaled-
down compoenents, the device could be
made about the size of a fountain pen
cap, and probably would sell “for less
than £2.” It also could be made to
vibrate as well as buzz, for people who
are both deaf and blind.

SEA AS AN ENERGY SOURCE

United Engineers and Constructors,
Inc., a Raytheon subsidiary, will
evaluate the sea as an electric power
source, under a contract with Solar
Power, Inc., {York, Pa.})

United Engineers plan to use
temperature differences between the
ocean’s warm surfaces and colder
depths — some times as great as 400F.
These differences provide conditions
needed to boil and condense thermal
fluids such as propane, which, in a
pressurized vapour state, could run a
vapour turbine generator. Though
capitai costs are high, fuel costs are
about zero; in addition, there is no air
pollution or solid waste, and thermal
pollution is very low, say the company.
The Italian Chinaglia company who have
recently launched in the U.K. in a big
way have now appointed Coates-Clarke

CHINAGLIA SERVICES

Limited of London W.7. as official
service agents in the U.K.

This appointment will give Chinaglia
as many services as any comparable
U.K. company. z

NEW DiSC VIDED PLAYER

France's Thomson — CSF are expected
to release details of a video record
playing system within the next few
months.

It is believed that the system will use
a soft translucent plastic disc and a
laser readout device, Bandwidth of the
encoded signal is said io be 4.5MHz.
The disc rotates at 1500 rpm and
carries some 40 minutes programme
material.

Thomson—CSF are currently campaign-

ing for agreement on standards for
single video disc players, such as those -
from Philips and Telefunken/Decca.

But preliminary information indicates

that the new Thomson—CSF system would

not be compatible with the Philips X
video player, although it could perhaps
be made to cater for the Telefunken/
Decca Teldec system which uses a
pressure sensitive readout.

MOTOROLA EXPAND iN UK

Motorola are usually associated with
in-car entertainment or semiconductors
but in the USA they are best known for
radio-telephones and associated equip-
ment. With growth in this field forecast
here, Motorola will soon open a research
and manufacturing plant at Warrington.

One of the first products is likely =
to be the Pageboy, a pocket pager :
currently being used by the Post Office
in the Reading area for trials.

The pager, shown in the photograph, :
may soon be available to the general
public. To reach someone with a
Pageboy the caller will simply dial a
number and within a few seconds the
pager will ‘bleep!

" The Dyna TAC portsble telephane. The

Motorola’s Pageboy is small and light and
can be worn anywhere even clipped to a
coat lapel.

{

short UHF serial extends from the ear-
piece.

At a recent demgnstration Motorola
installed a 250W transmitter in central
London and successfully paged severa!
people over a wide area of the city.

A recent company development is
Dyna TAC (Dynamic Total Area
Coverage}, These are completely
portable telephones, patched into the
existing system allowing the user to
make and receive calls almost anywhere.

-The system will require 380 channels,
‘each of 25kHz around the 900MH2 part
_of the spectrum.

The first Dyna TAC system is hoped
to be in operation in New Yeork in
about a year.
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FERRIC CHLORIDE
Anhydrous to Mil-spec .in double-
sealed packs. 1lb 55p (22p} 3ib
£1.32 (30p) 10!b £3.85 (60p).

71b BARGAIN PARCELS

Contsin hundreds of resistors, swit-
ches, capacitors, pot (all new) +
crystals, transistor panels and loads
of odds and ends. Only £1,82 (40p).

VERSATILE POWER UNIT

Contains double insulated mains tran-
sformer, 2 amp thermal cut-out and
bridge rectifier, Wil give 1.7V=
10.5V output with two extra cap-
acitors {provided). ldeal for Nickel-
Cad charger, 5V TTL supply, cass-
ettes, radios, aetc. Supplied complete
with information 95p {20pl. Also
available as mode! garage woth lamp,
switch, jack piug, etc, £1.35 (30p).

3W TAPE AMPLIFIERS

Potished wood cabinet 14 x 13 x 8
containing a sensitive (20UV) 4 valve
amptifier with tone and volume con-
trols, 3 watts output to the 7 x 4”3
speaker. Also included is a non-
standard tepe deck. Supplied in
good working condition with circuit
Mains operated. £3.30 (£1.25). Amp-
lifier chassis complete and tested
(2xECC83, EL84, EZB0) and speaker
£2.20 (45p). .

COMPUTER PANELS

3lbs assorted panels £1,10 (30p) 7lbs
£2.20 (40p). Pack containing at
feast 500 components including at
teast 50 transistors 66p (20p}. 12
high quality panels with power tran-
sistors, trimpots, IC's, stc. £2.20
{30p} 100 for £13.00 (£1.00). Trade

supplied.
ALL PRICES INCLUDE VAT:

Carriage in brackets, SAE list,
enquiries,

GREENWELD (ET2),51 Shirley
Park Road, Southampton, New
Retail Wholesale/Mail Order Pre-
mises. Tel. 0703 772501, Also
Retail shop at 38 Lower Addis-
combe Road, Croydon.

i

FOR FURTHER INFORMATION
PHONE: BOB EVANS -
01-730-2139

PRECISION '
POLYCARBONATE CAPACITORS

440V AC (£10%) Ranga +1% 2% 6%
0uF (11/8"x%") 50p 0.47uF 56p 4B 138p
0.22uF (1 3/B"x5/8 )69 1.0u"  66p 560 d6o
025uF {1.3/8"x5/8") 620 22uF B80p 650 S
D47uF (13/8"x%") 71p 4.7uF €130 E£1.0B  asp
OSuF {1 3/8"xX"} 75p 6.8uF £1.64 £128 £1.08
0.88)F (7' %*) 80p 10.0pF£2.00 £1.60 £1.40
LORF (2°x%") Sp 150uFE2.76 £215 £1.90
206F (221 f£12%

All high stability-extremely low leakage.
TANTALUM BEAD CAPACITORS—Values available:
0.1,022,0.47, 1.0, 2.2, 4.7, 6.8uF at 15V/25V or 35V;
10.QuF at 16Y/20V or 25V; 22.0pF 3t 6V/10V or 16V;
33.0pF st 6V or 10V 47.0uF at 3V or 6V; 100.0uF at
3V. All at 10p esch; 10 for 95p; 50 for £4.00.

TRANSISTORS;
£C107/8/9 S BC2I2212L 14p BFYS0 20p
BCIA7/WG 10n BCE47 12p BFYS1 20p
BC1657/8 . 12p BCSSB8A 12p° BFYS2 20p
BC182/182L 11p . BF194 2p 0C7T1 12p
BC183/t83L 11p BF197 13p 2N3055 50p

BCIBA/I8AL 12p AF178

POPULAR DICDES: Al brand new and marked:

1N914 6p: 8 for 45p; 18 for 80p; INO1E Bp; & for 45p;
14 for 90p, 1544 5p; 11 for S0p; 24 for £1.00. 1N4 148
Bp; & for 27p; 12 tor 48p. LOW PRICE ZENER DIODES
400mW; Tol. +5% st SmA. Values available: 3V; 3.6V;
4.7V;5.1V; 5.6V, 62V 6.8V, 7.5V; 8.2V, 9.1v: 1ov;
V12V, 13V 136V, 15V 16V; 18V; 20V 22V; 'MV
27V;30V. All st 70 each; 5 for 39p; 14 for 84p. Spocul
Offer: 100 Zeners for £5.50. RESISTORS: High stabil-
|tv,lawwumrbon film 5%; %W at 400C; 1/3W 32 700
C. E12 seriss only - from 220 10 2.2M1. ANl at 1p each:
Bp for 10 of any one vaiue; 70p for 100 of sny one value.
Special Paci: 10 of sach value 2.280 to 2.2MS2 (730 re-
sistors) £6.00. SILICON PLASTIC RECTIFIERS - 1.5A -
Brand raw wire ended DO27: 100 P.LV. =7 p (4/26p}
400 P.1.V.—8p {4/30p) 300 P.1.V.—11p (4/42p) BRIDGE
RECTIFIERS: 2%A 200V -40p 350V —45p 600V~55p,
SUBMINIATURE VERTICAL PRESETS - 0.1W only:
All at 3p each: 10082, 22052, 47057, 6802, 1k, 2.2k,
4.7k, 6.8k 10k, 15k, 22k, 47k_ 100k, 1M,

Plesse add 10p Post and Packing on alf orders balow
£5.00. All sxport ordart add cost of Sea/Airmaii.
PLEASE ADD 10% VAT TO ORDERS

Ploase add 10% VAT to orders. Send S.A.E. !otlmsol

sdditional ex-stock items. Whol price lists
10 bona fide compani
MARCO TRADING

Dept. TG, The Mattings, Station Road, WEM, Shropshire.
Tol: NANTWICH (Cheshire} 63291 (STD 0270)
{Props: Milndeost Treding Ltd:)

PLEASE MENTION ETI WHEN
. REPLYING TO
ADVERTISEMENTS

AERIAL BOOSTERS £3.30.

Can produce remarkable :rnprovemenu on
the picture and the sound in fringe or

difficult areas,

B11-—-For the VHF radio band,
812—-For the VHF televisicn band.
Please state band 1 and 2 channals

B45—-Turable over the complete UHF

television range,

All boosters are complete with battery for

next to the set fitting.
PLUGS AND SOCKETS

CO-AX, Plug6p, Surface Socket-7p. DIN
PLUGS, 2 Pin-15p, 3 Pin-15p, S Pin-15p,
JACK PLUGS, Standard-15p, 3.5mm-10p,
TOGGLE SWITCH SPS.T.

2.5mm-10p.
with on/off Pizte-10p. P and P 10p.
ELECTRONIC MAILORDER LTD.

62, Bridge Strest, Ramsbottom, Bury, Lancs.

72

SPAE RESEARCH

BRINGS Wi A

OISITAL CLOOKF —

WITet (40 MOVING .
MRS - FUR Yoo TO Suwitd

ICIT B All components, including P.C.B. designed for
sasy home assembly. Bright and clear digits. Tough A.BS.
plastic case with contrasting front panel.

PRICE: £23-00 plus £2.30 VAT/Total £25-30 inc. post /pkg
Only our advanced design techniques make this iow price
potsible. Kits are tested before they lzave us and ary
covered by the P.E.A. money-back guarantee.

nlom Send me Getalls 0f VOUr 1

kirs

' NAME_ S T e ..fl
laoomess. — S| |
12T A RS
PEA. L, : t

35 High St, WELWYN,
HeB.M..'EE L--—ﬁ——-J

L6W TTL PRICES

(All devices Ex-stock)
1-30 30+
SN 7400 17p 15p
SN 7404 17p 15p
SN 7410 17p 15p
SN 7413 29p 25p
SN 7420 17p 16p
SN 7473 38p 35p
SN 7486 34p 32p
SN 7490 72p 62p
SN 7393 71p 62p
BC 183 10p 9p

All devices full spec. by leading
manufacturers. 30+ prices apply
to mixture of TTL types. Prices
include VAT. Minimum order
value £1.00. + 10p p&p.
CHILTERN ENGINEERING,
XKINGWOOD,
HENLEY-ON-THAMES,
OXON, RGY 5NB.

HARDWARE

Screws, nuts washers etc,

Sheet aluminium cut to size or in
standard packs, plain or punched/
drilled to spec.

Printed circuit boards for published
designs or individual requirements,
one-off or small runs.

Fascia panels, dials, nameplates etc
in etched aluminium. 6p for details.

Ramar Constructor Services,
29 rne R
Stratford on Avon, Wg:'wit;ks.

LABORATORY CLEARANCE
Uscilloscopes, ‘AF/RF  Oscillators,
Audio and General Test Equipment,

‘Tape Heads, Decks, Millivoltmeters,

Bridges, Sweep Generators, Etc. Etc.
Tel. Lower Beeding 236.

BUILDING and PURCHASING an
AUDIO- MIXER pre-amp, autofade,
V.U. or audio monitor, V.E. mixer,
driver or power supply etc, First
consult

PARTRIDGE ELECTRONICS
ref. ETI. 21-25, Hart Road, Benflaet,

Essax. established 23 years.

e
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Service and Calibration departments.

APPLICATIONS are invited from people of all ages with
experience oy formal 1raining in electronics and from Ex-
Services technicians.

HIGHLY COMPETITIVE SALARIES, negotiable and
backed by valuable fringe benefits. Overtime normmally
available.

calibrating valve and solid-state electronic measuring equip-
ments embracing all frequencies up 1o u.h.f. in Production,
GENEROUS RE-LOCATION EXPENSES available in
most instances.

schemes, canteen, social club.

374 hour, 5-day. working week.

WRITE or phone for application forms quoting reference
ETI 748.

MARCONI INSTRUMENTS LTD,
Longacres, St Albans. Herts

Tel: St Albans 59292

Luton Airport, Luton, Beds

Tel: Luton 33866

A GEC-Marconi Electronics Company

AUDIO DESIGN ENGINEER
Required to assume responsibility for expand-
ing audio department of large electronics
mail-order company based in Ware, Herts.
Salary negotiable, around £3,000 p.a.

Write in first instance with full details to
David Ward, Bi-Pak, Box No. 6, Ware, Herts.

DO YOU WANT PROFESSIONAL STATUS?
C.E.l. Part 1l Course

This course leads to Council of Engineering
Institutions Examinations. Successful candi-
dates achieve the academic requirements for
membership of |.E.E, or |.E.R.E.

-Details of entrance requirements grants etc.
for this and other courses apply:
Head of Electrical Engineering Dept. Ref. C9.
Medway & Maidstone College of Technology,

Chatham, Kent.

and NnOoWw....

% RATE: 45p PER LINE. Average Six
words per linc. Minimum three lines.

sk  Name and address count as lineage if
used in advertisement.

% BOX No. allow 25p extra and indicate
on form below if required.

P O S e T R e P R Gt e e S e S
TECHNICIANS AND ENGINEERS
: FOR ST. ALBANS AND LUTON
QUALIFIED OR NOT!
OPPORTUNITIES for challenging work on testing and
CONDITIONS excellent: free life assurance, pension

THE COMPLETE CLASSIFIED SECTION -

0
‘ wish to sell new, surplus or used equipment — nuts, bolts, switches, valves or you are seeking to fill that extra

r the smaller advertiser, we have introduced a new SALES and WANTS section offering a lineage rate. If you

work capacity USE OUR NEW CLASSIFIED FACILITY.
ALL YOU HAVE TO DO IS FILL OUT THE FORM BELOW FOLLOWING OUR TERMS

¥ Single column inch DISPLAY BOX £5.s¢i.
Single column inch SEMI-DISPLAY £3.sci.

% MINI-AD 1/9th page and multiples thereof
each £11. (Minimum of THREE insertions)

PLEASE MAKE CHEQUE/POSTAL ORDER payabtle to:
“ELECTRONICS TODAY INTERNATIONAL™ and crossed “& Co.”

LINEAGE

PLEASE PRINT CLEARLY

Address

Wiisisdin

fEL-:

TICK HERE FOR

l Name -

N

i:l 1 ENCLOSE CHEQUE/POSTAL ORDER No. of

Display sci Semi Display Box No TO THE VALUE OF

insertions.

\:
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. Greenweld Elepfronics: S

The Proprietors of British Patent No. 1022360,
for "Methed and apparatus for coating an
article’” desire to enter into negtiations for the
sale of the patent, or for the grant of licences
thereunder. Further particulars may be ob-
tained from:

Marks & Clerk, 57-60 Lincoln’s Inn Fields,
London WC2 3LS.

COMMUNICATIONS FREAKS! Dont miss tha latest
UNDERCURRENTS {No.7), tha magazine of radical science
and people’s technology:’

* Switched-on radio hams - low energy, low cost radio and
TV link decentralised communities.

* Community radio techniques - AM, FM, mains intercom,
modutated light.

* Phone phreaking - tetephones are fun, but is the Post

Office fair ggme?

Privacy - is your phone tapped, is your mail openedr Who

does it, and how.

* Cable TV - community control or re-cycled soap operas?

* Beneath the city streets - the revolution-proof Govern-
ment communications network.

* Above the city streets - are the TV cameras for traffic
control or riot control?

PLUS News, Reviews, Science Fiction, Aitsrnative Tech-

nology and much more. Just 35p. postpaid from

Undercurrents, Department F, 275 Finchley Road, London

NW3 {01 794 2750). A subscription is £2 for 6 issues.

INSTRUMENT CASES FOR THE HOME CON-
STRUCTOR BLACK LEATHERGRAIN FINISHED
VYNIL ON STEEL COVER 20 s.w.g. ALUMINIUM
BASE FRONT AND BACK UNIT.

8" x 4%" x 1%"” 18g Base 95p
87 xb” x2” 18g Base £1.10p
9" x 5" x 2% 189 Base £1.22p
117 x 6" x 3" 18g Base £1.44p
117 x 7%" x 3%" 16g Base £2.15p
197 x 9" x 3% 149 Base £6.60p

Add 15p post and packing per order.
Wellberry Limited, (Mail Order Division),

TRADE ENQUIRIES WELCOME

24, The Sycamores, Baldock, Hertfordshire.

INDEX TO ADVERTISERS

Ambit . 32
B.H. Component Factors . 63
BIET . Cover
Bi-Pak . 48/49/73
Bi-Pre-Pak 17
British Patents . . 74

Bywood

Chiitern Engineering
Chiltmiead

Dart Electro Services
Electronics Mailorder .
Electrospares

Henry's Radio .

ICE Electronic Systems
ILP {Electronics) Ltd . .

74

. inside Cover/29
72
31
20

29
75

14

Maidstone Coliege of Technology - 73
Mapiin Electronic Supplies . 22
Marconi instruments . ., . . . . . . . 73
Marcotrading 72
Minikits T e shaes » - 32
Partridge Electronics 72
PEA . g, Ry 72
Planstron.., - ..l s S umEeuib e 32
Ramar Constructor Services 72
Richards Electfics : = c R 65
Sintel 20
Sinclair Calculators . . . 32/33
_ urr:‘ents 74
eIIberry TRy - T t 74
i_ImsIow ek e e N 57
%&dstock S ) ot Pz s o 65
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Gram __~
TapeNEN 5
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balance.

Inputs

Active Tone Controls
Treble ! 12dbal 10kH2z

Maanetic Pick-up amv.
Ceramic Pick-up 30mv

SHEER S|

Tape o.p

Ralt KYS

BASS

Half KYS

TREBLE

VOLUME

‘Steren.MUnu switch

I

Tr-l BALANCE

MPLICITY!

-v ¥

| er
v

Mono electrical circuit diagram with interconnections for stereo shown

The 14¥Y5 1s a comiplete mono hybrid
preamphitier, ideally sinted for both
mono and stereo applicattons, Internally
the device consisls of 1wae high quality
amplifiers - the tirst contains frequency
equalisalion and gain carrcction, while
ihe sccond caters for tone control and

TECHNICAL SPECIFICATION

RIAA

f Microphone 10mvV
Tuner 100mv
Auxillary 3-100mv
leput impedance A7¢) at 1kHz.
Qutputs
Tape

100mV
Main outpul Odb (0.775 volls RMS)

8ass 4 12db at 100+17
Distortion 0.05% at 1kHz
Signal/Noise Ratio 68db

Overioad Capability 40db on most
sensitive input

The HY 50 is a complete 001 state hybnd

Hi-Fy amphifier incorporating 1t own high

conductivity heatsink hermetically sealed

i black epoxy resin, Oniy flve cannec-

tions are provided: (Nput, outpul, power

tines and earth,

TECHNICAL SPECIFICATION

Ocvtput Power 25 walls RMS into 882

Load Impedance 4- 1G5L

lnput Sensitivity Odb (0.775 volts RMS)

Input Impedance 4712

Distortion Less than 0.1% at 25 watts
typically 0.05%

Signal/Noise Ratio Heller than 75dD

Frequency Response 10HZ — 50kHz ' 3db

Supply Voltage ! 25 volts

Size 105 x 50 x 25 mimn.

PRICE £5.98+0.59 V.A.T. P & P free.

Supply Voitage 16~ 25 voIIs.
PRICE £4.50+0.45 V.A.T. P& P free. L0 remp T A
TWC YEARS

GUARANTEE ON ALL OUR PRODUCTS

Ihe PSLH0 can be used Tog either mono
or slered systems.

TECHNICAL SPECIFICATIONS
Oulput voltage 25 volts

tnput vellage 210 240 volis

Size L.70, D.90, H_&60 min.
PRICE £5.00x 0.50 V.A.T. P & P free.

CROSSLAND HOUSE - NACKINGTON - CANTERBURY - KE

CANTERBURY (0227) 63218
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Over 150
ways to

better future

SECURITY

find out how
in just 2 minutes

That’s how long it will take you to fill in the coupon. Mail
it to B.LLE.T. and we’ll send you full details and a free
book. B.LLE.T. has successfully trained thousands of men at
home equipped them for higher pay and better, more inter-
esting jobs. We can do as much for YOU. A low-cost B.LE.T.
home study course gets results fast - makes learning easier
-and something to look forward to. There are no books to buy
and you can pay-as-you-learn. §

‘Why not do the thing that really interests you? Without losing a
day’s pay, you could quietly turn yourself into something of an
expert. Complete the coupon {or write if you preier not to cut the
page). No obligation and nobody will call on you . . . but it could be
the best thing you ever did.

Others have done it, so can you

“Yesterday T received a letter from the Imstitution informing that my
application for Asscciate Membership had been approved. 1 can honestly
say that this has been the best value for money I have ever obtained — a
view echoed by two colleagues who recently commenced .the course”.—
Student D.I.B., Yorks.

“Completing your course, meant going from a job I detested to a job
that I love, with unlimited prospects”.—Siudent J.A.O. Dublin.

“My tr;umnv with B.L.E.T. quickly changed my earming capacity and,
in the next few years, my earnings increased fourfold” —Student
C.C.P., Bucks,

AINO QUT FOR YOURSELF

These letters —and there are many more on file at Aldermaston Court
— speak of the rewards that come to the man who has given himself
the specialised know-how employers seek. There’s no surer way of
getting ahead or of opening up new opportunitics for yourselt. It
will cost you a stamp to find cut how we can help you. Write to
B.LE.T. Dept. BEI 80 Aldermaston Gourt, Reading RG7 4PF.

*

Practical Radio & Electronics
Certificate course includes a
learn while you build

3 transistor radio kit.
Everything you need to know

g

103 1.8 e
7” Ougha 81515 :‘5

engineer a -

l

I MEGHANICAL

about Radio &
Electronics
maintenance and
repairs for a spare
time income and
acareer fora
better future.

£ —CUT OUT THIS COUPONoms mase s s
Tick or state subject of interest.

Man. Prod.~cont.

Post to address below.
Constructional- uunt

AMSE (Mech) (I Quality Control [} Bullding I
Boiler Inspect. Salesmanship O BnildfngDrawing O
peration O Storekeeping B d. Foremar [
C & G Eng. Crafts [ Work Study Ca:ncntry&.lom O
C&G Fabricat. [0 Works Clvil & Munle¢ipal
B:i:egs?n Eng.t % Management ([ cEng;meiringl []l
. Inspection onstructiona
Eng. Metallurgy [] DRAUBHTSMANSHIP. ~Engineering [
Inst. Eng. & Tech. J A-M.IED. Construction DI
Inst. MotorInd. [] Design of Elec. Surveyors O
’\damcen E O _ Machines O Institute
g[hec a]} Wg ) B Die &Press Tool glerk c;]rWol‘ks 0J
eet T ounc; 3
I N 13 Electrlcal (:ccnlog'ymng Bl
ELEGTRICAL & snip A Heat vast g
ea ent.
| ELEéTRouic G‘;;,lanDs’gi",fhts [ Eydraniles ol
008 Hagtholne fiapiobe™
C& G Bleo. Inst. O Teech. Drawing (m] ngthmc{: %up_ O
C & GElec. Tech. [J RADIO & TELE- alntine s e o H
Computer Blect. [J GOMMUNICATIONS  Furligiiseicne U
Elec. Maths O Colour TV O =t nfrga.lE%g g
Elec.Science [0 C&GC Radlo/TV/ _ guree ; BI
%ecgqm{:El‘-nngg- E Electronics [ AR
ecirica - C & G Telecomm.
Instali. & Wiring O Tecn, - O GENERAL I
Meters Prac. Rad. Elec. Agricultural Eng. Py
& Measuring Cwith kit) O Council of Eng. I
Instruments [J Radio Amateurs Inst. m]
Exam. O Farm Science 0
| wanacemente  RadioServioms  Generaikducat O
PRODUCTION & Repa. o gen»flﬁs‘%ﬁm =
R Cotol [ Radlo&TVEng. [ Pract.Matns af |
Computer Prog. [] Trans. Course [] Pract. SlideRule [J
Elecn-ome Data TV Ma.ln & Serv‘. 0 Plirle g"hg‘ppued I
Processing [ AUTO & AERO Relfigeration
Estimating U aeroEng. O Rubber Tech.
Foremanship U A M.IM.T. [ Sales Engineer: I
Inst. Cost&Man _ 4’k G Cert. e . )
Accountants O Aut5Engineer ritiard O
Inst. Ma.rket.éng 8 ‘AUto Repair le:'r‘.lqra e 3
Managemen A 3
Metrication o gfrgg-:um Eng. [J University Ent. O
Motor Trade Man. [J ~ Management
Network Plan. O MAA/IMI Dipl. 8
Numerical Cont. O Moptor Vehicle
OpCSLiohal g Mechanies O
BSEArc. "Nt 'Y L
Personnel Man. [ GONSTRUGTIONAL 580" & ‘A
PianningE!g 0O AMS.E.(Civil) O
Producti ng. [ Architecture a

Coaching for many major ex

including ONC. C & G. etc

POST TODAY FOR A
BETTER TOMORROW

o B.LLE.T., Dept. BEI 80

ock Capltals Please

Over 10,000
Eroup passes
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Aceredited by C.A.C.C. Member of A.B.C.C.
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